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PREFACE

Wirtnin a very few years the roentgenologie examination of
the digestive tract has become an extraordinarily efficient and
practicable aid to gastro-intestinal diagnosis.  The literature on
the subjeet, though extensive, has been widely scattered through
periodicals, and, at the time the preparation of this book was
begun, no effort had been made in America to colleet the well-
established faets into a single volume.

Our intent has been to seleet and arrange in a systematice
manner those things which seem not only to be true but worth
while, and especially those which we have verified by experience
with a large amount of material.

We have purposely avoided extensive deseriptions of appara-
tus since this subject has been rather fully dealt with in several
comprehensive publications.  On the other hand, we have given
detailed protocols of the findings in a considerable number of
cases which have come under our observation.  Thus our hope is
that the book will be of some practical service to our co-workers
in the field of roentgenology. For the sake of brevity, many
citations of authority have been omitted, but there is no pretense
that the bulk of the facts related are from observations original
with us.  In the occasional instances in which we have dissented
from the opinions of others, we have endeavored to quote op) os-
ing views with fairness and without conscious implication that
our own word should be considered final.

Because of the lessons they may teach, our mistakes
have been recorded unsparingly, but these errors should not be
regarded as reflecting on the general efficiency of roentgen
dingnosis.

To the distinguished brothers whose name designates the
clinic in which the work has been done and who have given us
exceptional opportunities for the comparison of roentgenologic
and operative findings, to our fellow members of the surgical,
clinical and pathological staffs, who have heartily coiperated
with us, to Mrs. M. H. Mellish of the Editorial Department,
whose aid has been unflagging, and to our intimate associates in
the roentgen laboratory, who have given us generous help, our
obligations are gratefully acknowledged.

Tue AuTHORS.

Mavo Cruinic,
May, 1917,
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THE ROENTGEN DIAGNOSIS OF
DISEASES OF THE ALIMENTARY CANAL

CHAPTER 1
APPARATUS

An adequate equipment of roentgen apparatus simplifies
and facilitates the examination of the digestive tract and for
such purposes can hardly be dispensed with. Tt is true that in
this, as in many other things, the man counts for more than the
machine, and the bulk of roentgenologic knowledge has been
gained by those who had to content themselves with crude
appliances. Yet, modern apparatus saves time and labor,
invites thoroughness and lessens the chance of error.

The coil, which superseded the static machine, is still used by
many for roentgenography and to some extent for roentgeno-
scopy. It gives an excellent screen image, but the interrupter,
whether of the mechanical, electrolytic or mercury-turbine type,
is a frequent source of trouble when subjected to hard usage.

In recent years, the coil has generally yielded place to the
interrupterless transformer, the development of which has been
due largely to American ingenuity. Of interrupterless ma-
chines, a number of excellent makes are on the market, and the
differences between them are not of great consequence. They
are adaptable both to roentgenoscopy and to roentgenography
and are dependable and economical in operation.

A varied assortment of vertical and horizontal screen-
apparatus, tube-stands, automatic plate-changers for stereo-
scopic plates, and minor accessory 'apparatus is obtainable.

2 17




1S APPARATUS

These accessories are constantly undergoing modification and
improvement, so that the operator can easily satisfy his personal
preferences and requirements. Ixtensive and detailed de-
seription of apparatus would be superfluous here, but a few
remarks concerning equipment may be of practical aid.

TRANSFORMER

The transformer for the excitation of the roentgen tube does
not necessitate the use of a current-interrupter on the primary
or low-tension side, as does that of the coil; hence it is com-
monly termed an “interrupterless transformer.” Nevertheless,
interruptions of the current are made, though on the secondary
or high-tension side, by a commutating switch, for the purpose
of utilizing a selected portion of the sine-wave, and thus obtain-
ing a pulsating unidirectional current. These machines vary
in capacity. It is advisable, however, to avoid extremes, as
those of medium capacity are best adapted to general roent-
genologic work. At present, we are using machines rated at 6
or 8 kilowatts.

Transformers are simple, practical, durable and efficient, and
obviate the need of a coil and interrupter with their annoyances.
They are made to operate on either direct or alternating currents,
preferably the latter. The three-wire alternating-current sys-
tem makes possible the use of 110 volts through the transformer
for screening, and 220 volts for making plates. Operating
control-boards and protection screens are supplied with the
machines. If Coolidge tubes are to be used, the transformer
should be construeted so as to back up a spark of 10 inches or
more. This requires a commutating disk of greater diameter
than those used in the past, and necessitates an oil-immersed
transformer. The rheostat should have ample capacity to pre-
vent overheating.

VERTICAL SCREEN APPARATUS

For a number of years no one piece of apparatus has con-
cerne droentgen work more than a suitable appliance for making
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FOOT-SWITCH 19
and fluoroscopic examinations.  Opinions regarding such instru-
sonal ments have been diversified, hinging chiefly on the question of
I de- protection, and there have been extremists pro and con. The
| few development of such apparatus has been a matter of evolution
with regard to adequate protection, ease of manipulation, ac-
cessibility of parts, durability, and avoidance of an awesome

appearance.
does Most of these qualities are embodied in each of the various
mary makes of vertical screen apparatus.  In general, such an appara-
com- tus consists of a counterweighted tube-box which can be freely
less, moved laterally and vertically on the frame upon which it is
dary mounted. The box is covered with heavy sheet lead and is
pose provided with a door at the side through which an interchange-
tain- able tube-holding board can be taken in or out. A small window
ary in the front of the box, opposite the target of the tube, is covered
'8, as inside with a thin aluminum filter. Over the outside of the
yent- window is placed an adjustable diaphragm, usually of lead rein-
at 6 forced with brass. The diaphragm may give either a circular
(iris type) or rectangular field, the latter being the most gen-
and erally used. Its operation is controlled by an ingenious
nees. mechanism with a handle convenient to the operator's left

ents, hand.

sys- In front of the tube-box is a high, wide shield, against which

rmer the patient stands during the examination. The shield may

iting be of thick, heavy metal with an aluminum or celluloid window,

the or made wholly of celluloid in a metal frame.

rmer The fluoroscopic sereen is supported from the tube-box

'8 or either by cords or by a erossarm with rigid suspension rods.

leter The latter device makes it possible to move the tube and sereen

rsed in unison, and keep the fluoroscopie field in constant view.

pre- A small turntable, upon which the patient stands while
being examined, is added to the equipment of some machines,
and facilitates rotation for different angles of view.

con- FOOT-SWITCH

king All sereen work is done with current ranging from 1 to 3

milliamperes controlled by a graduated foot-switch.
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To operate, the main rheostat on the machine is set to the
maximum desired for sereen work, and this maximum is ad-
mitted to the sereen tube by the third pedal of the foot-switch.
There are two other pedals which admit respectively one-third
and two-thirds of the maximum current, the regulation being
effected through an auxiliary rheostat to which they are con-
nected. We are accustomed to using approximately 3 milli-
¢ the maximum, 2 milliamperes for the intermediate,
and 1 milliampere as the minimum. These readings, however,

amperes ¢

will fluetuate somewhat aceording to the resistance of the tube.

The graduation by the foot-switch permits the operator
unassisted to proportion the current to the thickness of the
patient and thus to give the intensity of illumination desired.
This arrangement diminishes the likelihood of overheating an
ordinary tube, and its convenience is obvious.

In addition to the current-control a light-cireuit is led into
the foot-switch and attached to a make-and-break switch
which controls the subdued illumination of the room between
examinations. This light is also turned on and off by the
operator’s foot,

TUBE-STAND

For making plates of the stomach a stationary tube-stand
is convenient, A fixed, horizontal, tubular, iron frame carries
a vertical stand, which rides on ball-bearings and ean be locked
at any point. The tube-holder and carriage are counter-
weighted and can be raised, lowered and rotated as necessary.
Near the end of the stationary frame a light wooden table is
hinged on a wall-bracket so that it can be folded up. It is
fitted with an adjustable wooden plaque for holding the cassette
when plating patients in the standing position. By lowering
the table and adjusting the tube-carrier, plates can be made
with the patient recumbent.

TABLE

Trochoscopes and combined tables for roentgenoscopic and
roentgenographic work are obtainable in various designs. One
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TUBES 21

of these tables, designed for routine service, suits our own work
admirably.

The table-top is of standard-make, tunnel type, with cellu-
loid window and standard stereoscopic plate-shifting mechan-
i=m. The top is supported by an iron frame, largely of tubular
construetion.

A vertical tube-stand is carried upon horizontal rods attached
to the back of the table, and is fitted with ball-bearings so that
it can be easily shifted. By means of a lock it can be fixed in
any position.  The tube-holder is of the usual type with a lead-
glass  bowl-shaped container secured to a metal base-frame,
and can be raised, lowered, tilted to any angle or rotated upon
its horizontal as

The table has been further amplified by placing a movable
tube-box beneath it for horizontal sereen-examinations. The
tube-box and adjustable diaphragm are similar to those used
on vertical sereen-apparatus. The box shifts laterally on a
frame, and the frame and box can be moved lengthwise on a
tubular track, with ball-bearings for all moving parts.

The arrangement thus permits the use of two a-ray tubes;
one on the vertical tube-stand for making roentgenograms, the
other in the tube-box for screen work, the tubes being main-
tained at vacua appropriate for their respective purposes. By
a device the tube-box carriage and the vertical tube-stand can
be linked together and moved in unison, so that the sereen-field
an be plated quickly by swinging the upper tube into place.

TUBES

For plate-making various types of ordinary gas tubes, both
American and foreign, can be employed. Greater differences
as to quality and durability are observed between individual
tubes than between types. Preferably they should have a 7-
inch bulb and a heavy copper anode faced with tungsten. For
screening, we have used water-cooled tubes with entire satis-
faction. The reservoirs of these tubes are of extra size, and
hold about a pint of water, so that heating is avoided even with
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prolonged use. They withstand hard service and with reason-
able care will last for a considerable time.

Recently Coolidge has brought out a tube of extraordinary
efficiency. It is exhausted to a much higher degree than the
ordinary tube. The cathode is a tungsten filament in the shape

of a flat, closely wound spiral, and is heated by current either
from a storage battery or a small transformer, with rheostat
control. The storage battery can be used whether the main
current supply is either direct or alternating, but in the latter
case, some form of rectifier is necessary for recharging the
battery. The small transformer is of use only with alternating
current. Eleetrons are liberated from the cathode in propor-
tion to the degree of heat, and the tube-penetration can thus be
controlled with precision, The tube is coming into common
use for sereening, plating and therapeutic purposes. It is very
durable and seems to be ideal. Our own experience with it
has been highly satisfactory.

INTENSIFYING SCREENS

Intensifying screens are distinetly advantageous because
they shorten the time of exposure. Fortunately, there are
American screens quite as good as the foreign sereens, if not
better. In using the sereen, cleanliness and careful loading,
with firm contact, must be observed. The cassette should be
of light weight, thin, durable, light-proof and easily loaded.
Cassettes made of aluminum are preferable to those of wood.

PLATES AND DEVELOPERS

The best plates are those which have unvarying uniformity,
fair latitude, moderate speed and good keeping qualities and
are free from blemishes. Reasonable latitude is desirable in
order that slight variation in the time of exposure will not
impair the roentgenogram. The greater the speed, the less is
this latitude; hence it is better to choose a plate that is neither
extremely fast nor extremely slow. Manufacturers recommend
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developers which are best suited for their plates, and their
advice should be followed.

Questions are frequently asked as to the length of exposure
necessary to produce a satisfactory roentgenogram. This
depends, as the operator will soon learn, upon the capacity of
his machine, the voltage, the milliamperage passing through
the tube, the speed of the plate, the tube distance, the density
of the part and whether or not an intensifying sereen is used.
Therefore, the beginner should not hastily blame his equipment
nor be surprised at his early failures, for they can be overcome
only by experience.




CHAPTER 11
GENERAL TECHNIC
In order that comparisons may be made on a uniform basis,
the roentgenologist should have a customary routine. While

it would be desirable for all roentgenologists to employ identical
methods, efforts in this direction have thus far been fruitless.

However, the individual examiner will find it advantageous to
choose and follow as faithfully as possible the method which
to him seems best. His routine should, of course, be flexible
enough to vary in exceptional cireumstances. Indeed, some
degree of inventiveness and ingenuity is requisite in dealing

with extraordinary cirecumstances, but in forming opinions
allowance should be made for any departure from the accus-
tomed procedure.

It should be kept constantly in mind that many of the conclu-
sions herein stated are based on the routine described. Those who
attempt to follow this book should adhere with reasonable fidelity
to the technic as related. Otherwise there may be annoying dis-
crepancies in the resulls. On the other hand, it should also be
emphasized that rigid adherence to any routine will not alone make
diagnoses; that interpretation of findings, which can be learned only
by experience, is quite as important as technical methods; and that
the beginner must expect at least a few disappointments at first.

Preparation of the Patient.—One of the most important
roentgenologic signs of a lesion in the digestive tract is deformity
of contour, and such deformity may be imitated by the presence
of food or fecal material. The stomach, when examined, should
be empty; ample time should be allowed for evacuation of the
last meal taken prior to the examination, and the patient should
abstain from food until the examination is finished. The ma-

24
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jority of our patients come to us direetly from the gastroenter-
ologist after tubing and lavage, and while as a rule, these latter
procedures are not a necessary prelude, they insure a more
thorough evacuation of food-bits and seeretion in obstructive
cases, and elear out mucus and hemorrhagie detritus from the
craters of gastric uleers. If the colon is to be examined by the
opaque clysma, the patient should be previously purged with
oil or a saline, preferably oil, and should flush out the bowel with
a cleansing enema shortly prior to the examination.

In exceptional instances where motility is especially con-
cerned, as in cases of suspected stasis, a separate examination
under the patient's accustomed conditions and without purga-
tion, enemas or fasting, may be conducted. Such findings
should be compared with each other, and not with those ob-
tained after preparatory measures.

Opaque Salts.—In the early attempts at visualization of
the human digestive tract, bismuth subnitrate was tried. Its
occasional toxicity led to some fatalities and it was soon aban-
doned. Nince then bismuth subecarbonate has been extensively
employed. It has been claimed (and disputed) that its alka-
linity somewhat depresses peristaltic activity. The oxychloride
of bismuth, which is sometimes used, is a trifle lighter than the
subearbonate, and hence a little more easily held in suspension.
Peristalsis, as seen with the oxychloride, is perhaps a trifle
more active than that seen with the subearbonate. Both the
subearbonate and oxychloride are harmless even in much larger
quantities than ordinarily administered. The oxides of zir-
conium (kontrastin) and thorium, and the magnetic oxide of
iron have been used to a limited extent.

Chemically pure barium sulphate at less than a tenth the
cost of bismuth salts is equally satisfactory and is now generally
employed.  We have adopted it for both the opaque meal and
the enema. It must be free from any soluble salts of barium
which are toxie; it should be in a finely divided state, and can
be obtained in this condition from manufacturers. It is harm-
less, tasteless, and does not inhibit or unduly stimulate peris-
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talsis, but is passed through the digestive tract more rapidly
than bismuth salts.

Attempts have often been made to visualize the digestive
canal after inflation with air or gas. Notwithstanding the fact
that pronounced lesions have oceasionally been demonstrated
in this manner, the method is far less certain than the use
of opaque meals and enemata, and hardly deserves serious
consideration.

Vehicles.—In selecting a medium for the administration of
opaque salts, a wide latitude of choice is offered. Any of the
commonly used vehicles may be employed with satisfaction,
but it is desirable that the mixture shall have the following
qualities: ‘

1. It should be palatable.

2. It should be sufficiently viseid to hold the opaque salt in
good suspension.

3. It should not be too thick to fill small recesses.

4. It should not unduly stimulate gastric secretion.

5. It should neither accelerate nor retard motility.

The vehicles commonly used include water, milk (plain,
condensed or fermented), muecilage of acacia, potato-starch,
bread-and-milk, corn-starch-pap, gruels and various cereals.
Each of these has its advantages and disadvantages, depending
on the purpose in view. For the six-hour opaque meal, a
cereal, such as one of the wheat breakfast foods, is desirable. At
the beginning of the sereen-examination, a little plain water and
barium (or bismuth) ean be given to advantage. By palpation
it can easily be shifted into all parts of the stomach, thus out-
lining its borders. Being of thin consisteney it will enter small
niches and uleer-pockets, and as it does not excite the pylorie
reflex can be expressed into the duodenum, thus establishing
the site of the pylorus and outlining the duodenal bulb. For
complete filling of the stomach to finish the sereen-examination
and for roentgenography, fermented milk, which may be ob-
tained either in bottled proprietary form or can be made by
adding culture-tablets to whole milk, is admirable. This is




g

THE ENEMA 27

relished by most patients, holds the opaque salt in good suspen-
sion, and does not affect the motor funetions. Mucilage of
acacia, freshly made from the powdered gum, is effective. It
is especially useful in examining the esophagus. Condensed
milk holds up barium fairly well and is palatable, but owing to
its fat, markedly diminishes motor activity. Thick gruels of
wheatmeal or oatmeal are often used in esophageal work.

A pap made up either with potato-starch or corn-starch is
an excellent vehicle.  'We have used both extensively, but have
of late given preference to the corn-starch because of its more
pleasant taste. The starch is obtainable everywhere in pound
cartons. To prepare the pap in quantity the following recipe
may be used:

Nine ounces of corn-starch dissolved in 14 ounces of cold
water is poured into 6 quarts of boiling water. Forty-five
ounces of barium sulphate is stirred into a thin paste with 20
ounces of hot water; allowed to boil for three or four minutes,
and is then added to the starch-pap. The whole mixture is
stirred well and allowed to boil for five minutes slowly. After
cooling, 13 ounce of vanilla extract is added. Syrup of rasp-
berry in larger quantity, or other flavoring, can be used as
desired. The mixture will keep well on ice for two or three days.
On standing a scum may collect; this should be removed. The
customary portion for each patient is 12 ounces of the mixture,
which amount contains approximately 3 ounces of barium.

The Enema.—The essentials of an opaque enema are:

1. That the mixture shall not be irritating to the bowel.

2. That it shall be sufficiently large to fill the entire colon.

3. That it shall be sufficiently fluid to flow freely, yet thick
enough to keep the barium (or bismuth) well distributed.

Any of the opaque salts may be used as a base but the inex-
pensive barium sulphate is employed most generally. In some
instances bolus alba (kaolin) is added, 500 gm. to 3 pints.

For mediums, mucilage of acacia, fermented milk, condensed
milk, mucilage of tragacanth, starch and other vehicles are
employed.  Any of these or combinations of them can be used
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satisfactorily. The starch solution has the oceasional disadvan-
tage of becoming lumpy on standing and thus obstructing the
enema tube. A combination of mucilage of acacia, condensed
milk and barium (deseribed in the chapter on The Large Intes-
tine) makes an excellent enema.

Quantities.—The quantity of opaque salts used for the meal
by different roentgenologists varies markedly, ranging from 1
to 6 ounces at a single administration, and the total amount of
ingesta may be from 6 to 30 ounces. The proportion by weight
of opaque salt to medium varies from 10 to 25 per cent. As a
general rule, it will be found that mixtures containing less than
10 per cent of the opaque salt, especially barium, are not reliable
for visualizing lesions on the screen or plate.

There are wide differences among various examiners in the
manner and time of observation. One routine frequently em-

ployed consists in the administration of a single opaque meal,

the phenomena of its progress through the digestive canal
being noted at successive intervals by sereening and plating.
By the double-meal method as used by Haudek,! which we have
preferred to follow, one meal is given chiefly for the purpose
of testing motility, and this is followed by another six hours
later, at which time the roentgenologic examination is made.

The Six-hour Meal.-—\s employed by Haudek, the six-hour
meal was made up originally with bismuth subearbonate.
Haudek's wide experience convineed him that a distinet residue
from this meal in the stomach after six hours was usually of
pathologie significance, although, in some instances, he believed
it might result from gastric atony. For four years or more we
have used barium sulphate in the meal, and as barium leaves
the stomach earlier than bismuth, a residue from the former
has even greater import, The various causes of such a residue
are hereinafter enumerated. In our habitual routine, the meal
consists of 2 ounces of barium sulphate in 4 ounces of cooked
cereal, to which a little skimmed milk and sugar are added.
Objection has been made that in those cases in which the six-
hour meal has advanced into the transverse colon or splenic
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flexures it may interfere with the screen and plate examination
of the stomach. This seldom happens, and when it does, re-
éxamination can be made after the colon is empty. Personally,
we would rather risk the necessity of
than do without the six-hour meal.

a second examination

The prineipal advantage of the six-hour meal is the saving of
time to the examiner and of annoyance to the patient entailed
by repeated screening or plating. It not only shows whether
the stomach is able to clear itself within the given time, but also
by its position and distribution in the intestine gives gross
information as to intestinal motility, Its use is based on the
theory that the exact emptying-time of the stomach is less im-
portant than the fact that a liberal time-limit for evacuation is
oris not exceeded. It is quite possible that a more refined study
of the gastrie elearance-time will be of greater diagnostie aid.
In estimating the significance of slighter variations in the time
of emptying, however, the numerous physiologic and pathologic
factors affecting motility will need to be carefully weighed.

The Screen-examination.—We believe that the advantages
of the sereen in the examination of the digestive tract can hardly
be too strongly emphasized. Only by its use can exact informa-
tion be obtained as to mobility and flexibility, the phenomena of
peristalsis and antiperistalsis, the nature and permanence of
irregularities of contour, and the effects of palpation, respiratory
movement and varying positions. All changes can be seen at
every instant, in the order of their succession, at any desired
angle, and in these respeets a few minutes of sereening is equiva-
lent to hundreds of plates. The sereen also affords convenient
opportunity for inspeeting the chest and abdomen for numerous
lesions which may affect the digestive tract reflexly.

A very necessary part of roentgenoscopie technie is the proper
preparation of the observer's eyes. To secure a maximum
of dark-accommodation and retinal perception the examiner
should be in the darkened sereen-room for ten or fifteen minutes
before beginning his work. The maintenance of this accommo-
dation is furthered by the use of subdued illumination whenever
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light is required at intervals, and the use of smoked glasses
during these periods. IFor the room-light a color in the red
portion of the spectrumis preferred,® andis best secured indirectly
by reflection from a tinted ceiling. The walls may be finished
in the same color.

Male patients should be stripped to the hips. Women may
i be allowed to wear a kimona of thin material, but this should
be devoid of buttons or ornaments, and the underskirts should
be dropped below the abdomen.

Palpatory manipulation is a very essential part of the roent-
genoscopic procedure and should never be omitted. Not
infrequently the patient, made apprehensive by his somber
surroundings, tenses his abdominal muscles so that palpation
is ineffective. This difficulty can usually be overcome by quiet-
ing the patient’s fears. He should also be required to bend his
head forward, drop his shoulders, allow his arms to hang limply,
and breathe deeply with open mouth.

Mindful of the numerous disasters which have befallen the
pioneers in roentgenology, many have a lively sense of possible
danger to the operator from the use of the screen. We can say
only that after several thousand examinations with the appa-
ratus heretofore deseribed, we have experienced thus far no
evil effects. Haudek® also states that he has made 12,000
sereen-examinations without sustaining injury.

The tendency of the rays to produce sterility is well known,
and perhaps may not be overcome by the usual protective
measures if exposures are long or frequently repeated. Certain
blood-changes also have been noted by Portis* and others. But
workers with the ray who take the customary precautions are
not likely to develop roentgen dermatitis or carcinoma. The
operator should endeavor to secure the greatest amount of
protection consistent with efficiency. He should wear gloves
of leaded rubber or other opaque material, and should protect
the genitalia with an apron of leaded fabrie. If, with all these
measures, he is still dubious of his safety, he should test for
leakage with radiographic films, plates or pastilles.

|
|
|
|
|







FLUOROSCOPIC SHEET.
MAYO CLINIC,

Age
Total Acidity Food remnants
Chemical R, Microscopic i
Comb. Acids Yeasts
Lactic Acid Sarcines
Habitus N E.
Residue 0. 1. 2 3. 1
Head C H. F. T.C. S. F. D. S
Peristalsis Nor. Active Vigorous Not Seen
Bulb Seen Size 1 2 3 Reg. Irreg. Not Seen
Duod. Visualized Immediately Delayed Not Seen
Antrum Seen Regular Irregular Not Seen
Mobility Free Slightly Fixed Fixed
Filling Defects Card Media. Pylorica GC. LC.
Incisura Card. Media. Pylorica Transient Niche -
Hour-Glass Stomach Organic Intermittent Divaiisalon
Tender Point LC Duod. G. B, MeB, Epig.
Trouble—Esophagus, Stomach, Bowels, Duration - Increased Severity......
Pain—Slight, severe, dull, gnawing, fullness, distress, where ...radiates -
continuous 2 . intermittent frequency..... s QUEALION ]
after meals i e TEHE, time ——1 T

aggravated by food, quantity, solid, acid, fats, fibrous; relieved by food, soda, belching, vomiting.

Stomach feels better full, formerly, now; empty, formerly, now.
Vomits—Rarely, occasionally, often m— " T . mucus, bile, forced, delayed, tube
Sour Stomach ........cc.......Gas ..Jaundice, sl., distinct .Cramps. Morph. .........

B. M.—Regular, constipation, diarrhoea, black, clay, blood, mucus. Typhoid........ wwee  Alcohol
Weight—Increasing, stationary, off ..o 1bS. M. Reduced diet................. e

General Condition—Good, fair, poor, weakness, emaciation, pallor, appetite ...

Operations:

Fia. 1.—Scratch sheet for fluoroscopic findings and clinical data.
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DIGESTIVE TRACT SHEET, X-RAY.
MAYO C

1. Case No. A

Phy.. . e . Date NO.
2. NAME . B Sex, m. f. ..Age... Address
3. PART EXAMINED - eEsophagus sStomach dDuodenum iSmall Intestine cColon rRectum aAll
Clinical Data - ks rangens
(?) Possible NOTE- Under eolumn 4 ( . mbers 1 to 37 represent les’ and the letters A to U, ana
(P)Probable tomical parts in A diaznosis wou recorded thu cer of the st B
(D)Definite Ulcer of the duox i 17, Incompeient ileo-cecal valve L, ete
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(1) Abscess dhesion (3)Anomaly (4)Atony (5)Cancer (6) Dilatation  (7) Displacement

ptosis  (10)Fistula  (11)Foreign Body  (12)Hernia diaphr.  (13) Hirschsprung’s Dis.

. PLATE
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(8) Diverticulum
(14) Hour-Glass

(15) Incompetence (16) Indeterminate (17)Jackson’s M. (18) Kink (19) Negative (20) Non-Rotation
(21) Normal (22)Obstruction (23) Ptosis (24) Redundancy (25) Spasm (26) Spasticity
(28) Stenosi: 8 re (30) Syphilis (31) Transposition (32) Tuberculosis (33) Tumor (34) Uleer
(35) Card 35) Gall-stones @7 ng Defect
(A)Esophagus (B)Stomach (€ (D)Media (E)Pars pylor (F)Pylorus
(G)Greatercurv (H)Lesser curv (I)Duodenum  (J)Jejunum (K)Ileum  (L)Ileo-cecal Valve
(M) Colon (N)Cecum (0) Ascending Colon (P)Hepatic Flexure (Q) Transverse Colon
(R)Sp ¢ Flexure (S) Descending Colon (T) Sigmoid Flexure (U)Rectum
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xExtraordinary
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3. 2.—Permanent record sheet.
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As for the patient, his safety is fairly assured by the protect-
ive features of the apparatus and by the brevity of the exami-
nation.,  With reasonable care as to the character of the tube
<ay one backing up 4 to 6 inches on the parallel spark-gap at 3
milliamperes, 110 volts), no patient will be harmed. Two or
three milliamperes on the tube-circuit will usually suffice, but
for thick patients 4 or even 5 milliamperes may be required.

The time necessary for roentgenoscopic investigation will
not usually exceed ten minutes, Oeceasionally, however, when
peristalsis especially is to be studied, a little more time will be
required. By judicious use of the foot-switch, turning on the
rays only as needed, the aggregate of exposure can be consider-
ably lessened.

Plates.—After the examiner has acquired some proficiency
with the sereen, he will oc

sionally be inclined to dispense with
plates, especially in the apparently normal cases when the
patient is thin, the screen image sharp, and the clinical history
negligible.  But it is never wholly safe to do this, and at least
two or more plates should be made in every case. Plates show
minute deformities which cannot be detected on the sereen,
may be studied at leisure, and may be filed for future reference.
When the result of an examination is indecisive, an increased
number of plates may give further assistance. They can be
made either in rapid succession or at longer intervals.  Multiple
plates are especially useful in studying the stomach, the pylorie
region and the duodenum, when a lesion is strongly suspected
but cannot be determined in the ordinary way.

Lewis Gregory Cole,” has elaborated the multiple-plate
method and applied to it the term “serial radiography.” He
employs a table equipped with a plate-changing device beneath
the table-top which permits the making of multiple plates with-
out disturbing the patient.

In published discussions of gastric roentgenology it is ocea-
sionally intimated that the sereen and plate are rivals. This is
a misapprehension. Rather should they be considered as indis-
pensable complements to each other in every complete exami-
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nation. Personally, we have always used both methods, and
would fear to discard either. Cases are frequently met with in
which sometimes one, sometimes the other, alone elicits the
information sought.

The positions employed for particular purposes, suitable
sizes of plates, and other details are described elsewhere. We
find some advantage in the intensifying sereen and use it regu-
larly. But as to this and many other technical refinements,
such as the tube-distance, the milliamperage, length of exposure,
ete., no hard and fast rules can be laid down, and every roent-
genologist determines these things according to his own judg-
ment and the character of his equipment.

Stereoscopie plates are striking in their appearance and are
somewhat more informative than single roentgenograms, but they
are rather superfluous if a careful sereen examination is made.

Roentgen kinematography has been tried in a few instances
with fairly satisfactory results. It is not practicable as a routine
and does not possess any extraordinary advantages over roent-
ﬂ(‘ll().\‘('“]).\'.

Records.—The benefits derived from a systematic record
of case observations more than compensate the examiner for
the time required to register his findings, no matter whether he
sees 1 or 20 cases a day.

Such a system not only keeps the material in shape for ready
comparison, but promotes orderly thoroughness of observation,
thus preventing the errors often consequent on haphazard
investigation.

Besides the usual series of card indices, our own records con-
sist of a fluoroscopic sheet, a permanent record sheet and a
recapitulation sheet. The sheet which is used in the screen-
room (Fig. 1) has a brief form for the salient facts of the clinical
history and the gastric analysis, besides blanks for entry of the
sereen findings. Most entries can be made simply by checking
or underscoring the item.

In the blank square the examiner notes his diagnostic opin-
ion or the most significant facts. Subsequently, the notations
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n this sheet are compared with the plate findings, and a final
eport is entered on the permanent record sheet.

The permanent record sheet may seem rather elaborate and
umbersome, but it can easily be filled out, nearly all the data
eing entered by underscoring (Fig. 2). Some of the items are
eldom used, but have been included in order that the record
may cover a wide range of possibilities.

The diagnostie division provides for an abbreviated cipher
of the diagnostic opinion. Pathologic conditions are denoted
by numbers and the parts involved by ecapital letters. By
combining a number and a letter the diagnosis can be condensed
within small space.

Before each item in the body of the sheet is a small letter.
[f the item is underscored, this letter is entered in the corre-
sponding column of the recapitulation sheet. This is a device of
H. S. Plummer’s and is applied to many of the records in the
Mayo Clinice.

The recapitulation sheet facilitates a rapid summary of case
findings (Fig. 3). By tracing a single column on this sheet the
percentage of oceurrence of a given observation can readily be
found; thus also the incidence of various combinations can be
determined quickly.
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CHAPTER 111
INTERPRETATION

The roentgenologic examination of the digestive tract is not a
mysterious art requiring extraordinary talents. Neither is it a
simple diagnostic method which can be learned in a day. Tts
successful employment demands industry, experience, judgment
and care, just as any other procedure in medicine—no more,
but no less.

The roentgenologist has to deal with shadows and shadow
defects as signs of normal, reflex and pathologic conditions.
These signs vary in their frankness and degree. Some of them
are more or less direct, showing as definite and permanent
additions to or subtractions from the normal contour. Others
are rather indirect, revealing only perversion of function, and
the seat and nature of the pathologic change can only be inferred.
Indirect signs have different values at different times, singly
and in combination. It is impossible to put into words the
exact worth of these signs in their fluctuating grades. That
'an be learned only by actual experience with adequate material
and by following cases to the operating room and the post-
mortem table. The most painstaking deseription of a lesion is
not equivalent to seeing it oneself in the opened belly, and only
by this sort of vision can one obtain a proper understanding of
roentgen diagnosis or confidence in the method. Familiarity
with reflex conditions and the protean forms of spasm is abso-
lutely essential.

The maintenance of a conservative attitude in this work is
especially necessary, and, at the same time, especially difficult.
The veteran roentgenologist, as well as the novice, is tempted to
see too much rather than too little. Once the observer has
acquired some familiarity with his work he will find that direct
34
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INTERPRETATION 35

signs of lesions will be manifest quickly or not at all.  He should,
of course, take sufficient time to examine his patient in all the
routine particulars, but unduly prolonged examinations dull the
sense of proportion, and a perfeetly innocent stomach may seem
guilty to ungenerous scrutiny.

Failure to discover a lesion by the roentgen-ray is often
pardonable, hut the subjection of a patient to needless operation
upon trivial roentgen evidence alone, is not readily forgiven
by those concerned. Common sense has been defined as the
ability to distinguish the important from the unimportant, and
in this meaning every diagnostician has an abiding need of
common sense.

There are two very practical checks against error which the
examiner may employ, namely, reéxamination and the giving
of antispasmodies in cases in which spasm is suspected. In all
doubtful cases one or both of these tests should be applied.

By any means of diagnosis, exceptional eases are found which
are quite at variance with the common rule. Naturally, these
are tremendously impressive, so impressive that it is difficult
thereafter to avoid being unduly alert for them. The only
safe way is to hold fast to the rule and regard exceptions with
doubt.

The statement of W. J. Mayo, that only about one person in
ten with gastrie symptoms has a gastric lesion, is worth remem-
bering. The beginner is likely to be disappointed by the multi-
tude of cases in which he is unable to find any roentgenologic
evidence of a gastro-intestinal lesion, and will often feel that he
is at fault. But besides a percentage of patients with such
lesions which no one is as yet able to discover, there will be a
much larger number of patients whose symptoms are produced
by conditions outside the digestive tract. Ixtrinsic conditions
giving rise to abdominal symptoms are sometimes discoverable
during an examination of the digestive tract. The observer
should keep in mind the possibility of aneurysm, pleural, pul-
monary, mediastinal and cardiac disease, diaphragmatic hernia
and eventration, subdiaphragmatic abscess, gall-stones, renal,
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ureteral and vesical stones, enlargements and tumors of the
kidney, spleen, liver and pancreas. He should watch, at least
casually, for vertebral disease, for fractures and deformities,
in short, for every abnormality, and report it whether it may or
may not have any relation to the patient’s complaints. To be
sure, gall-stones and stones in the urinary tract are likely
to be overshadowed by the barium and discovery of them will
be only fortuitous, but if their presence is suspected they should
be looked for at a separate examination.

The hazard attending diagnosis based exclusively on plate
findings, especially when the plates are few in number, deserves
particular stress. Plates show but a single phase and a single
angle of view. Artefacts which may be produced in countless
ways, the appearances which are physiologic and the signs which
are pathologic cannot be distinguished from each other with any
degreee of certainty if only one or two plates are made. Yet,
when used as a complement to the sereen, the plate may give
substantial aid, and it should be employed in that manner only

How shall the examiner report his findings? How far
shall he go in translating them into terms of diagnosis? This
depends on his relations to the clinician, the acquaintance which
each has with the other's province, and whether the work is
done in an organized institution or independently. An ultra-
conservative method would be simply to report the bare facts
of the observation—a shadow here, a filling-defect there, u
residue, or whatever is seen—and leave all diagnostic interpre-
tation to the clinician. To be wholly satisfactory this would
necessitate an extent of organization which has not yet been
reached, and few clinicians understand the precise significance
of roentgenologic indications. For this reason verbose reports

of all the roentgen phenomena observed in a given case are worse

than useless because they may mislead the clinician, and a
simple statement of the conclusions formed would be far better

Another way would be for the roentgen examiner to restrict
his diagnoses to those cases in which the roentgen signs alon

are pathognomonic, or practically so, such as the niche of gastric
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uleer or the filling-defect of advanced carcinoma. Certainly he
can perform valuable service in this manner, but what of the
cases in which the roentgen signs, though definitely abnormal,
are not definitely diagnostic, and yet may corroborate a clinical
picture?  As a concrete illustration may be cited the oceurrence
of a six-hour gastrie residue with apparent cutting-off of the
prepylorie region, phenomena which are definitely abnormal but
which are alone not sufficient to maintain a diagnosis either of
cancer or uleer, The roentgenologist from his observations
alone can say only that a pathologic condition exists. Yet
these signs when combined with the clinical facts, may point
rather directly to the nature of the lesion.

Extreme limitations of diagnostic latitude are not truly con-
servative, but are reactionary. They would seem to rest on
the assumption that a diagnosis is a statement of fact, not an
expression of opinion.  Yet every diagnosis implies the exercise
of opinion and the rendition of judgment, and even the patholo-
gist, who has the last word in this respeet, is not infallible.

[t is less important that we be solicitous regarding artificial
rules which we may impose on ourselves—as though a game
were being played—than that we remember the rights of the
patient. It is his just due that all features of his condition
shall be properly weighed, not only separately but also in their
relations to each other and as a whole.  Many roentgen mani-
festations are as yet intelligible only in the light of elinieal and
other facts.

It follows, then, that somewhere and somehow the roentgeno-
logie findings should be correlated with the clinieal as well as
all other data. How shall this be done?

1. It may be done by the clinician. This implies a broad
knowledge on his part of roentgen diagnostics, which can be
acquired only after years of experience. Reduced to practical
terms it means that it would be better for the clinician to make
his own roentgenologic examinations. Possibly ths is the
ultimate solution.

2. The clinician and the roentgenologist may make a
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joint examination, or go over their respective findings at a
personal conference. Aective coiperation would certainly be
preferable to the customary passive combination of their work.

3. The roentgenologist himself may correlate his findings
with the clinical and other data. Under present conditions
this is perhaps the most practical and efficient method. As a
medical man he should have little difficulty in refreshing his
knowledge of symptoms, laboratory reports, and, at least gross,
physical signs. By so doing, his work will rest on broader
foundations, and not only will his interpretations be tempered
by the clinical data, but he will also acquire a more exact sense
of purely clinical values.

The clinical data may be used:

1. In combination with the roentgen observations to form
a general complex on which the diagnosis is based.

2. As an index of the possibilities and probabilities in the
case at hand and thus direct the examiner’s particular attention
to them.

3. To prevent too hasty judgment, as in those cases in which
the roentgen signs do not harmonize with the clinical facts,
and in which a more careful review of these signs or a reéxami-
nation may show them to have been mistaken.

\Fear has been expressed in some quarters that clinical data
may unduly prejudice the roentgenologist and give bias to his
verdiets. This could oceur only on condition that his experi-
ence has not been sufficient to teach him the relative value of
signs, either roentgenologic or clinical.

To sum up, the essentials for satisfactory roentgen diagno-
sis are faithfulness to an orderly routine, careful observation,
reéxamination in doubtful cases, cautious and correlated inter-
pretation, and last, but not least, a willingness to admit when-
ever it is true, that the findings are inconclusive.

Te
patien

are cé

interfe

results
to hav
of the

Sta

againsi

survey
extend




CHAPTER 1V
THE ESOPHAGUS

Technic.—While in most cases no special preparation of the

patient is necessary for an examination of the esophagus, there
are cases of obstruction in which retained food or seeretion may
interfere with the examination or impair the accuracy of its

Fia. 4.—Cross-section diagram showing position of the esophagus relative to other
organs in the oblique view,
results.  Whenever such conditions are suspected it is advisable

to have the gullet cleared out either by the voluntary efforts
of the patient or by tubing and lavage.

‘ Standing with his back to the tube and with the screen
against his chest, the patient should first be given a general

{ survey in the anterior position. With the diaphragm widely

( extended, the entire chest should be inspected, attention
i 39

f
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being given to the supraclavicular regions, the lungs during forced
respiration, the excursions of the diaphragm, and the size and
position of the heart and aorta.

F1G. 5.—Screen examination of the esophagus. Patient in right anterior oblique
position

‘The patient is then turned to an angle of about forty-five

degrees so that his left scapula is directed toward the tube,

while the screen hangs over his right chest. In this position

the right anterior oblique, the rays pass through the patient

obliquely, as shown in the cross-section diagram (Fig. 4), and
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the photograph (Fig. 5). The exact angle desired can rarely
he obtained beforehand, but, looking on the sereen, the observer
can rotate the patient slightly in either direction until the
greatest space is attained between the shadow of the vertebral
column behind and that of the heart and aorta in front. The
horizontal leaves of the diaphragm are extended to their limit,
while the vertical leaves are approximated until only the esoph-

ageal region is in the visible field. Sereens of average size
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Fia. 6.—Diagrammatic view, right anterior oblique position 4, 4, v dia

space.

will not accommodate the whole extent of the esophagus, and
hence require raising and lowering to cover the entire course.
Besides, for clear vision and to avoid distortion, it is better to
have a small field with the tube and screen in the plane of any
point which is to be closely serutinized.

After the patient is satisfactorily posed he is given a barium-
acacia mixture, a teaspoonful at a time. This is prepared by
mixing four parts of barium sulphate with one part of fresh
mucilage of acacia, as described by Hirsch,' who, however,
prefers bismuth instead of barium. When first mixed it is




12 THE ESOPHAGUS

rather dry and granular, but by continued stirring becomes
smooth and homogenous. A\ total of 2 to 4 spoonfuls is all
that is necessary. The resulting mass is exceedingly viseid.

It descends the esophagus slowly and tends to coat its walls

Fig, 7.—Patient in right anterior oblique position for roentgenography of the
esophagus
throughout. Each bolus is followed in its progress down-
ward., For additional observation the patient drinks a cupful
of bariumized gruel (2 ounces of barium sulphate in 3 or 4
ounces of a thin gruel of any breakfast cereal). This can be
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swallowed in larger quantities than the acacia mixture and
shows the distensibility of the esophagus somewhat better.
If the esophagus is markedly dilated above an obstruction,
greater amounts of bariumized gruel or corn-starch-pap are

given to show the extent of dilatation.

Fii. 8.—Position of patient for roentgenography of the epicardia. A small cone should
be usged to secure good definition

In the right anterior oblique position, the esophagus, with

the exception only of its short subdiaphragmatic portion, can

be studied to best advantage. Particular attention should




44 THE ESOPHAGUS

be paid to the retro-cardiac space, the clear area lying between They er

S e

the spine and the heart and large vessels. Eneroachment upon over th
this space should suggest the possibility of an aneurysm or i passed
‘ mixture

mediastinal tumor. The drawing illustrates (Fig. 6) the nor-

mal relations.
The anterior position, the patient facing the observer

squarely (or at a very slight angle) is desirable for inspection of
the subdiaphragmatic portion of the esophagus and also for
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determining the position of lateral diverticula.

In making roentgenograms it is better to select that position
which during the sereen examination showed the conditions to
best advantage. For the oblique view the plate, taking the
place of the screen, should have the same degree of obliquity |
Plating in the anteroposterior view (Fig. 8), with

ordinary
comfort

(Fig. 7).
the patient’s back against the cassette,is advantageous for show- The bul
ing lesions of the epicardia. Plates 11 by 14 inches, or 14 by through
17 inches, should be used with the intensifying screen, and the unsatisf;
tube at a distance of 20 to 30 inches. By using a small cone Crun
and small plate, lesions which have been located exactly can packing
be shown with better definition. Many prefer to make plates liquor fo
with the patient recumbent, and we often make them in this way. is tied v
Variations of technie, both in screening and plating, can be proximal

The left empty h

improvised to suit the circumstances of the case.
little wa

posterior oblique position, which is the reverse of the right
anterior oblique, and the posterior position, the patient pharynx
Lateral positions, an irriga

facing the tube, are occasionally employed.

either right or left, are sometimes satisfactory if the patient be examinat

not too broad-chested. claimed
Different media may be used, such as fermented milk, bread-

and-milk, or any sort of porridge. The use of barium or bis-

can be s
It is staf

muth in capsules for determining obstruction is not advised. conditior
Capsules, whether large or small, behave as foreign bodies in In m
the esophagus, are swallowed with difficulty as a rule, and may ageal ex
lead to an erroneous diagnosis of obstruction. elucidate

In 1912 Myer and Carman® demonstrated the persistence patient |
of dilatation years after symptomatic cure of cardiospasm. gastric e;
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They employed for the demonstration a thin rubber bag tied
over the end of a rubber tube. The bag-tipped tube was
passed down to the cardia and then filled with a bismuth
mixture injected through the tube by a syringe. By this means
the dilatation could still be observed, both on secreen and
plate, though obstruction had ceased.

Later, Bassler® made use of the bag-tipped tube, which was
passed into the stomach, filled with water, and pulled up into
the cardia, thus blocking it. The esophagus above it and outside
the tube was filled with a bismuth suspension in order to de-
termine the presence of irregularities and lesions in esophagi
which were not sufficiently stenosed to show signs with the
ordinary technic. The method occasioned considerable dis-
comfort to the patient and caused retching and regurgitation.
The bulkiness of the bag and tube made it difficult to pass
through small strictures and, on the whole, the procedure was
unsatisfactory.

Crump* employs sausage-skins, as cleaned and prepared for
packing houses, which he keeps in a solution of 1 per cent.
liquor formaldehyd and 10 per cent. glycerin. The distal end
is tied with a piece of silk floss so as to make a bag. The
proximal end is slipped over a rubber tube and tied. The
empty bag is practically only a string, and, with the aid of a
little water, is swallowed by the patient, after cocainizing the
pharynx if necessary. It is then filled through the tube from
an irrigator with a bismuth emulsion and the roentgenographic
examination made. The skins are easily obtained and it is
claimed that by this method the exact extent of involvement
an be seen, and early as well as late lesions can be outlined.
It is stated also that it is especially applicable to non-stenotic
conditions.

In many instances it is advisable to supplement the esoph-
ageal examination with an examination of the stomach to
elucidate the symptoms complained of. In this event the
patient should have the usual preliminary preparation for
gastric examination and should be examined in the horizontal
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position, either supine or prone, or even in the Trendelenburg
position, for lesions high in the cardiac portion of the stomach.

The roentgenologist must expect frequent negative results,
even in patients whose history is fairly emphatic. Some of
these are perhaps merely neurotic; in others the trouble is
spasmodic and intermittent, and in these an examination is
usually negative unless made during an attack. Repeated
examinations are often necessary to show intermittent stenotic
conditions and to differentiate them from organic and
permanent obstructions,

Interpretation of esophageal findings, unless they are extra-
ordinarily typieal, should be cautious. If the examiner is
not thoroughly acquainted with the clinical facts in the case,
he had better report simply what he sees without attempting
to translate his observations into a diagnosis. He may say,
for example, that obstruction of a certain degree was noted,
with or without irregularity of contour at a certain point, or
report whether or not there is evidence of a lesion outside the
esophagus. The information may be associated by the clinician
with his own data and a conclusion formed. This eaution is
necessary because of the frequent roentgenologic similarity of

various esophageal lesions.

ANATOMICAL MEMORANDA

Directly after its beginning (the introitus) at the cricoid
cartilage, the esophagus swerves to the left so that it projects
slightly beyond the left border of the trachea. Above the bifur-
cation of the trachea it is pushed to the right and somewhat
posteriorly by the aorta. Passing behind the beginning of the
left bronchus it descends with the aorta which it half entwines
so as to lie in front of the aorta just above the diaphragm.
Running obliquely to the left, it passes through the diaphragm
at the hiatus esophagi, which is about at the level of the tenth
dorsal vertebra, and thence continues very obliquely to the
left into the stomach. The average total length of the esophagus
is about 25 em., of which 3 to 5 em., the epicardia, lies below the
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diaphragm. The ecaliber is somewhat irregular, one investi-
gator having noted thirteen slight constrictions in its course.
The anatomical points of narrowing that are of chief importance
are as follows:

1. At the introitus.

2. At the aortie arch.

3. At the crossing of the left bronchus.

4. At the hiatus esophagi.

5. At the cardiac opening.

The entire epicardia is distinetly narrower than the rest
of the esophagus.

THE NORMAL ESOPHAGUS AS SHOWN BY THE ROENTGEN-RAY

Movements.— The act of swallowing, as seen with the z-
ray, may be divided into two phases, a pharyngeal and an
esophageal. In the first phase the bolus is passed back into
the pharynx by the tongue, the intrapharyngeal pressure is
increased by contraction of the muscles of the pharynx until
the introitus relaxes, and the food is forced into the esophagus.
In the second phase the bolus passes rapidly down the esoph-
agus to the cardia, is held there momentarily, and then enters
the stomach. The rate and manner of descent vary consider-
ably with the consistence of the bolus, its size, form, taste and
temperature. The time required to complete the act of deglu-
tition varies all the way from two seconds to eight or ten.  Fluids
descend quickly, while solids travel slowest. Thin fluids go
down in an almost continuous stream; thick fluids and semi-
solids are broken up into detached finger-sized masses. The
latter, as a rule, hesitate at the narrowings mentioned, espe-
cially at the introitus, the crossing of the left bronchus and the
cardia. According to some observers, the delay at the cardia
consumes about half of the total time required in a single act of
swallowing.

Peristalsis.—The fluidity of the media customarily em-
ployed, the rapidity of the act of deglutition and the numerous
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anatomic irregularities of the esophagus combine to make the
detection of peristalsis difficult. The propulsive effect of
pharyngeal constriction at the commencement of deglutition
and the influence of gravity, especially as shown by the behavior
of fluids in the esophagus of a standing patient, add to the com-
plexity of this function and the difficulty of its analysis. How-
ever, esophageal peristalsis is frequently observed under both
normal and abnormal conditions. According to Holzknecht,®
the peristaltic wave occurs as a constriction ring about 1 em.
broad, driving the ingesta before it. Its speed has been stated
as 1 inch per second. Like that of the stomach, peristalsis
of the esophagus is subject to numerous normal and abnormal
rariations in force and frequency, but aside from the exaggera-
tion of peristaltic activity seen in stenotic conditions, cardio-
spasm, for example, and reverse peristalsis as noted in obstruet-
ive cases, these variations are seldom seen or regarded.

THE PATHOLOGIC ESOPHAGUS AS SEEN WITH THE ROENTGEN-RAY

Displacement.— Displacement of the esophagus in its course
may oceur as a result of aneurysm, pleural, pulmonary or medi-
astinal inflammations, mediastinal tumor, substernal thyroid,
vertebral diseases or deformity, or cardiac enlargement. Dis-
placement by an intrinsic lesion is relatively rare, although a
filled diverticular sac may push the esophagus aside.

Deformity of Contour.—Irregularities of contour may be
produced either by extrinsic or intrinsie conditions. Localized
filling defects may result from the pressure of an aneurysm or
mediastinal tumor. Retained food-bits in obstructive cases
may produce irregularities resembling those of a new growth.
The principal intrinsic lesions which alter the esophageal out-
line are carcinoma, benign stricture, cardiospasm and diverti-
culum. Unless there be rather marked stenosis, minor inden-
tations of the esophageal wall will hardly be visualized during
the brief transit of opaque media. In any event, the numerous
slight normal irregularities must be borne in mind. The deform-
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OBSTRUCTION 49

ity of contour produced by a diverticulum, showing as a pouch=
like addition to the esophageal lumen, can hardly escape notice.

Obstruction. —Stenosis is evidenced by retardation of the
opaque medium in its passage through the esophagus, by visible
narrowing of the lumen, sometimes by evident dilatation above
the strictured area and ocecasionally by exaggerated or reverse
peristalsis.  The degree of retardation will depend somewhat
upon the fluidity of the medium employed as well as the tight-
ness of the constriction. Opaque capsules should not be used,
for reasons previously mentioned. In seeking for evidences of
obstruction, regard must be had for the slight delay often noted
normally at the introitus, the left bronchial erossing and the
cardia and for physiologie factors affecting the rapidity of de-
scent.  With high-seated stenosis, regurgitation of the medium
may hinder visualization.

The commonest extra-esophageal eauses of obstruetion are

aneurysm and mediastinal inflammation or tumor. Other
extrinsic conditions sometimes causing compression are sub-
sternal goiter, vertebral lesions, aortie dilatation, tuberculous
glands and enlargement of the heart. Compression stenoses
almost always affeet the mid-portion of the esophagus. When
viewed in the oblique position the encroachment of an aneurysm
or aortic dilatation upon the retrocardiac space and its expansile
pulsation make the diagnosis possible. Vertebral deformity,
substernal goiter and cardiac enlargement show roentgenologic-
ally. The roentgenologic evidences of mediastinitis, mediastinal
tumor and tuberculous glands are less obvious, but the inereased
density without expansile pulsation is suggestive. Compression
stenoses are apt to be associated with displacement of the esoph-
agus, and this fact is important in differentiating them from
lesions of the esophagus itself. Obstruction due to outside
pressure, as by an aneurysm, is less marked than obstruction
from an intrinsic lesion.

Some of the intrinsic causes of obstruction are cardiospasm,
carcinoma, diverticulum, benign cicatricial strictures, foreign

bodies, polypi and reflex spasm. To these might be added the
4
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rare cases of abscess (as from a foreign body), syphilis, tuber-
culosis and actinomycosis. A large diverticular sac when
filled may exert sufficient pressure to obstruct the esophagus
considerably.

It is noteworthy that the patient’s dysphagia is often out
of proportion to the roentgenologie signs of obstruction. With
fluids or even with porridge there is often seen only slight delay
or none at all. Barclay® sometimes gives such patients dry
bread erumbs or erusts in order to excite spasm, and then follows
with the barium mixture to show its seat.

Dilatation.— More or less dilatation is a common sequel of
an obstruction. The most extreme dilatation is seen in cases
of cardiospasm, where the esophagus may attain a breadth of
three fingers or more. Dilatation above carcinomatous steno-
sis is commonly less marked than above benign obstruction.
A small, contracted, carcinomatous, syphilitic or high hour-glass
stomach may cause dilatation of the lower esophagus by the
backing up of the gastric contents.

The dilated esophagus consequent upon obstruction, espe-
cially that due to cardiospasm, often contains a quantity of
fluid secretion through which the barium falls slowly, often in a
winding manuer, at first suggesting the irregular lumen of an
esophageal carcinoma. Continued filling will indicate the
condition. In such ecases, evacuation with the stomach-tube
and reéxamination is advisable.

CARDIOSPASM

The chief roentgenologic characteristics of typical cardio-
spasm are the blunt or regularly conical obstruction at or near
the cardia, and the secondary dilatation of the esophagus above
it. The smooth, symmetrical termination of the shadow, usu-
ally at the hiatus esophagi, less frequently at the cardia, is
rarely seen in any other condition. The dilatation is often
extreme, involving almost the entire esophagus. It may thus
attain a capacity of a pint, or even more. In some cases, the
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CARDIOSPASM 51

dilated, sac-like esophagus may contain much fluid through
which the opaque meal falls in blobs. The dilated fluid-filled
esophagus is occasionally visible at the side of the spine, on the
screen before giving the barium. The upper esophageal con-
tour is fairly regular, but is sometimes indented here and there
by sharp, moving contraction-waves or, occasionally, by a
stationary spasmodie constriction. Because of the dilatation,
peristalsis

is not effective in its effort to propel the esophageal
contents into the stomach, and the patient depends upon
increasing the intra-esophageal pressure by adding to its con-
tents and by energetic contraction of the pharynx. Thus by
drinking a glass of water after taking food, he is often able to
overcome the obstruction at the cardia and drive the food into
the stomach. In cases of long standing the esophagus may be
elongated and somewhat kinked, or S-shaped.
Antiperistalsis has been noted and is a natural sequence of

more or les

obstruction anywhere in the digestive tube.

Cardiospasm is to be differentiated chiefly from ecarcinoma
and from benign organie stricture. Carcinoma of the lower
esophagus rarely produces stenosis limited to the hiatus esoph-
agi, but nearly always extends above the diaphragmatic
opening and, as a rule, the lower end of the barium shadow
tails out irregularly. Post-traumatie strictures sometimes oceur
in the lower esophagus, but here again one may expect irregu-
larity instead of the symmetrical cone of cardiospasm. However,
warning must be given that irregularity does not invariably
signify organie obstrucetion, nor doessmooth regularity invariably
indicate cardiospasm. Exceptionally a cardiospasm may show
a slightly devious tailing out, and exceptionally an organie
stricture may not give rise to an irregular shadow.

(Case 114,572, female, aged 27. During the past four vears this
patient has had intermittent attacks of discomfort behind the ster-
num while eating. The food seemed to lodge before entering the
stomach. Upon drinking hot water the food seemed to pass suddenly
into the stomach. Unless she remained quiet for a time after eating,
the meal came up just as swallowed without nausea. During the past
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two years she seldom took a meal without this trouble.  She drinks
large quantities of liquid with her food. Cold water causes distress

and is regurgitated immediately after swallowing. The patient is
constantly losing weight.

Roentgenoscopy and the roentgenogram (Fig. 9) show marked
obstruction at the cardia, where the esophageal lumen has a smooth,
conical termination.  Above the obstruetion the esophagus is con-
siderably dilated.

Fra. 9 —Cardiospasm. (a) Constriction. Note dilatation above.

Dilatation with the hydrostatic bag effected a clinical cure.

Case 111,736, female, aged 30. Fourteen years ago she began to
have occasional, sudden, sharp pain just behind the center of the
sternum, intense for a few moments, with no food relation and relieved
by belching. Two years ago she had a severe attack of vomiting and
soon afterward began to have a choking sensation on swallowing
solid foods. She frequently resorted to drinking water to foree food
down and beeame unable to eat a meal without taking considerable
liquid. Later she began to vomit while at meals, and often was
obliged to leave the table though hungry. There never was marked
nausea. One year ago she began having her stomach washed out, and
learned to use the tube herself, employing it once a week for the past
eight months. She discovered on one occasion that the tube could

v
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Fi1a, 10z.~Cardiospasm. Spasmodic constriction, a Filling-defeet due to food

remnants, b,

F16. 10y.—Cardiospasm; same case shown in Fig. 10z, after washing out esophagus.
Constriction at a.  Note absence of filling-defect.

T S S
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not be passed into the stomach and called a physician who made a
diagnosis of diverticulum. At present she vomits two or three times
at each meal, and often cannot get sufficient food into her stomach to
satisfy her hunger.  No pain is experienced.  Appetite good.  Weight
and strength slightly below normal.

Two roentgenograms are shown (Figs. 10z and 10y). Figure 10z,
made at the first examination, shows obstruction at the cardia with
an irregularity of its lower left border resembling the filling-defect of
a neoplasm. In order to exclude food remnants as the cause of this
appearance, the patient’s esophagus was washed out with the tube and
a second roentgenogram made (Fig. 10y). In this the filling-defect

Fia. 11.—Cardiospasm. Hiatus esophagi, @. Constriction at eardia, b. Some dilata-
tion of epicardia, @ to b. Marked dilatation above a. Direct anterior view,

has disappeared. Doubtless, therefore, it was due as was suspected
to food-bits. Both roentgenograms show the characteristic obstrue-
tion at the cardia with diffuse dilatation of the esophagus above.

Forcible dilatation was followed by clinical cure.

Case 105,770, male, aged 49.  When a child the patient’s esophagus
was burned with hot mush, after which he spat up bloody mucus for a
time. His chief complaint was difficulty in swallowing. He has had
his present trouble since the age of 14 years; first noticed that in eating
an apple, he had to drink water to force it down. This is true also with
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other solid foods. The patient states that he can feel the lower end
of the esophagus loosen up and let food go through. Usually water
alone will not go through and comes up sooner or later. He often
awakens at night and has to rid himself of collected saliva.  On a few
occasions he has had to empty his esophagus of food after eating
too heartily.

The roentgenogram (Fig. 11) shows marked obstruetion at the
cardia. The subdiaphragmatic portion of the esophagus is dilated,
but above the hiatus the esophageal dilatation is extreme and ex-
tends to the upper border of the sterum, the esophagus having a di-
ameter of approximately 315 inches.  The cardiospasm was relieved

Fig. 12.—Cardiospasm. Spasmodie constriction at a

by forcible dilatation with the hydrostatic bag. It is of interest to
note, as a possible etiologic factor, that for some years the patient had
also had symptoms suggesiive of duodenal uleer. About two years
after the esophageal stretching, the presence of a duodenal uleer was
confirmed by roentgen examination, and verified at operation.

Case 136,926, male, aged 3:. In a letter this patient related a
typical history of cardiospasm, as follows: “I have had all manner
of treatment but it seems to do no good. Twelve years ago I had a
bougie passed down my throat and into my stomach once a day for
thirty days. Then I took all kinds of vibration and electrical treat-
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wGs, 13, 14, 15, 16, 17

ments wi
lot of wa
not go th
well.”

In th
tion with
nounced
six hours,
bag, reco

The
nomata
that they
bifureati
and mos

The
the x-ra;
Those w]|
rule, by
the stenc
less marl
been nots
cancer of
the latter
logic reta

The «
difficult,
acacia mi
growth, 1|
numerous
have note

Obstr
organic a
In any of
lumen, th
diverticuls
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ments without benefit,  Whenever I eat anything I have to drink a
lot of water to push it through into the stomach. Sometimes it will
not go through but comes back up again.  Otherwise, I am apparently
well.”

In the roentgenogram (Fig. 12), is seen the characteristic obstrue-
tion with dilatation of the esophagus above. The spasm was o pro-
nounced in this patient that half the motor meal was retained after
six hours,  Following dilatation of the constriction by the hydrostatie
bag, recovery was complete.

CARCINOMA

The situation in order of frequency of esophageal carci-
nomata has been variously stated.. On the whole, it appears
that they are exceedingly rare from the introitus to the tracheal
bifurcation, are more common below the tracheal bifurcation
and most common in the cardiac portion.

The facility with which esophageal cancer can be shown by
the x-ray depends largely upon the degree of obstruction.
Those which are decidedly obstructive are characterized, as a
rule, by tortuous irregularity of the stenosed lumen. Above
the stenosis there may be some dilatation, but this is usually
less marked than in benign obstruction. Antiperistalsis has
been noted above the point of obstrucetion. In some cases of
cancer of the esophagus not involving the cardiac opening,
the latter remains gaping, without produeing the usual physio-
logie retardation of the material swallowed.

The detection of early, non-obstructive cancers is more
difficult. The esophageal contour, outlined by the barium-
acacia mixture, will show filling-defects proportionate to the
growth, but these must be carefully differentiated from the
numerous normal irregularities. In a few instances, observers
have noted reflex esophageal spasm accompanying early cancers,

Obstruetive carcinomata must be differentiated from benign
organic and spasmodice strictures and from pressure stenoses.
In any of these there may be irregularity of the esophageal
lumen, though less constantly than in carcinoma. Rarely, a
diverticulum may somewhat resemble the roentgenologic as-
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pects of esophageal cancer, and diverticula may result from
obstructive cancer. In many ecases of carcinoma the only
roentgen sign found will be some degree of obstruction and a
complete diagnosis can be made only by taking the eclinical
features into account.

Case 113,484, male, aged 64. For three months he has had a per-
sistent dysphagia, increasing in severity. At present he can swallow
no solid food and takes semi-solids and liquids with difficulty. He

Fig. 19.—Carcinoma of the esophagus. Filling defect and obstruction a.

regurgitates stringy mucus., Attempts at swallowing cause some pain
under sternum radiating to back. He has lost 45 pounds in nine
months, mostly in the last three months, and has grown weaker,

The roentgenogram (Fig. 19) shows obstruction and irregular
filling-defects in the mid-portion of the esophagus. The denser shad-
ows are produced by a retention of the six-hour meal, while the thin-
ner shadow above is the barium gruel taken at the time of examina-
tion. Esophagoscopy showed a cauliflower carcinomatous growth in
the middle third of the esophagus.

Case 120,943, female, aged 34. Patient states that when a child
three years old she swallowed some acid used by tinners in soldering.
She does not remember any subsequent trouble in swallowing until

Fia

Fig
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Fig. 20.—Carcinoma of the esophagus. Stenosis with irregular filling
defect, a

Fra. 21.—Carcinoma of the esophagus. Irregular obstruction at a.
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one vear ago when attempts to swallow large bits of meat caused chok-
ing.  Eight months ago the dysphagia began to be constant and
mouthfuls of food were regurgitated. She is now able to take
liquids only. She has lost about 30 pounds during the last eight
months,

The roentgenogram (Fig. 20) indieates irregular obstruetion in the
middle third of the esophagus, without marked dilatation above.

Fia. 22.—Carcinoma of the esophagus. Infiltration and obstruction, a. Pulsior
sae, b. Bismuth in left bronchial tree inhaled while swallowing, e.
Esophagoscopie  examination: Growth in the middle third of
esophagus, thought to be carcinoma.

217, male, aged 67, Six months ago began to hiccough

Case 1d
at meal time.  Nothing further was noticed until three months ago
when he began to have dysphagia, the pain being referred to the upper
sternal region. Later, attacks of vomiting commenced, and these
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Fra. 27, Fia. 25,
Fias. 23, 24, 25, 26, 27 and 28, Illustrative cases of cancer of the esophagus.
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have continued, much mucus and unsoured food being ejected with
the vomit. Weight loss, 20 to 30 pounds.

Roentgenogram (Fig. 21). Obstruction at the lower third is well
marked. The irregularity of contour was clearly seen on the screen.

Case 44,345, female, aged 46. Ten months ago she had difficulty
in swallowing which diminished for a month, then increased until for
the past three months she has been unable to take solid food. The
food seems to stick at about the upper border of the sternum, and is
quickly regurgitated. Weight loss, 25 to 30 pounds.

The roentgenogram (Fig. 22) shows: (a) Irregular obstruetion high
in the esophagus, (b) pulsion sac, (¢) bismuth in right bronchial tree,
inhaled during attempts to swallow.

DIVERTICULUM

The classification of diverticula into ““ pulsion’ or ““ pressure”
sacs and “traction” sacs is generally accepted. The pulsion
sacs, which are by far the most numerous, are produced by
internal pressure and occur nearly always at the pharyngo-
esophageal juncture (the introitus) where there is a tendency to
deficient musculature, and where anomalies in closure of the
lower branchial clefts may play a part. Traction sacs result
usually, it is claimed, from gland infection about the left
bronchus, are rare, have few symptoms, and are generally
found at autopsy only. Pulsion diverticula commonly have a
lateral or posterior situation. In size, diverticula vary from
that of a pea to that of a very large pear. When filled with the
opaque mixture, a pulsion diverticulum commonly shows on
the screen or plate as a symmetrical sac with a smooth, rounded
base. In exceptional instances, the sac may appear to be some-
what irregularly shaped and retained food bits may give rise
to such irregularity. Its fluid contents have a level upper
surface. Its position with reference to the esophagus can be
determined usually by the course of the barium through the
latter, but the introduction of an opaque bougie into the eso-
phageal lumen will show the relations better on the screen or
in the roentgenogram. The sac or its major portion lies below
its opening into the esophagus, at which point the overflow
drainage into the esophagus can sometimes be observed.
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Dilatation above a high-seated carcinoma or benign strie-
ture may somewhat resemble a diverticulum, and this resem-
blance is heightened if the dilatation has become pendant so
that it no longer drains from its lowest point. In carcinoma
the strictured lumen below the dilatation is commonly irregular.
It is noteworthy that diverticula rarely become carcinomatous.

Case 116,535, male, aged 55. Seven vears ago he began to have
oceasional attacks of choking with food, and at times when lying down

Fia. 29.—Diverticulum of the esophagus, a.

felt as if an object were rising in his throat with a bubbling sound
then falling back again. The choking inereased in severity until two
years ago. Since then it has diminished, but the amount of food he is
able to take has also diminished. When the pocket fills, its contents
are often regurgitated through his mouth and nose two to five times
during a meal. At night food in the sac causes distress. During the
past year he has formed the habit of taking a swallow of water and then
expressing the contents of the sac by massage with the finger, which
enables him to sleep with comfort. He is obliged to chew his food
well and swallow slowly. To him it seems that no food goes into his
stomach until the pocket is filled, and then there is a choking sensation.
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There has been an inereasing change in the tone of his voice since the

trouble set in.

During the sereen examination, the pocket shown in the roentgeno-
gram (Fig. 29) was seen to fill with the barium gruel after which the
gruel trickled down the esophagus, showing that the sac was a diver-
ticulum. Note the characteristie situation and contour,

Finding at operation: Diverticulum, size of lemon, coming off the
left side near ericoid.  Excision of sae.

Case 2492, male, aged 55.  For eleven years the patient at times

has had regurgitation of food immediately after eating. The trouble

F16. 30,—Diverticulum of the esophagus, a

has grown worse during the past two years, and although he has a good
appetite he cannot eat with satisfaction. Food regurgitates through
the nose occasionally. He has kept to his bed for the past ninety
days, has lost strength and his normal weight of 135 pounds has de-
clined to 90 pounds,

The roentgenogram (Fig. 30) shows a very large, kiduey-shaped,
diverticular sac coming off to the right and extending upward, because
of less resistance in that direction. It gives the impression that the
esophageal opening is lower than the highest portion of the sac, but
this is due to the fact that the neck of the sac and the esophageal open-
ing, which is higher up, are not visualized.

Operative findings: Diverticulum, right side of esophagus, lying
under sternum,
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Case 99,346, male, aged 66. Dysphagia with regurgitation began
six years ago. This has continued, but by eating slowly he gets along
fairly well.  To him the seat of obstruetion seems to be just below the
cricoid. Liquids give more difficulty than solids,

Roentgenogram (Fig. 31), oblique view. Small diverticular sac
coming off opposite the ericoid,

Fia. 31,.—O0blique view of small esophageal diverticulum, a,

CICATRICIAL STRICTURES

Cicatricial stenoses may be the result of a healed uleer,
either simple, tuberculous or syphilitic, or of a trauma, such as
results from drinking caustic liquids. In traumatic cases the
stricture may not cause dysphagia until many years afterthe
receipt of the injury. Such strictures may occur at any point
in the esophagus. Often the esophageal lumen above the
stenosis is slightly dilated and shows a rounded, smooth, sym-
metrical termination, from which a thin stream of barium
trickles through the stenosis. Thus, if seated high up, the
condition may be mistaken for a diverticulum, but in the latter
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Fia. 36. Fia. 37.

Fres. 32, 33, 34, 35, 36 and 37.—Ilustrative cases of diverticulum of the esophagus.
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Fia. 42, Fia. 43.
Fics. 38, 39, 40, 41, 42 and 43.—Illustrative cases of diverticulum of the esophagus.
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instance the drainage is from the upper part of the sac and not for se
from the bottom as in stenosis. tln-«:«:

Other than the finding of obstruction with dilatation above ‘_‘“plhl:
it, both of which of course, vary in degree, the roentgenologic Stiiot

appearance of benign organie stenoses is not especially character- esophi

istic, and differentiation from other obstructive conditions will ('a
a strol
-
A
' l 2
Fia. 44 Indention due to aortic arch, a.  Benign stricture of the esophagus with
barium trickling through, b,
depend upon the history and upon data elicited by other )
thing 1
means.
hour a
Case 118,020, female, aged 50.  When five years old this patient X l“"
swallowed lye.  During childhood she had some difficulty in swallow- of ‘(]‘(
ing, but gradually grew better, although she has always had to mas- ¢ G
ticate food well or it would stick. Seven years ago she thought some- m, i
thing lodged in the stricture, as she was obliged to take liquids only strictu
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for several weeks. A similar attack came on rather suddenly about
three weeks ago.

The roentgenogram (Fig. 44) shows marked constriction of the
esophagus opposite the aortic arch, with barium trickling through the
stricture. The indentation caused by the arch can be noted. The
esophagus is somewhat dilated above the stenosis,

Case 117,800, male, aged 215 years. Eight months ago he drank
a strong solution of lye.  Sinee then he has been unable to retain any-

Fia, 45.—Benign obstruction of esophagus, Stricture at a.

thing but milk. Solid food is vomited in from a few seconds to one
hour after eating.

The roentgenogram (Fig. 45) shows obstruction in the middle third
of the esophagus, with dilatation above.

Case 122,779, female, aged 38,  Two weeks after gastroenterostomy
for a duodenal ulcer the patient developed marked dysphagia. A
stricture was found by the esophagoscope. Later, a gastrostomy was
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performed. At this time no evidence of malignaney was found, but
the cause of the stricture was never determined.
Roentgenogram, Fig. 46. Stricture in lower third of esophagus,
smoothly regular, and evidently not malignant.
SPASM
Aside from spasm at the cardia, spasm may occur also any-
where along the course of the esophagus, with more or less

consequent obstruction.  Such spasm has been seen as a reflex

F1a. 46.—Benign obstruction; barium trickling through stricture at a.
from early carcinoma. By analogy one would expect spasm
of the esophagus as an occasional reflex from gastrie irritations,
just as gastric spasm is sometimes seen in duodenal irritation.

Barclay? holds that a small esophageal abrasion or ulcer may

set up a spasm of such severity and persistence that complete
obstruetion may result, and he mentions a case of this character
in his experience. He believes that simple or peptie ulceration
of the esophagus is of more frequent occurrence than is com-
monly taught. Transitory reflex spasms are not likely to be
demonstrated, unless the examiner is unusually fortunate.
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FOREIGN BODIES

The foreign bodies which are now and then found lodged
in the esophagus include coins, dental plates, bones, pins,
buttons, rings and the innumerable things which most children
and some adults put into their mouths. The point of lodge-
ment may be anywhere in the esophageal course, though more
often at the anatomie narrowings, such as those at the aortic
arch and the introitus. Arrest of a foreign body may be due
to an organic stenosis.  Demonstration of a foreign body by the
roentgen-rays depends upon its size and density. Small bones,
bone buttons and cartilage are not easy to detect even on the
plate. Roentgenoscopic localization of non-opaque bodies may
sometimes be aided by giving the barium mixture and discover-
ing the point where the stream is obstrueted or turned aside.
An illustration of this is seen in Fig. 47.

Case 101,410, male, aged 2'5 years. Eleven days previously he
had swallowed a coin which caused vomiting and some bleeding from
the nose.  Since then he has been unable to swallow anything exeept
liquids.

The roentgenogram (Fig. 47a) shows foreign body (coin) high in the
esophagus.  This was definitely determined by sereening the patient
in the oblique position.

MISCELLANEOUS ESOPHAGEAL LESIONS

Although they have no diagnostic roentgenologic signs,
there are conditions, other than those mentioned above, the
possibility of which the roentgenographer must bear in mind
in drawing conclusions. Cases have been seen of paralysis of
the gullet in which the patient, while unable to swallow solids,
could take liquids readily. Fistulous communications between
the esophagus and the trachea or bronchus exist occasionally,
occurring as a result of wall-destruetion by ecarcinoma (Fig.
48), tuberculosis, abscess or foreign body. In such cases, the
fistula may be traced by the course of the opaque mixture, but
this method of examination, because of its obvious possibilities
for evil, is hardly to be recommended when the history is
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REFERENCES 7:
indicative of the condition. Esophageal piles may give symp-
toms of obstruction, but no eases with roentgenologie signs have
been reported. The authors have seen one case of bulbar
palsy in which the barium lagged both at the introitus and at
the cardia.  Although infrequently met with, esophageal polyps
sometimes exist,  Stewart® deseribes them as having their
situation high in the esophagus, being usually pedunculated
and sometimes of considerable size. Roentgenologicallyfthey
simply give signs of obstruetion.

Fia. 48.—The irregular stenosis due to the eancer is seen at a.  Below this is seen the
fistulous tract through which barium has passed into the main trank of the left hronehus,
b, and its lower branches e.  Verifieation by antopsy
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CHAPTER V
THE STOMACH
TECHNIC

The examination of the stomach comprises four steps, as
follows: (1) preparation of the patient; (2) administration of
a six-hour meal; (3) roentgenoscopic examination; and (4)
roentgenography.

Preparation.—On the evening previous to the day of exami-
nation, the patient is permitted to eat his evening meal as usual,
or the special meal preseribed by the gastroenterologist if the
gastric contents are also to be examined. He is instructed to
omit breakfast the next morning, and either go first to the
gastroenterologist for examination or come directly to the
roentgen laboratory.

The Six-hour Meal.—At the laboratory the patient is given
4 ounces of well-cooked wheat breakfast food in which has been
stirred 2 ounces of barium sulphate. To this he may add milk
(not cream), and a little sugar according to his taste. He is
directed to abstain from other food or drink, except water,
until the examination is completed.

Roentgenoscopy.—Six hours later he returns and is taken to
the sereen room. If the patient be a man he is stripped to his
hips; if a woman, she is permitted to wear a thin garment. The
patient takes his position in front of the vertical screen apparatus,
with his back against the celluloid panel. The operator sits
on a stool in front of the patient and sereen. By means of the
foot-switch, the room-illumination is turned off and the rays
turned on. First, the chest is briefly inspected. Next, the
position and distribution of the six-hour meal are noted. Then,

75




76 THE STOMACH

the patient takes a mixture of 8 ounces of water and 2 ounces of
barium sulphate, freshly stirred. While he is drinking this
the canalization, that is to say, the manner in which the ingested
stream descends to the lower portion of the stomach, is observed.
If there is doubt that a given shadow from the six-hour meal
represents a gastric retention, the observer notes whether or
not the barium-water merges directly with the suspected
shadow. When the patient has finished drinking, the contents
of the stomach are first driven by the pressure of the operator’s
hand toward the fundus to outline its contour. Then the con-
tents are pressed toward the pylorus. Some of the barium-
water usually is forced out into the duodenum and in this way
the location of the pylorie ring can be determined.

The patient is next given a second mug containing 12 ounces
of corn-starch-pap with barium (see page 27). When this
has been drunk, the filled stomach is inspected and its general
form, contour, size, position, mobility, flexibility and peristalsis
noted, the patient being rotated for different angles of view,
and palpatory manipulation being employed as necessary.
The oblique view is never omitted, since by this means lesions
on the anterior or posterior wall are sometimes discovered when
they would fail to show in the postero-anterior view. The
tube-box diaphragm is used freely, narrowing the aperture for
close study of particular regions. During the screen-examina-
tion, special attention is directed to the pyloric portion of the
stomach because it is not always well outlined on the plate.
If the barium tends to settle away from the pylorus, the ingesta
are driven toward the pyloriec end by manual pressure. Nole is
taken of the volume and characierof the flow through the pylorus,
whether scant or copious, intermittent or continuous. The ob-
server follows peristaltic waves from their commencement to their
termination, noting whether they continue without interruptionto
the pylorie ring, and observing their depth on each curvature.
Antiperistalsis is watched for, since its presence is almost alw:
associated with a pathologic condition either of the stomach or
duodenum.

It is seen most often in the obstructive lesions at or
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ROENTGEN ANATOMY 7
near the pylorus.  If peristalsis is apparently absent, the observer
waits a bit for its appearance. Likewise, when duodenal ulcer is
suspected, the study is continued intermittently for several
minutes, if necessary, in order that sufficient time may elapse
for hyperperistalsis to appear. If pathologic conditions involv-
ing the upper gastric pole are surmised, the patient is examined
also on the fluoroscopic table. Here the dorsal position offers
the better opportunity for palpation, but the patient is examined
prone and at various angles in addition. When the screen-
examination is concluded, the findings are entered on the blank
previously mentioned (Fig. 1).

Plates.— Plates are made immediately after the screen-
examination is completed. The patient lies prone upon the
cassette, the tube at his back and 18 or 20 inches distant from
the plate. He is instructed to remain perfectly still and refrain
from breathing during the exposure. Eleven by 14-inch plates
are used as a rule, but by careful posing 10 by 12-inch plates
will often suffice.  The 8 by 10-inch size is used generally for
serial or multiple plates of the pyloric and duodenal regions.
In making plates of the patient lying prone, he is supported
by cushions under his chest and thighs if his abdomen is promi-
nent, in order to prevent undue abdominal pressure and con-
sequent distortion.  Lesions high in the cardia are sometimes
better shown by plates made with the patient on his back or
even in the Trendelenburg position. Plates are easily made
with the patient standing, and this is done often, though the
upper portion of the stomach is not usually well outlined.

The plates are compared with the sereen-observations as
noted on the fluoroscopie sheet, and the net findings are entered
on the permanent record sheet (Fig. 2).

ROENTGEN ANATOMY

The barium-filled normal stomach as seen on the screen or
plate differs in many respeets from the stomach deseribed in
most textbooks of anatomy. However, this does not warrant
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the conclusion that the textbooks are wrong and that the roent-
genologic stomach is an absolute standard. Indeed it has been
urged, and with reason, that the roentgen stomach is to some
extent an artefact, that the differing stomachs shown at autopsy,
in the opened belly of the living, and by the x-ray, represent
nothing else than different conditions of the organ according
to the degree of filling, the character of the filling material,
whether food, fluid, air or barium, the contraction of the gas-
tric musculature, the degree of rigor mortis, the changes caused
by opening the abdomen and, finally, the conformation of the
neighboring organs. But the roentgenologist need not concern
himself with absolute standards; he is interested rather in
roentgenologic bases of comparison.

The stomach deseribed and illustrated in textbooks of
anatomy is characterized by the'extreme breadth of its eardiac
end, the fundus, and the convergence of its walls to form a
narrow pylorie portion. The majority of stomachs as observed
by the aid of the roentgen ray and with the patient standing do
not show this wide difference between the diameters of the car-
diac and pyloric segments.  On the contrary, the usual roent-
genologic hook-form stomach is tubular rather than bulbous,
and its pylorie portion, except, of course, immediately at the
pylorus, is almost as broad as its cardiac portion. Further, it
occupies a position which is largely vertical, instead of largely
transverse, as customarily shown in anatomical drawings. A
relatively infrequent form of roentgenologic stomach, the steer-
horn, does lie rather erosswise, but it bears little resemblance
otherwise.to conventional illustrations of this organ.

Anatomists customarily divide the stomach into two parts

a cardiac portion (fundus) and a pyloric portion—some roent-
genologists follow this division. Others prefer to speak of a
vertical (cardiac) portion and a horizontal (pyloric) portion.
This is applicable to certain types of stomach. Most divisions
are based on the hook-form of stomach, and one of these dis-
tinguishes descending, transverse and ascending portions. A
convenient division is that used by many roentgenologists, by
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which the stomach is divided into pars cardiaca, pars media
and pars pylorica. The accompanying drawings illustrate these
divisions inboth the common forms of stomach (Figs. 49 and 49q).

The pars cardiaca (fundus; fornix; antrum cardiacum) may
be regarded practically as the upper third of the stomach.
According to some, its lower limit is marked by the incisura

Fra. 49.—Steer-horn stomach

cardiaca, the angle above the junction of the esophagus with
the stomach. However, the incisura cardiaca is frequently
confounded with a shallow indrawing sometimes seen at a
considerably lower level on the greater curvature. The pars
cardiaca fits snugly under the left arch of the diaphragm. It
contains the gas-bubble (magenblase) within its upper convexity.

Fia, 49a.— Fish-hook stomach,

When the stomach is filled, the base of the gas-bubble is marked
by the horizontal plane at the upper surface of the gastrie
contents. Near the level of this plane, on the lesser curvature,
is the esophageal opening.

The pars media (body; corpus; pars intermedia) extends
from the pars cardiaca to the incisura angularis. The incisura
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angularis is well marked in the fish-hook stomach, in which it
is constituted practically by the most dependent portion of the
lesser curvature. With the institution of peristalsis the incisura
angularis is deepened by the peristaltic wave, which passes on
and is succeeded by another wave that renews and deepens the
incisura. But it is inaccurate to coneeive of the incisura angu-
laris as a permanent, non-moving indentation due to museular
contraction. This notion is doubtless related to the idea of an
“antral sphincter,” which is open to question, as will be seen
hereafter. The pars media of the fish-hook stomach descends
vertically, or a little obliquely to the right, from the pars
cardiaca. Its walls are largely parallel. The pars media of
the steer-horn stomach courses obliquely or transversely to the
right from the pars cardiaca, and its walls tend to approach each
other progressively, to its junction with the pars pylorica.

The third segment, the pars pylorica, is the smallest of the
three divisions. It narrows somewhat from its beginning at
the incisura angularis to its termination at the pylorie ring. In
the fish-hook stomach it occupies a rather vertical position, while
in thesteer-horn it lies either transversely or obliquely downward.

The term antrum (antrum pylori; antrum pyloricum) is
often applied to the bulbous expansion of the pars pylorica in
front of a peristaltic constrietion. Thus its size is variable.
In its largest extent it includes the whole pars pyloriea, with
which the term is sometimes used more or less synonymously.

The pyloric ring shows as a hiatus in the barium shadow,
approximately from an eighth to a quarter of an inch in breadth,
between the pars pylorica and the duodenal bulb. When the
pylorie sphineter relaxes, the barium flowing through it shows
the pyloric canal, centrally placed, and of varying width accord-
ing to the degree of sphineterie relaxation.  While usually the
pylorie hiatus can be demonstrated, it may not be observed
because of an overhanging bulb, failure of the barium to pass
the sphineter, or an unfavorable angle of view.

The pars cardiaca and pars media of a fish-hook stomach
are sometimes spoken of as the descending arm, and the pars
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pylorica as the ascending arm. The length of the ascending
arm, and hence the height of the pylorie opening above the
lowest point on the greater curvature, is the hubhihe of Haudek.
The upper pole of the stomach is the dome of the pars eardiaca,
while the lower pole is the most dependent are of the greater
curvature,




CHAPTER VI
THE NORMAL STOMACH

It is rather trite to say that a knowledge of normal eondi-
tions as revealed by the roentgen-ray is essential to a proper
understanding of abnormal conditions.  Yet this general truth
applies so accurately and specifically to the roentgenology of
the stomach that its reiteration is never amiss,  The ironical
aphorism is sometimes ventured that there is no normal
stomach. By this is meant, of course, that there is no standard
normal roentgenologic stomach.  Stomachs which are markedly
dissimilar in their roentgenologic characteristics may each be
appropriate for its possessor and funetionate in a normal manner.
Nevertheless, while the appearances of the stomach as seen in
the roentgenogram are almost protean, these variations have
limits, even though wide, which can be determined in a general
way.

In determining whether or not a given stomach is normal,
account must be taken of its length, breadth, capacity, contour,
position, form, tonus, mobility, peristalsis and motility. Now
these numerous and varying factors not only mutually affect
each other, but they are also modified markedly by the general
body-form-—the habitus—of the individual. Whoever has
examined a large number of stomachs and noted their relation
to frame-structure must certainly feel that the stomach nor-
mally corresponds to the type of body, just as facial character-
isties distinguish races.  The general “build™ of the individual
thus becomes a matter of prime importance.

Habitus.— Stiller' has emphasized the enteroptotie habitus
(asthenie or atonie habitus, asthenia universalis congenita), and
its relation to disorders of the abdominal and thoracie viscera.

Extreme mobility of the tenth rib is a stigma of the enteroptotic
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habitus, which is further characterized grossly by a slight
skeleton, a long narrow, shallow, sunken thorax, steeply falling
ribs, wide intercostal spaces, an acute epigastrie angle, a thin,
weak musculature, a poor panniculus, and pallor of the skin.
This habitus is prone to visceral ptoses and “ vegetative neuras-
thenia.” The stomach of an enteroptotic person is usually a
long, eapacious, vertically lying, relaxed, pendulous sae.

Contrasting strongly with the enteroptotie, is the broad,
or apoplectic habitus, with its robust frame and musculature,
its short, elevated, broad and th'v[) thorax, ribs running almost
horizontally to the sides, narrow intercostal spaces, and obtuse
epigastric angle. In the broad habitus the stomach is main-
tained at a high level in the abdomen, is relatively short and
small, and tends to lie obliquely or transversely.

Jetween these extremes is the normal habitus, neither broad
nor enteroptotie, vary ing within these limits, and l\.‘ll’l“_'\ capable
of exact definition. In the normal habitus the stomach is of
medium length and eapacity, and lies vertically or a trifle
obliquely in the abdomen.

Taking the epigastrie angle—the angle between the costal
margins, with the ensiform at the apex—as a measure, Stiller
classifies an angle of twenty-five degrees or less as enteroptotic,
fifty to eighty degrees as normal, and one hundred and twenty
to one hundred and forty degrees as broad.

The photographs herewith show the three types of habitus
with their accompanying types of stomach.  During the sereen
examination the outline of the stomach was drawn on a glass
plate with soft erayon, marking also the epigastrie angle, the
umbilicus and the aaterior superior iliac spines. The drawing
was then transferred to paper by eontact with pressure, and this
in turn was applied to the patient’s abdomen. The outline
was then filled in with lamp-black to indicate the barium-filled
portion of the stomach, and the patient was photographed.

Figures 50 and 51 illustrate two examples of the normal
habitus. The man, in Fig. 50, has a typically normal build.
His stomach is of moderate size, and the lower pole is exactly
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at the umbilicus.  The woman, in Fig. 51, may also be rated

as of the normal habitus, though there is an inelination to the

Fig, 50.—Normal habitus, Fig. 51.—~Normal habitus, inclining to
the broad

Fra. 52.—Broad habitus.

broad type. Her stomach is of medium size. The pylorus is
not much above the level of the lowest sweep of the lesser curva-

ture. The lower gastrie pole iz at the umbilicus. The man
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shown in Fig. 52 is a definite example of the broad habitus.
His musculature is well developed, his chest broad, and his

trunk short. His stoinach is quite in keeping with his body

FiG. 53.—Enteroptotic habitu FiG. 54— Enteroptotic habitu

moderat

Fia. 55.—Low stomach, the result of abdominal relaxation rather than

enteroptotie habitus

form, and sweeps in a broad curve across the upper abdomen.
The woman in Fig. 53 has the typical enteroptotic habitus.
Her musculature is poorly developed, and her trunk is long and
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narrow. Her stomach is likewise long and its lower pole is well
down in the pelvie basin.  The man in Fig. 54 also is enterop-
totie though of less pronounced degree.  His stomach is quite
long and broad, and its lower pole is a handsbreadth below the
umbilicus.

The Abdominal Wall.-—A second factor which modifies the
form and position of the stomach is the tension of the abdominal
wall.  With a wall of good tone, other things being equal, the
stomach and abdominal viscera will be held up at a higher
level than if the wall be lax. The markedly flaceid belly, fre-
quently seen in multipara, or after the removal of large tumors
or ascitie fluid, is often accompanied by extensive ptoses. In
Stiller's® opinion, the flaccid abdomen has been confounded by
some roentgenologists, Holzknecht, for example, with the habitus
enteroptoticus, which latter Stiller limits to a congenital form
of body with a flat, rather than pendulous belly.

Fig. 55 illustrates the effect of relaxation of the abdominal
wall.  The woman can hardly be deseribed as of the enteroptotice
habitus. She is beyond middle age and has borne children.
Her abdomen is lax and pendulous, and her stomach is corre-
spondingly long and low-placed.

The tension of the abdominal wall varies not only with its
general tone but also with its degree of active contraction as
determined consciously or unconsciously by the patient himself.
During examination a phlegmatic person is likely to show his
natural and accustomed abdominal tension, while a nervous
or apprehensive individual is apt to contract his abdominal
muscles strongly.

Gastric Tonus.—A third factor affecting the form, position
and size of the stomach is the tone of the gastric musculature—
its capacity of contracting upon and adapting itself to its con-
tents. However, gastric tonus is judged, from the roentgeno-
logic standpoint, largely by the gastrie form, position and size,
all of which are widely influenced by the habitus, the abdominal
tension and other elements. The subject of tone will presently
be considered further.
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Finally, the form and position of the stomach are influenced
to some extent by the conformation of adjacent organs, by the
character of the filling material and by its amount.

Thus, the attributes and appearances of the roentgenographie
stomach are so closely interrelated that a roentgenologic esti-
mate of any single quality is comparative rather than absolute,
and only valid in proportion to the carefulness with which all

Fia. 56.—Normal steer-horn stomach

contributing elements are considered. Nevertheless, by usage,
certain arbitrary bases of comparison have become established,
which are convenient, and which will not mislead if they are
considered in association with each other.

Form.—As a rule, the normal adult stomach takes one of two
general forms, the steer-horn or the fish-hook.

The steer-horn stomach, so-called because of its resemblance
to the horn of a steer, occurs much less frequently than the fish-
hook. The steer-horn is seen normally in association with the
broad habitus, whether in man or woman, although this type
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of body is seen most commonly in males.  Relatively small, as

a rule, it is broadest at the fundus and narrows progressively t
to the pylorus which is its most dependent portion. It occupies [
an oblique, sometimes almost transverse, position and lies t
well above the umbiliens (Fig. 56).
Fia. 57. Fia. 58.
a0, TG, 60,
Fras, 57, 58, 59, and 60.—Normal stomachs of steer-horn form.

a
The fish-hook is by far the most common form of stomach s

met with. It resembles a hook or the letter J. It descends more
or less vertically from the diaphragm, curves across the spine,
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and ascends to the pylorus, which latter lies above the level of

the lowest point on the lesser curvature. It is the usual associate

of the slender and the normal habitus, but may oceur also with

the broad habitus (Fig. 61).

form

Fia. 61.—Normal stomach of fish-hook

Between the typical steer-horn and typical fish-hook, forms
are sometimes seen which are difficult to elassify, as they possess
some of the characteristies of both (Fig. 70). Further, what
seems to be a steer-horn with a small amount of ingesta, may

assume a fish-hook form if its contents be inereased, either
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because of the sagging produced by the additional weight, or
its lengthening to accommodate a greater volume.
Holzknecht® has defined the normal stomach as one which in the

upright position and a filled condition has the pylorus for its lowest
point, which is above the umbilicus, It is of steer-horn form with a

Fira. 62 Fia. 63

. 64, Fra. 65,
Fies. 62, 63, 64 and 65.—Normal stomachs of fish-hook form.

broad, vertical, eardiae portion and a narrow, horizontal pylorie seg-
ment. Holzknecht states repeatedly that the pylorus should be the
lowest point, on the ground that this is the optimum for its function.
His observations were made in 1906 and are not necessarily represen-
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tative of his present views. However, this may be, Cannon® points
out that l||i~rn[n-<-|xlinn of the normal stomach rests upon the assump-
tion that the stomach is emptied by gravity drainage. Cannon holds
that the contents of the alimentary canal are in exact equilibrium, even
in the standing position, that “drainage’ in the common usage of that
term is impossible, and that muscular contraction is necessary to move
food onward through the alimentary eanal.

"3‘».

Fia. 68. Fra. 69,

Fras. 66, 67, 68 and 69.—~Normal stomachs of fish-hook form.

Certainly the steer-horn form of stomach is so rare that if this be
the only normal stomach then more than 90 per cent. of all stomachs
must be abnormal.  We find it difficult to believe this, since hundreds
of fish-hook stomachs which we have examined were found to be ana-
tomically normal at exploration during the course of an abdominal
operation for other conditions. In short, we feel that, barring ex-
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treme exaggerations, the general form of the stomach has far less
significance than the manner in which it performs its functions.

Tone.—According to Schlesinger’s” classification, which has
received rather general acceptance, four varieties of tonus are
distinguished—the orthotonic, hypertonie, hypotonic and atonic
(Fig. 71).

He regards the orthotonie, or normal-toned, stomach as one
which contracts upon its contents with sufficient force to main-

)

[Fia. 70.—Normal stomach of type between the steer-horn and fish-hook form.
tain a tubular form, even with a moderate amount of ingesta.
The orthotonic stomach is assumed by Schlesinger to be normal
because most frequently seen and because it performs its func-
tions in a normal manner. It is of fish-hook form and of uni-
form diameter, its walls being parallel nearly to the pylorus
where they converge bluntly, and its lower border is at or near
the umbilicus.

Schlesinger’s hypertonic stomach, as the term indicates,
shows an excess of tonicity. It is short, has a small, flattened
gas-bubble, is broadest at the cardia, and its walls narrow
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steadily to the pylorus, giving it a steer-horn form and an ob-
ligue or transverse position. Its lower border is well above the
umbilicus. The hypertonie stomach, though relatively infre-

7J

m v C.0.

F1a. 71.—Schlesinger's classification of stomachs according to tone. I, Hypertonic;
I1, orthotonic; III, hypotonie; IV, atonie,

quent, is not pathologic. Schlesinger regards it as the primary
type from which other types have developed by the stretching

and sagging of its walls.
His conception of a hypotonic stomach is one which evi-
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dences relaxation of its longitudinal muscle-fibers by an
inerease of length, and consequent sagging downward. The
circular fibers are also relaxed and, with the patient standing,
the barium meal broadens the diameter of the lower pole,
which sinks below the umbilicus. The upper pars media is
somewhat narrowed by the tendency to approsimation of its
vertical walls.

Schlesinger’s atonie stomach shows relaxation to an extreme
degree. Ingesta which would completely fill an orthotonic
stomach now merely fill the expanded, basin-like lower pole.
The vertical walls of the pars media approach each other, closely
enough in some instances to retard momentarily the descent of
barium. The lower border of thé stomach is well . down in the
pelvis. The gas-bubble, without support below to give it a
semilunar shape, appears fusiform. Though not normal, the
atonic, as Barclay® pertinently remarks, should be discussed in
connection with the normal stomach, for it is a ‘““defective
physiological action rather than a pathologic condition.”

While Schlesinger’s classification is more or less diagram-
matie, it serves as a satisfactory scale for comparisons. In its
practical application it is subject to the following qualifications:

1. The “atonic stomach” of clinicians is not represented
solely by the atonic stomach of Schlesinger, for the frequency
with which “atony” is used in a clinical sense justifies the as-
sumption that it is applied to all degrees of hypotonus.

2. Schlesinger limits the hypertonie stomach to the stomach
of steer-horn shape. But fish-hook stomachs are often seen
which are undoubtedly hypertonic as shown by their extremely
narrow diameter, shoriness, and high position, although the
hook-form is retained.

3. He regards only the hypertonic and orthotonic types as
normal. In a narrow sense this is perhaps true, but hypotonic
stomachs are often seen which are in keeping with the entero-
ptotic habitus of their possessors, and which perform their
functions in a normal manner.

Thus we feel that the chief test by which the stomach is to be
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adjudged of normal tone is its correspondence to the habitus of the
individual, and not its form, size and position alone. With
the broad habitus the tone may vary from orthotonus to hyper-
tonus. With the normal habitus it may be expected to vary
from orthotonus to at least slight degrees of hypotonus. With
the enteroptotic habitus, hypotonus is the rule, not only of the
stomach, as Stiller has pointed out, but of other organs as well,
and the gastric hypotonus should not be given undue or exelu-
sive stress,

Again, strietly speaking, tonus is an intrinsic quality of the
gastric musculature, but the position, form and size of the
stomach are modified not only by varying degrees of gastric
tone but also by the intra-abdominal pressure and the amount
of ingesta. Increased intra-abdominal tension tends to lift
up and shorten the stomach; diminished tension tends to lower
and lengthen the stomach. Hence the tonicity of the abdom-
inal wall as well as conditions within the belly, such as ascites,
pregnancy, new growths, ete., must be considered in estimating
the actual tonus. Further, gastric tonus may vary to some
extent at different times in the same individual, and at different
stages of digestion.

Position.—It should be sufficiently clear from the foregoing
that the position of the lower gastric pole has a wide range
within normal limits, and it may lie well above or well below the
umbilicus, the level of which grossly corresponds to a line joining
the iliac erests. The position of the lower pole is affected also
by respiration, being lowered slightly in inspiration and raised
slightly in expiration.

The position of the pylorus varies rather widely with the
form of the stomach, the habitus of the individual and the posi-
tion of neighboring organs. Thus the pylorus of the steer-horn
stomach often lies far above the umbilical level, high up in the
right hypochondrium. The pylorus of the fish-hook stomach
is usually slightly to the right of the median line and somewhat
above the umbilicus. But a low-lying stomach may have its
pylorus even below the umbilical level and in the median line.
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The pylorus of an acute fish-hook stomach is often to the left
of the median line.

The ecardiac end of the stomach does not vary its position
normally. Noteworthy is the fact that the stomach descends
from the upper pole with a slight obliquity forward so that its
lower pole is closer to the abdominal wall than is its upper pole.
For this reason the roentgen shadow of the lower gastric segment
is sharper in the anterior view than that of the cardiac segment

(Fig. 72).

VYA

Fra. 72 —Lateral view, dingrammatic, showing the more anterior situation of the
lower gastric pole.

When the patient lies on his back on the screen-table, the
stomach shows a wide, oval pars cardiaca and pars media, while
the pyloric portion seems narrowed, or may not be seen at all,
thus giving a greater resemblance to the traditional sac-form
of the anatomists. In the prone position also, the stomach lies
higher than when the patient is standing; the cardiac end is
broader and the pyloric end narrower.

Size.—The normal stomach is a potential cavity. Its
apparent size depends therefore on the volume of its contents.

The stomach accommodates itself to an inereasing volume of
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contents chiefly by an inerease of width, but partly also by an
increase of length. The expansibility in all directions with an
increase of the gastric contents is a noteworthy feature of the
normal gastric wall. An orthotonie adult stomach will ordi-
narily accommodate 24 fluid ounces of a barium mixture with-
out discomfort to the patient, and by this amount the gastric
periphery will be effectively visualized. A hypertonic stomach
may hold this quantity but with rather evident distention.
Capacity is increased proportionately to loss of tone. A 24-
ounce barium meal does not completely fill a hypotonie stomach,
but abdominal palpation or the institution of peristalsis may
increase the gastric tone until the barium is foreed well up to the
gas-bubble. In megalogastria the stomach may be of enormous
size and yet functionate properly. Iwald” mentions one with
a capacity of 1680 c.c. (56 ounces). On the other hand, the
smallest normal stomach he noted could accommodate only
250 e.c. (8 ounces).

Contour.—The otherwise smooth and regular contour of the
normal stomach is broken by the incisura cardiaca, the incisura
angularis and by peristaltic waves. As stated before, the
incisura cardiaca is the upper angle at the junction of the
esophagus with the stomach. The incisura angularis is the deep
depression on the lesser curvature at the junction of the pars
media and pars pylorica.

On the greater curvature, about where the left costal arch
crosses the stomach, a broad, shallow, incurvation is frequently
seen, especially if the abdomen be rigid or retracted, and is
probably due to the pressure of the abdominal musecles, although
some observers have attributed it to the spleen. Hypotonie
stomachs also sometimes have a long sweeping incurvation of
the greater curvature of the pars media.

The contour of the pylorie end varies with the peristalsis
of the antrum, but is always normally symmetrical at any stage

of contraction.
Mobility.—The principal fixing supports® of the stomach
are the esophagus and gastro-phrenic ligament at its cardiac

7
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end, and the hepato-duodenal ligament, about an inch beyond

the pylorus. Between these points, the dependent body of the

fish-hook stomach has a considerable range of passive move-
ment, and by palpatory maneuvers can be lifted up or shifted
to either side. By drawing in or relaxing the abdominal wall
most patients can raise or lower or even distort the stomach at
will (Fig. 73). By deep respiration the filled stomach may be
lowered during inspiration and raised during expiration, the

~—Stomach distorted by strong retraction of the abdominal wall.

Fia,

change sometimes affecting the cardia and media chiefly, or it
may be slightly raised and lowered en masse.

The hypertonic steer-horn stomach, lying high under cover
of the costal arches, between which the abdominal wall is less
lax, is not freely accessible to palpation and hence not easily
moved about. The pendulous, hypotonie stomach is susceptible
of wide shifting. In estimating mobility the relative tension
of the abdominal wall should be taken into account, accordingly

as it facilitates or hinders manipulation.
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Flexibility.—An important characteristic of the normal
gastric wall is its flexibility. With the abdominal wall fairly
relaxed, narrow palpation, 7.e., with a single finger or the ulnar
side of the hand, on the greater curvature, will produce a sharply
outlined indentation eclosely corresponding to the palpated
surface. If the abdomen is held rigid, as often happens, this
maneuver is less practicable and less effective.

Gas-bubble.—In the upper pole of the stomach is a quite
constant transparent area, the gas-bubble, chiefly due to swal-
lowed air. Its convex upper surface fits into the concavity of
the left diaphragm. With an empty or partially filled stomach
its base projects downward like a spindle.  With a filled stomach
its base becomes a transverse plane, level with the cardiac end
of the esophagus. Its size varies considerably and without
special significance. In the hypertonie stomach it is usually
small and somewhat flattened, while in the orthotonic or hypo-
tonic stomach it is more convex above and larger. In the
markedly hypotonic stomach the gas-bubble is fusiform or
balloon-shaped.

Secretion.— The amount of seeretion in the normal fasting
stomach is so small that no accurate estimate can be made
during the ordinary roentgen examination. After filling the
stomach with the barium-pap an intermediate layer of fluid
may usually be seen between the gas-bubble above and the
barium-emulsion below. This fluid is partly gastric seeretion
but mostly water which has separated from the media employed.
Hence the depth of the layer varies not only with the amount

of secretion but also with the amount of water which happens
to separate, and is not a reliable index of secretory activity.

To determine the amount of secretion in the fasting stomach,
Kaestle’ has made use of Sahli's opaque capsules; one, the
“swimming” capsule, floats upon the surface; the other, the
“sinking”’ capsule, falls to the bottom. The vertical distance
between the capsules measures the depth of the seeretion-pool.
However, the total quantity of secretion depends not only upon
its depth, but also upon the breadth of the lower gastrie pole.
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To our mind the amount of secretion can be determined more
accurately by the gastroenterologist’s tube than by roentgen
methods.

To measure the digestive power of the stomach, Schwarz!®
has employed opaque “‘fibrodermic’ capsules. The capsule
itself is digestible and, when dissolved, releases its opaque
contents. The time required for this can be determined by
examination at frequent intervals.

Peristalsis.—The ring-like constrictions encircling the stom-
ach which progress to the pylorus, stroking the gastrie contents
toward the bowel, are seen on the screen as distally moving
indentations of the curvatures. Fascinating in interest, sub-
ject to alteration both in health and disease, and of high im-
portance in the diagnosis of gastro-intestinal lesions, gastric
peristalsis has been given much attention.

Looking over the published deseriptions of normal peristalsis
as seen by the roentgen-ray, a somewhat disconcerting conflict
is noted between the various views expressed. Some of the
discordance is doubtless due to a consecious or unconscious effort
to harmonize the roentgenologic appearances of peristalsis with
certain anatomic conceptions of the stomach, while other dis-
crepancies are perhaps due to technical differences in the
manner of observation.

By the older anatomists it was believed that the stomach
was partially divided by a transverse muscular band, separating
the pylorie portion (antrum) from the remainder of the stomach.
This view probably influenced Kaufman and Holzknecht' in
their description of peristalsis. They observed the peristaltic
furrows to deepen as they progressed pylorusward, and reach a
maximum depth three or four fingerbreadths from the pylorus.

At this place the constriction remains longer as a tonic and
more energetic contraction of the gastric wall. The antral
portion is completely cut off, they state, and a clear stripe is to
be seen between the shadow of the antrum and the shadow of
the corpus. The antrum then effaces itself by a process of con-

centric contraction.
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Kaestle, Rieder and Rosenthal,’® commenting upon the
above observation and additional quotations from Holzknecht,
offer the following contradiction:

“Our investigation shows that during digestion there is no such
division of the stomach into two distinet par

and that a strongly
differentiated antrum pylori in the old aceeptation of the term does
not exist. As our tracings show, the formation of the new antrum
does not commence at the spot where the final emptying of its contents
oceurs, and is therefore not a mere relaxation of the contracted walls,
If we adhere to the idea of an antrum pylori, then it is necessary to
speak of two such antra existing side by side and at the same moment.

We must speak of an old and a new antrum.  As the old antrum dis-

appears, a new antrum is developed from the wall of the body of the
stomach. This new antrum passes pylorusward, and ultimately
exactly takes the place of the old antrum, whilst another new antrum
beging to form. Moreover, if we wish to adhere to the term, our idea
of the antrum pylori must be modified. In our opinion, there is no
true antrum pylori, any more than there is a sphineter antri, in the
sense of the older observers; what we see in the regio pylorica is an in-
crease in the energy of the gastrie peristalsis and an inerease in the
height and depth of the wave-summits and depressions. Just

as
-
omy fails to show any trace of a transverse muscular band, or anything
in the nature of a true sphincter.”

the roentgen examination shows no trace of a sphineter antri, so a

The observations of Kaestle, Rieder and Rosenthal were
made by bioroentgenography, a modification of kinematography.
Twelve or thirteen plates were exposed during the course of a
single peristaltic contraction—about twenty-two seconds
shortly after the ingestion of a bismuth meal. These plates
show ¢

continuous progression of the peristaltic waves to the
pyloric ring. By superposing tracings of these plates a com-
posite was obtained showing graphically the successive positions
occupied by the wave. The wave is shown to begin at the
incisura cardiaca, whence it travels pylorusward with slightly,
but steadily, inereasing depth. At no point is the stomach
completely segmented (Fig. 74).

Cannon' cites the work of Kaestle, Rieder and Rosenthal
as substantiating his own early contention that the pyloric end
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is normally not separated from the rest of the stomach, and that
the waves are continued over the vestibule. Further on, how-
ever, he adds: “ As digestion proceeds, the constrictions in the
region of the vestibule grow still stronger, and finally, when the
stomach is almost empty, they may, as they come near the
pylorus, completely divide the cavity. At all times, in the
close neighborhood of the pylorie canal, the circular and longi-
tudinal fibers, both of which are here strongly developed, prob-

Fig. 74.—Composite diagram showing gastric peristalsis, By Kaestle in Rieder-

Rosenthal’s Roentgenkunde.)

ably coiperate to decrease simultaneously in all directions the
terminal segment of the stomach.”

Groedel' has noted several varieties of peristaltic move-
ments, including very shallow waves, deep waves, and local
contractions of the gastric wall. The shallow waves come on
soon after the ingestion of food, travel rapidly, and are hard
to see with the naked eye. The deep wave-movements are
seen on the greater curvature, begin below the incisura car-
diaca and end at the sphincter antri. The local contractions
remain for a longer time, sometimes simulating hour-glass
contracion, and he wasunable to say whether they are normal
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or pathologic. He accepts the theory of a concentric antral
contraction,

Avoiding the terms “normal” or “abnormal,” Cole' has
made a study of “unobstructed peristaltic contractions,”
as shown by a series of roentgenograms. He introduces the
term ‘“gastric eycle,” there being as many “gastric eyeles” as
there are peristaltic contractions visible at the same time.
Thus he notes one, one-and-a-half, two, three and four-cycle
types, and regards the two latter as the more common. He
holds also ““‘that the gastric motor phenomenon is complex,
rather than simplex, as evidenced by a systole and diastole of
the stomach in addition to the peristaltic contractions passing
pylorusward.”

Making due allowance for possible slight variations resulting

from different technies, the observations of Kaestle, Rieder and
Rosenthal offer the simplest and most logical explanation of
peristalsis, as we have seen it by the x-ray, although we were
at one time inclined to accept Holzknecht’s theory of a concen-
tric antral contraction. The division of the stomach by physi-
ologists into two portions with largely different functions may
be freely granted, but the peristaltic phenomena that we have
observed do not warrant the assumption of a sharp anatomical
division between these two portions. It may be that the thick
musculature of the vestibule undergoes some general contrac-
tion other than that of the advancing wave, but, if there is such
contraction, it is so slight that it cannot be determined and the
advancing peristaltic ring completely dominates the view.
The introduction of ““ gastric eycles,” each with its “systole”” and
“diastole,” seems to us a needless complication of the matter,
for we are unable to see any close similarity between the action
of the stomach and the action of the heart. In the stomach there
is no general systole as in the heart, but a localized moving
peristaltie contraction; nor is there a general diastole, the gastric

contents merely following up the advancing wave.
The fact that the gastric musculature in addition to its
circular fibers contains also longitudinal and oblique fibers,
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justifies the presumption that these latter participate in the
motor functions of the stomach. But as it seems to us, this
participation is shown chiefly by a heightening of tone, with a
closer embrace of the gastric contents (peristole) which con-
tinues all through the period of peristaltic activity, and is
further manifested in the symmetrical shrinking of the stomach
as its contents are evacuated.

During the first five or ten minutes after filling the stomach
with the opaque materials previously deseribed, the peristalsis

Single peristaltic wave, pylorie portion

that we have seen most commonly on the sereen is limited to
the pylorie portion of the stomach (Fig. 75). First is noted a
slight deepening of the incisura angularis.  Then on the greater
curvature, opposite the incisura, a complementary depression
is seen. The encireling constriction deepens, then moves
slowly pylorusward. The vestibule (antrum) is not completely
segmented and the vestibular contents escape backward through

the advancing ring, save for a small amount which may be
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driven through the pylorus. The wave continues its journey
to the pylorus, and, as it disappears, another wave is seen form-
ing at the incisura angularis. Less commonly the wave begins
in the pars media a little above the incisura angularis, its de-
pressions are visible on both curvatures, and it forms while its
predecessor is sweeping over the vestibule (Fig. 76). Thus
only one wave, or at most two waves, can be noted as a rule,
during the period mentioned.

Fia. 76,~Peristaltic wave, pylorie portion; second wave forming in body of stomach

Peristalsis is sometimes a trifle delayed in its appearance
after ingestion of the meal. Its advent may also be retarded by
certain nervous states of the patient, such as fright or disgust
for the meal. It may sometimes be induced by massage and
quite vigorous peristalsis may thus be elicited, but it dies away
quickly when the stimulus ceases.  Although the experiments
of Cannon on animals and the observations of others on man
indicate that peristalsis continues without interruption until
the stomach is empty, we have oceasionally noticed an inter-
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mittence during the early period after ingestion, activity alter-
nating with absolute or comparative rest.

The depth of the wave varies not only among individuals,
but also varies in different parts of the stomach. In the pars
media. on the greater curvature, the wave-depression is relatively
broad and shallow, while its fellow on the lesser curvature is
scarcely visible above the incisura angularis. Both depressions
inecrease in depth as they approach the pars pylorica. From
the incisura angularis to the pylorus the waves vary little in
their depth, and are quite similar on both curvatures. The
energy of contraction is affected somewhat by tone, being greater
in the hypertonic and less in the hypotonic stomach. It is
apt to be increased with hyperacidity and diminished with
achylia and fatty ingesta. It is perhaps a trifle more active
with barium than with bismuth. Aectivity is also increased by
a prone position of the patient, and two or three waves may be
seen at one time,

Ordinarily, waves succeed each other at regular intervals
and hence with regular interspaces as noted on either curvature.
On the greater curvature the depressions are farther apart than
on the lesser curvature, the constriction tending to maintain
a plane perpendicular to the eurving long axis of the stomach.

The time required for a wave to run its course depends partly
at least on where it begins and the distance to be traversed.
Twenty-two seconds has been stated by Kaestle as the average
time of transit. His composite drawing shows the wave
beginning high up at the incisura cardiaca.

Motility.—The testing of gastric motility by the roentgeno-
logic method has been of striking value in our own work.
Before discussing this feature of the roentgen examination it may
be well to recall some of the elementary facts as to the physiology
of the gastric motor function. In this respect much of the in-
spiring work of William Beaumont'® remains uncontradicted
to this day. For example he found that ““the time required for
the digestion of food is various, depending upon the quantity
and quality of the food, state of the stomach, ete.; but that
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the time ordinarily required for the disposal of a moderate meal
of the fibrous parts of meat, with bread, ete., is from three to
three and a half hours.” Iurther, he drew the “inference,”
as he expressed it, * that oily food is difficult of digestion” and
that ““ water, ardent spirits and most other fluids are not affected
by the gastrie juice, but pass from the stomach as soon as they
are received.”

Of the more recent investigators, Cannon,'” by his painstak-
ing experiments on animals, has given us reliable data, among
which may be summarized the following: The chyme does
not pass through the pylorus at the approach of every peristaltic
wave but emerges occasionally, at irregular intervals, of from
ten to eighty seconds. Aecid above opens and acid below closes
the pylorus. Fats when given are almost invariably present in
the stomach during seven hours’ observation. Water begins to
enter the intestine almost as soon as it enters the’stomach,
Carbohydrates go through rapidly; proteins more slowly.  When
carbohydrates and proteins are given one after another the early
rate of evacuation is largely the same as that of the first food
given. Mixtures of carbohydrates and proteins have an empty-
ing rate intermediate between that of carbohydrates and that
of proteins. Fat retards the exit of either food-stuff from the
stomach into the intestine. As to consistency of food materials,
there is a marked retardation of the outgo of food from the
stomach when hard particles are present. Considerable amounts
of gas in the stomach retard the discharge of food. Rage, dis-
tress, anxiety, grief, anger and violent emotions have a depressive
effect on gastric motor activities.

Besides the physiologic variations to which the gastrie clear-
ance time is subject, it may, of course, undergo numerous
pathologic alterations, in the direction either of an exaggeration
of a diminution of motility.

It would seem that by no simple test can sharp and constant
lines of demarcation be drawn between hypermotility, normal
motility and hypomotility. Nevertheless, extreme variations
in either direction, more especially toward hypomotility, have
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high diagnostic significance, can be determined at least broadly,
and efforts at such determination cannot safely be neglected.
The method in most common vogue of testing gastrie motility
is the administration of a meal and the use of the stomach-tube
to ascertain whether food remnants are present after the lapse
of a certain time. The following citations will give a fair idea
of this method.

Kemp'® states that the impairment of the motor power is
fully as important, if not more important, in many cases than
damage to the seeretory functions. He deseribes various test-
meals used in gastrie analysis including those of Riegel,* Ewald,§
and Leubef and the test-breakfast, of Ewald-Boas.| Regarding
the specific question of motility he remarks:

“If five hours after a test-meal, a small amount of chyme is aspir-
ated the motor power is good. If large quantities are found six hours
after the meal the motor funetion is absolutely (or, if relatively)
decreased * * * Some employ the test-breakfast. Two hours later
the stomach should be empty. If 100 c.e. or more are found at the
end of an hour, or varying quantities at the end of two nours, it shows
different degrees of motor insufficiency. The test-meal is more acen-
rate. I sometimes administer a test-supper and aspirate in the morn-

stenosi

ing to test the motor function, following immediately with the test-
breakfast to examine the secretory function.”

Kemp also deseribes without comment the motility tests
with salol (Sievers and Ewald)," iodopin (Heichelheim),*® and
oil (Klemperer).*!

Bassler®® mentions as of value the Leube-Riegel test-dinner,
consisting of beef-broth, 400 c.c.; beef, 150 gm.; pure or mashed
potatoes, 50 gm.; and a roll of wheat bread. The exit of this
meal from the normal stomach should oceur within five hours.
But he goes on to say:

* RipGel's test-dinner: Meat broth, about 400 c.c.; beefsteak, 150 to 200 gm.;

mashed potatoes, 50 gm.; and a roll (35 gm.).
f EwaLp's test-meal: Finely chopped meat, 175 gm.; stale bread, 35 gm.; and
butter,
{ Leuse's test-meal: A plate of soup, a beefsteak and a roll
Ewawp and Boas' test-breakfast: One or two rolls (35-70 gm.); one cup of
tea or water (300-400 c.c.); given in the morning in the fasting condition,
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“A word of caution should here be given in assuming the existence
of pathologic conditions when five or six hours afterward small quan-
tities of food are extracted, for, while the great bulk of the meal is
gone, ta

rving remnants of food may be present even in the perfectly
normal stomach up to the sixth and even the seventh hour after the
time of ingestion. If at the sixth, seventh or eighth, and so on, hour
of extraction after the taking of a mixed meal, considerable quanti-
ties of the meal constituents are obtained from a stomach, the existence
of the following conditions should be considered, namely: Pylorie
obstruction, states of atony, a more or less low state of digestive dis-
turbance from degrees of subacute and chronie gastritis accompanied
with poor gastrie function, and the existence of neurotie conditions
of a depressing type affecting the entire motility of the organ.  Another
form of examination by the extraction of gastric food contents to diag-
nose pyloric obstruetion from any cause (particularly its high degree
seen in malignancy) should be mentioned. 1In this the generally em-
ployed procedure is to advise the patient to eat a full meal in the early
evening, and then to wash out his stomach the following morning
about ten or twelve hours afterward. Should the patient not have
vomited during the night, and food remnants be found in the morning,
bona fide pylorie stenosis can almost invariably be diagnosed.”

Bassler states further that a simplification of this method,
which he can endorse as of much value, is the eating of several
raisins* in the evening and noting if their skins or seeds are
obtained in the morning lavage water. While in this test the
obtaining of vegetable skins is of much significance, a negative
A less

complete degree of stenosis, particularly in the pylorie region but

result does not always mean that no stenosis exists.

not directly at the pylorus, may give positive results with the
six, seven or eight-hour extraction of the mixed meal, but a
negative finding with the raisin-skin method. The matter, he
thinks, is entirely one of degree of stenosis; the nearer the stenosis
to the pylorus, the more accurate are the results by both
methods; the less the degree of the stenosis, or the farther
away from the pylorus it is situated, the better is the result

* Basstir speaks of this as the “Mayvo method.” 1In fairness it should be

said, however, that the addition of raisins to the Riegel meal is eredited by
Conxueiv ("' Diseases of the Digestive Canal,” Edit. 2, Philadelphia, J. B
Lippincott & Co., 1911, p. 35), to Boas.
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from the mixed meal, and the less so from the raisin-skin
method.
Einhorn®® gives a fair summary of gastro-enterologic methods

in common use when he says:

The best and easiest way to test the motor function of the stomach
is to examine this organ by means of the tube and lavage in the morn-
ing in the fasting condition after the ingestion of a substantial supper
on the night previous. Normally the stomach is empty, and there-
fore when the organ is found to contain a quantity of food, this is the
best sign of retarded motion.

Roentgenologic Tests of Motility.— Rince the first employ-
ment of the roentgen-ray in conjunction with an opaque meal
for the diagnosis of gastro-intestinal disease, more or less atten-
tion has been directed to gastric motility. By a few men this
feature of the examination is considered almost indispensable;
by others it is regarded as of secondary importance, though
usually given some attention, while a few deem it of little
moment,

As might be expected, an investigation of the technic used
by different roentgenologists shows considerable variance.
Wide differences are noted as to:

1. The opaque salt used.

2. The character of the vehicle.

3. The proportion of opaque material to the medium of sus-
pension.

4. The total quantity administered.

5. Management of the patient with regard to eating after
the opaque meal has been taken.

Mention has been made elsewhere of the various opaque
salts used, including the subearbonate and oxychloride of bis-
muth, zirconium oxide, barium sulphate, ete. So far as we are
able to discover from the published observations of others and
from our own experience there seems to be little difference in the
evacuation time of the various bismuth salts when given under
equal conditions; but the difference in this respect between bis-
muth salts and barium sulphate is marked, the latter leaving

at
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the stomach distinetly earlier. Groedel's*' figures also indi-
cate that with barium sulphate the stomach empties itself much
faster than with bismuth.

The vehicles employed have been of every sort conceivable,
including water, milk, mucilage of acacia, bread and milk, cereal
porridges, paps and gruels, mashed potatoes, fermented milk,
and mixed meals containing meat. The proportion of opaque
salt to suspension medium varies from 10 to 50 per cent. of the
former, and the total quantity of the meal given ranges from 6 to
20 ounces or more. Finally, practice differs as to permitting
the patient to follow his accustomed habits of eating and drink-
ing during the period of examination. Often this important
feature is not mentioned, yet it is known that the taking of food
after ingestion of the opaque meal will markedly prolong the
evacuation time of the latter.

It is quite apparent that from these differing technics, differ-
ing results must follow and this undoubtedly accounts very
largely for the varying esteem in which roentgen tests for motil-
ity are held.

The prototype of all the opaque meals now in use was that
devised by Rieder,* and consisted of 50 gm. of bismuth carbon-
ate in 350 gm. of flour-pap. Rieder considered three to four
hours as the normal emptying time for this meal. Commonly
half the meal is discharged within an hour. Toward the end
of digestion, he remarks, there is a distinet slowing of emptying
which he thinks is due to an intestinal reflex. He mentions the
experiments of Wulach showing the emptying time of carbohy-
drate mixtures to be from two and one-half to three and one-
half hours, albuminous mixtures five or six hours, and fat from
seven to eight and one-half hours. The roentgen method gives
a good picture of gastric motility. But, Rieder adds, in spite
of the great excellence of the roentgen motility test, the method
formerly used alone of withdrawing a test-breakfast or test-meal
will firmly retain its diagnostic worth because it will show in
every case not only the motility but also the secretory funetion.
Barclay®® has used bismuth carbonate in the proportion of




112 THE NORMAL STOMACH

&

1 to 2 or 3 of the excipient, for which latter he employs bread
and milk, thoroughly mashed up, or porridge. The total quan-
tity given varied from 2 to 12 ounces. With regard to motility

he sa

Retention of bismuth food is the result of pylorie obstruction and
Rieder laid it down that the whole of a bismuth meal should have left
the stomach within five hours. For diagnostic purposes this is a good
enough guide, but I never report definite obstruction unless the delay
is well marked. In hospital practice eight hours’ retention is my stand-
ard, but in the vast majority of the cases recorded, some food was still
present in the stomach after twenty-four hours. In private practice
six hours is my standard, but T always repeat the observation on at
least one occasion to verify this findihg when the margin of delay is

s0 small.

Groedel®” at first employed the Rieder carbohydrate meal.
An emptying time beyond four hours he regarded as abnormal.
Later®® he began using barium sulphate 250 gm., mixed with
20 gm. each of maize flour, sugar and cocoa in 400 c.c. of water.
This meal, he found, emptied normally in two hours.

Kaestle*® considers two and one-half to three and one-half
hours as the normal emptying time of a fluid, carbohydrate
(mondamin), contrast meal containing zirconium oxide and
weighing 400 gm. A stiff mixture of the same weight may re-
quire four hours. Slight delay of evacuation of the fluid meal,
up to six hours, he states, may be caused by gastrie atony,
hyperacidity, reflex pylorospasm, and even beginning pylorie
stenosis,  Residues after twelve hours or longer oceur only with
organic pyloric stenosis.  Hypermotility may vesult from a
gaping pylorus or strong expulsive energy (hypertonus and
hyperperistalsis).

Satterlee and LeWald® in their deseription of the water-
trap stomach remarked the occurrence of a residue from the
bismuth meal in many of these cases. “The water-trap stom-
ach,” they say, “might almost be considered as a ptosed organ
with the first portion of the duodenum and the pylorus fixed in
proper position, giving the characteristic long pylorie arm and
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resemblance to a water trap.” The meal given consisted of
90 gm. of bismuth subearbonate suspended in 600 c.e. of fer-
mented milk. A residue from this meal, “long after the usual
emptying time” was noted in 50 per cent. of the cases.

Cole®* remarks:

I have already shown the fallacy of testing the gastric motor
efficiency by administering bismuth suspended in fluid or mixed with
cereal, and the same is true for intestinal motor efficiency. If the test
is to be of value the stomach and intestines must be ealled on to evacu-
ate such a meal as is normally imposed on them. Therefore, the true
test of gastro-intestinal motor efficiency is made by administering
bismuth or barium suspended in fluid, preferably buttermilk, in con-
junction with a Riegel meal of meat, potatoes and bread If
the stomach is high and of the cow-horn type, especially if a condition
of diminished acidity or achylia exists, evacuation will be accomplished
very rapidly, perhaps in two hours, whereas many a stomach present-
ing no organic obstruetion requires six hours for complete evacuation.

Baetjer and Friedenwald®® gave a meal consisting of bismuth
subearbonate, 1'2 ounces; in an ordinary glass of water (about
12 ounces) with sufficient mucilage of acacia to make an emul-
sion. They regard from three to four hours as the normal empty-
ing time for a horizontal stomach; from five to six hours for a
prolapsed fish-hook stomach.

George and Gerber®® eall attention to the composition of the
original Rieder meal and the fact that other mediums and much
larger amounts of the opaque salts came into use. They offer
this comment:

As a result of the marked variation of bismuth meals it is impossible
to use the same functional data for diagnosis. . . . This is

a point

which has not been appreciated by many roentgenologist They
have used various kinds of meals—not only buttermilk, but malted
milk, plain milk, water, mashed potato, ete., and have varied the
amount of bismuth or barium, and yet have attempted to apply to
their work the conclusions based on the observation of funetional dis-
turbances in thousands of cases done under the Rieder technic. Ob-
viously this is incorrect. The only proper course left for one who
wighes to use these functional data is to accumulate a large number of

8
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rases, done with more satisfactory mixtures and check them up with

operative results,

In a paper written a few months prior to the above, George
and Gerber®* venture this statement: “The more we have accu-
mulated evidence on this subject, the more we have become con-
is the least important factor in
roentgen bismuth diagnosis Recently they® have reiterated
this opinion. It should be noted that with their technic the
patient is permitted to take food during the six-hour period.

As a test of motility in those cases in which the stomach-tube
Bassler’® uses a mixed-meal

vineed that six-hour gastrie stasi

is contraindicated or refused,
method by which he gives 25 gm. of bismuth subcarbonate with
the Riegel meal and examines by the roentgen ray six hours later,
at which time the stomach should be empty. In marked pyloric
stenosis he has noted a residue at twelve hours, or much later,
even to five days. However, in a subsequent publication,
Bassler®” has this to say:

In the study of motility and exit from the stomach in 203 cases of
distinet gastroptosia, in which hourly roentgen-ray observations were
made, the conclusion was plain that the roentgen-ray method of diag-
nosing stasis in the stomach is not as practical as the test-meal method.
One hundred and twenty-six of these cases examined by the bismuth-
roentgen-ray method showed delay of exit of six hours or more, while
only 31 showed the delay by the test-meal method. . . . Instances
were encountered in which bismuth was present in the stomach as
late as eighteen hours after ingestion, while the stomach on a mixed
meal was empty in four and one-half hours. It is apparent,
whatever has been advanced to the contrary, that the method of ex-
amination by food extraction is decidedly more to be depended on in
gaining an idea of exit from the stomach than is the bismuth-roentgen-
ray method, for it was strongly suggested that foods pass from the
stomach in decidedly less time than will bismuth or any other form of
metal salts used to throw a shadow, probably because of the pulverized

salts adhering to the mucosa.

The most faithful advocate of the roentgen motility test is
Haudek,*® and to him we are indebted for the double-meal method
of examination, the establishment of the six-hour limit and a
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vast deal of information concerning the significance of disordered
motility as shown by the roentgen ray. The rather chaotic
application of the roentgen examination for motility led Haudek,
in 1909, to establish his double-meal method, partly with the
view of saving time and partly to make the test more precise.
Accordingly, he began the administration of a Rieder meal in the
morning, and examined the patient six hours later, at which time
a second Rieder meal was given to complete the examination.
The selection by Haudek of six hours as the division line between
normal and delayed emptying was explained by him on the
ground that while the normal stomach will drive out a Rieder
meal in about three hours, as an average, delay to five or six
hours might result from physiologic causes. He cited as exam-
ples the influence of rest and movement, right and left-side posi-
tions, psychic factors, eating or drinking after taking the meal,
and sedimentation of the opaque salt. Even after six hours or
longer, minute residues might sometimes be found in normal
stomachs, and he accordingly ignored mere traces. Small resi-
dues, up to a quarter of the meal, he deemed, could be due not
only to organie pathologic changes but also to hypomotility from
atony, hyperacidity, or long hubhihe, that is, a long, vertical
pars pylorica. Larger residues could be almost certainly aseribed
to pyloric obstruction by organie stenosis or spasm from ulcer.
He also pointed out that the test did not rest alone on the pres-
ence or absence of a residue, but that the position of the ‘“head”
of the six-hour meal gave gross information as to motility.
Normally at or near the cecum, the “head” would be advanced
far into the large intestine by hypermotility or held back in the
small intestine by hypomotility. Further, on giving the second
meal, there could also be taken into consideration the tonus of
the stomach, its peristalsis, the freedom of passage through the
pylorus, the hubhhe, and thus the total picture would enable an
estimation of “the great ‘X’ of motility, the functioning of the
pylorus.”

An experience of years with thousands of cases has increased
Haudek’s confidence in the method.

In a recent article, he®
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goes so far as to say that the roentgen determination of the ex-
pelling forees of the stomach gives better results than the older
methods, and that it is not only exact and reliable but also very
simple. He shows that while the clinical examination cannot
determine whether the increase or deerease of motility is due to
a change of the expelling power or of the resistance, the roentgen
examination can be much more decisive. While he had pre-
viously considered atony to be an oceasional cguse of six-hour
retention he now believes that atony, under otherwise normal
conditions, causes only a slight lengthening of evacuation time,
usually below six hours. The most important factor for the
evacuation of the stomach is the condition of the pylorus.
Lessening of resistance produces the picture of pylorie insuffi-
ciency; an increase leads to the highest degrees of stagnation.
For more than four years past our work has been based on the
double-meal method of Haudek, and we ean unreservedly endorse
his claims.  For various reasons we have found it advisable
to modify his technie in some particulars, but have retained the
six-hour limit and adhered rather closely to his general princi-
ples. A cereal porridge instead of a pap for the six-hour meal is
employed and barium sulphate substituted for bismuth salts.
(For detailed technic refer again to page 75.) Since barium
leaves the stomach earlier than bismuth we believe that a six-
hour retention of barium is even more significant than one of
bismuth. Until the beginning of 1914 patients were required
to take castor oil in the evening previous to the day of examina-
tion, but this has been abandoned as unnecessary. The obser-
vations of Hayes' show that purgation results in a heightening
of gastro-intestinal motility for a day or two. A comparison
of our observations since 1914 with those made previously, in-
dicates that this inerease does occur, but that it does not mate-

rially affect the six-hour test.

With the stomach empty at the end of six hours and the head
of the motor meal anywhere from the cecum to the hepatic flex-
ure the gastric motility is considered normal, at least so far as
the net result is concerned. It does not follow that this finding
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absolutely excludes any disturbance of either the active or pas-
sive factors of motility, since a diminution of one may be offset
by an exaggeration of the other. For example, a somewhat
stenotic pylorus or duodenum may be balanced by vigorous
gastrie peristalsis, or an achylia; or a so-called atonic stomach
with weak peristalsis may evacuate its contents through an un-
usually patent pylorus in average time. Hence a stomach that
is empty at six hours, with the motor meal at or not far beyond
the cecum, is, strictly speaking, normal as to motility only on
condition that other elements are normal also, that is, acidity,
peristalsis, tonus and pylorie functioning. 1If any of the latter
are definitely abnormal, the presumption is that one abnormality
is compensated by some other, and an analysis of the complica-
tion may promote diagnostic nicety., With our present limita-
tions, however, a caleulation of this sort could easily lead to
error by its intricacy. Likewise, between the average emptying
time of say three hours and the arbitrary limit of six hours
allowed for presumptively normal evacuation, is a rather wide
zone for the play of physiologic and ocecasionally pathologie,
factors causing hypomotility. It was precisely to make liberal
allowance for these that Haudek drew his line at six hours, and
for this reason we have adhered to that line, though our meal
probably leaves the stomach earlier than Haudek's. If there is
error it is, at all events, on the side of safety.

A degree of hypermotility, as evinced by advancement of the
meal beyvond the hepatic flexure and by rapid discharge of the
second meal through the pylorus, not rarely has a physiologie
explanation, as, for example, a hypertonic, steer-horn stomach.
But marked hypermotility should stimulate a search for possible
pathologic causes.
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CHAPTER VII
THE ABNORMAL STOMACH

Form Variations.—Other things being equal, the general
form of the stomach should correspond to the habitus of its
possessor, and an inharmonious combination demands explana-
tion. Thus, the steer-horn form of stomach, which is some-
times seen normally in the broad habitus, is to be regarded with
suspicion if seen in association with the habitus enteroptoticus,
and the possibility of a careinoma or other lesion should be in-
vestigated. On the other hand, the occurrence of a fish-hook
stomach in a person of the broad habitus is not necessarily sig-
nificant, unless the stomach be also hypotonic and elongated.

The form of the stomach has some slight indicative value in
predicating the nature of a lesion which may possibly exist. For
example, ulcer is rarely found in a steer-horn stomach; by far
the larger number of uleers that we have seen oceurred in the
fish-hook type. In fact, the steer-horn type of stomach, which

is itself infrequent, rather seldom shows lesions of any sort.

The apparent steer-horn occasionally seen in advanced scirrhous
carcinoma is, of course, a result of the pathologic process. The
hook-form is often preserved in medullary carcinoma of the
stomach. A snail-form of the stomach, with acute flexion of
the pyloric end toward the lesser eurvature is found occasionally
in gastrie uleer.

Marked distortion and deformity of the stomach may occur
with gastric carcinoma and tumors of all sorts, syphilis, uleer,
spasm, extrinsic tumors, ascites, or increased intra-abdominal
tension from any cause, including voluntary contraction of the
abdominal muscles.

Hour-glass Stomach.—Nome confusion has arisen from a
rather indiscriminate use of this term. Broadly speaking, it

121




122 THE ABNORMAL STOMACH

applies to any stomach which is constricted or segmented so as
to form two, and exceptionally three or more, distinet loculi,
even temporarily. To the surgeon the word generally signifies
an organic and permanent biloculation, and, failing to find such
a condition at operation, he regards the diagnosis of hour-glass
stomach as erroneous, although the roentgen findings may have
been quite definite.

Organie hour-glass stomach may result from uleer, carcino-
matous, syphilitic or other tumors of the gastrie wall, or, rarely,

Fia, 77.—Perforating gastric ulcer a. Hour-glass constriction at b,

from adhesion-bands. A few rare cases have been reported in
which the condition was a congenital deformity (Adami and
Nicholls'). Spasmodic hour-glass stomach, solely the result of
spasm, may have as its antecedent cause a lesion within the
stomach or an extrinsie condition.

The organic hour-glass seen sometimes in association with
gastrie ulcer, usually results from the perforating type and is
due not merely to spasm of the circular muscle-fibers but to in-

filtration and adhesions (Fig. 77).  As a rule, the canal joining
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the two loculi is short and near the lesser curvature. Thus the
stomach has some resemblance to a capital B.  With syphilitic
uleer, hour-glass contraction seems to be common.

The organic hour-glass of gastric carcinoma, syphilis and
other tumor-producing lesions caused by the projection of the
tumor-mass into the gastric lumen usually shows characteristic
irregularity and shading of outline. The eanal uniting the two
segments is usually longer than that seen with the hour-glass of

ulecer.  Sometimes, and especially in ecarcinoma, the canal is

Organie hour-glass at a.  Cancer of the stomach,

centrally placed, so that the stomach has the form of a seript X
(Fig. 78).

The hour-glass form due to spasm is frequently of the B-type,
resulting from a deep, incisure-like indentation of the greater
curvature. This contraction may be caused by an ulecer or its

sear; or it may occur in association with neuroses or conditions
outside the stomach such as lesions of the gall-bladder, duodenal
uleer or appendicitis. It may also occur independently of any
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discoverable lesion. Sharpness of the constricted outline is
fairly constant in spastic hour-glass,

An extremely hypotonie, elongated stomach, with approxi-
mated vertical walls, may superficially simulate an hour-glass,
but upon pushing the barium upward the seeming constriction
disappears.  Tumors outside the stomach may so deeply indent
the gastric contour as to give the stomach an hour-glass form;
palpatory manipulation will usually show the condition. Strong
retraction of the abdomen or the dorsal position may result in
more or less biloculation of the stomach by the vertebral ridge.
Likewise, compression of the patient’s abdomen against the plate
while radiographing either in the standing or prone position may
cause a similar segmentation. It is'to be assumed that the ob-
server will recognize a peristaltic constriction and will not con-
found it with hour-glass constriction. The shadow of a large
mammary gland merging with the gastric outline may appear
somewhat like an hour-glass deformity.

Differentiation of an hour-glass produced by a gastric lesion,
from a spastic hour-glass due to conditions outside the stomach,
is often possible. The purely reflex spasmodic hour-glass may
often be relaxed by energetic manipulation during the sereen-
examination. If, in spite of this, it persists, belladonna given to
physiologic effect (see page 166) will nearly always relax it.
Organic hour-glass and the spastic hour-glass of ulcer constantly
withstand these measures.

Changes of Contour.—Irregularities of the gastric outline
are of the highest importance in roentgenologic diagnosis.
These alterations consist either of loealized additions to or sub-
tractions from the visualized gastriec lumen.

As examples of the former we have the niche of penetrating
ulcer and the accessory pocket of perforating uleer. The niche
represents the crater of the uleer, varies in size from that of a pea
to that of a cherry or larger, and shows as a direct extension of
the lumenal shadow (Fig. 79). It is more commonly located on
or near the lesser curvature of the pars media, but may be found
on the anterior wall, posterior wall, or greater curvature. The
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Penetrating uleer.  Niche at a

. 80.—Accessory pocket at @, due to perforating uleer,
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accessory pocket is an excavation produced by the extension of a
perforating gastrie uleer into adjacent tissue, usually the liver
or pancreas (Fig. 80). It shows as a shadow the size of a filbert
or walnut outside but near the gastric lumen. Its channel of
communication with the latter is not easily demonstrable. Its
own contour may be symmetrically rounded or irregular. Por-
tions of the opaque meal in the bowel adjacent to the stomach
may occasionally simulate a niche or pocket, but a change in the
position of the patient and abdominal manipulation will usually
show the true condition. The bulge between two peristaltic
wave depressions close to each other on the lesser curvature has
a superficial resemblance to a niche except that it advances with
the progress of the waves, while a niche remains stationary.
Localized subtractions from the gastric outline, known as
filling-defects, may be actual and permanent if due to lesions in-
volving the gastrie wall, or npparent and non-permanent if due
to extraneous conditions. ctual filling-defects are noted in
carcinoma (Fig. 81), syphilis, benign tumor, varicosities and
adhesions.  Apparent filling-defects may result from gas or feces
in the adjacent bowel (Fig. 82), extrinsic tumors (Fig. 83),
spasm of the gastrie musculature, extreme intra-abdominal pres-
sure, fluid pent up in the pyloric end of the stomach, food rem-
nants or foreign bodies in the stomach, faulty opaque mixtures
separating irregularly, or the pressure of a kyphotic or lordotie
spine. On the plate the displacement of the visualizing meal,
resulting from compression of the stomach against the spine
(Fig. 84), is likely to be misinterpreted by the novice as an actual
filling-defect. Tests of the genuineness of a filling-defect are

its persistence under all conditions during the sereen-exami-

nation, its unaltered position and configuration after massage,
its constancy upon all plates and at successive examinations,
and, as a differential point from spasm, its resistance to antispas-
modics,

The incisura, often a relatively deep, narrow, finger-shaped,

indentation, sometimes a small angular notch, almost always
seated on the greater curvature, is seen occasionally in ulcer, as a
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Fia. 8L.—Extensive filling defects, in the body oi stomach, due to

Fia. 82—

Apparent filling defect along the greater curvature, d
in the colon at a

ue to gas




128 THE ABNORMAL STOMACH

Fia. 83.—Filling defeet in vertieal portion of the stomach, produced by an extrinsi
tumor, at a

F1G. 84.—Apparent filling defect, caused by pressure of stomach against the spine, 1
seen at a
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result of spastie contraction of the civreular musele-fibers in the
plane of the uleer (Fig. 85).  Similar incisure may be pro-
duced by an adhesion-band, or by reflex spasm from conditions
outside the stomach. The wide, relatively shallow, spastic in-
drawing of the curvature seen now and then opposite a carcin-
oma is sometimes spoken of as a wide incisura.  The ineisura of
gastric uleer occupies a constant situation and is usually per-

sistent, although some observers have claimed that shallow ul-

Fia. 85 —Penetrating uleer at a.  Incisura at b

cers or erosions may give rise to intermittent incisure. Two
uleers in different planes may give rise to a double incisura.
The incisura arising from an extrinsie reflex is most often of an
exaggerated type, being deeper and wider than the incisura of
uleer.  Frequently it is associated with a tumultuous, irregular
peristalsis, and travels like a peristaltic wave. Again, it may

persist at one spot, or recur there intermittently.
Alterations of Tone. The hypertonic stomach, though found
in normal persons, is also a common accompaniment of non-
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Fia. 86.—Hypertonic stomach

FiG. 87.~—Hypotonie stomach,
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obstructing duodenal uleer, and it may result reflexly from other
irritated foci outside the stomach (Fig. 86). The small shrunken
stomach of seirrhous ecarcinoma or fibromatosis is only appar-
ently hypertonic.

The hypotonie stomach is not rarely observed without any
lesion, especially in asthenic persons and those with relaxed
abdominal walls (see ““ Normal Stomach, Tonus’).

Loss of tone
and dilatation of v

rious degrees may oceur as a sequence of
long-continued spastic or organic obstruction at or near the

pylorus from gastric uleer, carcinoma, benign tumors, lesions of
the gall-bladder, obstruetive duodenal uleer, ete. (Fig. 87).

Altered Position.—The cardiac end of the stomach being
fixed and the pyloric end being little less so, we are concerned in
most instances with displacement of the body of the stomach,
more especialy the lower pole, which may be dislocated in any
direction. Displacement of the lower pole upward and to the
left may be produced by perforating gastric uleer, extrinsic
tumors, ascites, pregnancy, heightened abdominal tension, or
spasm; downward in hypotonus from any cause, dilatation, or
ptosis. Lateral displacement, to either side, by gas in the in-
testine or by tumors outside the stomach, is not uncommon.

Rarely the fundus itself may be displaced upward in dia-
phragmatic hernia or eventration, and Schlesinger® holds that it
may participate to some extent in the downward displacement
of gastroptosis.

The pylorus, tethered by the duodenojejunal ligament, is
not easily susceptible to any considerable dislocation in an indi-
vidual case. But its position varies markedly in different indi-
viduals, in correspondence with the form of the stomach and
the habitus (see “Normal Stomach’). Sometimes, also, its
position is not in harmony with the general position of the stom-
ach, and a degree of displacement may be obvious. Thus with
the curled-up, snail-form of stomach, seen rarely in gastrie ulcer,
the pylorus may lie well to the left of the median line. Excep-
tionally, the pyloric end may be drawn upward and to the right
by pericholecystic adhesions. While we have observed broad
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variations as to the height of the pylorus in persons without any
gastric lesion, Groedel® considers pyloroptosis as a sign of gas-
troptosis, and with the ptosis is associated a greater mobility of
the pylorus.

Oceasionally there is noted an apparent torsion of the fish-
hook stomach to the right side on its long axis, so that the cor-
pus lies in front of the pylorus; this displacement seems most
often to be produced by causes outside the stomach, and is with-
out other ilII]N'l'I, '|.I':|ll\[ln~nil)ll of the stomach, as a feature
of situs inversus, deserves only casual mention.

Alteration of Size.—Diminished size (capacity), real or ap-
parent, may be due to hypertonus, inereased intra-abdominal
tension, carcinoma, syphilis, benign tumors, spasm, starvation,
esophageal obstruction, operative resection, or gastro-enteros-
tomy.

Increased size may be the result of hypotonus, functional
atony, or dilatation consequent upon obstruction at or near the
pylorus (gastrie uleer, carcinoma, benign growths, obstructive
duodenal uleer, adhesions from pericholecystitis, ete.).  The
elongated (ptosed) stomach shows an incidental increase o
capacity. The funetionally hypotonie or atonic stomach is ex-
panded chiefly at its lower pole; the elongated stomach largely

retains its tubular form; the dilated (ectatic) stomach is enlarged

throughout, including its pylorie portion, which is not only ex-

panded but also extends well to the right.

Altered Mobility. It should here be repeated that lessened
mobility is seen normally in high-seated and hypertonie ston-
achs, not only because they are situated unfavorably for man-
ipulation, but also because they are short and more or less
tensed between their chief suspension-points. Apparent dim-
inution of mobility may result also from inereased tension of the
abdominal muscles.  However, fixation of various degrees and
at various points may ensue from perforating uleer, carcinoma
or any perigastric inflammation producing adhesions. Such
fixation may be evidenced not only by the ineffectiveness of
efforts at shifting by palpation, and changing the patient’s posi-
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tion, but also by the failure of deep respiration to alter the posi-

tion of the affected gastric area. In rare instances, bands of ad-

hesions may produce irregularity of the gastric contour at the
adherent point. Fixation of the pyloric end of the stomach as
a result of inflammatory processes in the right upper abdominal
quadrant (pericholecystitis, perforating duodenal ulcer) we have

found determinable rather seldom. Palpatory pressure some-

times merely dislocates the gastrie contents and gives the im-
pression that the gastric wall is moved also, although the latter

may be adherent.  On the other hand, an apparently fixed area

may be found entirely free at operation. IExcessive mobility
of the lower pole is a common feature of hypotonie, atonie and

ptosed stomachs.

Lessened Flexibility‘ Loss of Hl'\llli]ll_‘., as shown l)‘\ a lack

of response of the gastric wall to narrow palpation, may result
from any infiltrative process, but is seen characteristically in
extensive carcinoma and in the “leather-bottle stomach.”  Here
the infiltrated, stiffened wall of the stomach glides away from
the palpating finger, which in the normal stomach produces a
correspondingly narrow indentation. This lack of pliability is
also confirmed by the local or general restriction of expansion
upon adding to the contents of the stomach.  Somewhat similar
stiffening, though usually of a lesser degree, may be seen in

gastrospasm, but an intense spasm of the pars pylorica may

temporarily constriet it to a narrow, rigid, palpable tube. In
judging flexibility, the examiner should take into account the
accessibility of the stomach to palpation.
ach can be little affected by manipulation.

Gas-bubble. - Variations as to size of the gas-bubble have
little or no pathologic significance,

A high-seated stom-

In aerophagy the bubble
is often quite large, and may or may not diminish after the pa-
tient belches.

Normally regular and symmetrical in outline, its contour
may be broken by a tumor of the cardia, by splenic or hepatic
tumors, by a gas-distended splenic flexure of the colon, or by

herniation through the diaphragm. Carcinoma, which is by
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far the most common intrinsiec tumor involving the upper cardia,
usually implicates the lesser-curvature side, and opaquely de-
forms this aspect of the gas-bubble. Gas in the splenic flexure
is more likely to distort the outer aspect of the gas-bubble,
and the haustrated, translucent colon is easily distinguished.

Secretion.—An excessive amount of secretion is sometimes
discoverable by the roentgen examination. The upper level of
the accumulated fluid may reach nearly or quite to the gas-
bubble, and the barium as swallowed descends through it slowly.
After filling the stomach the translucent layer between the gas-
bubble and the opaque ingesta is extraordinary wide. Such
hypersecretion, or retention of secretion, is more likely to be ob-
served in any obstructive condition near the pylorus, but more
particularly in gastric uleer, or duodenal uleer. It is frequently
associated with a retention from the six-hour meal, and often
with gome degree of gastric dilatation.

Absence or diminution of secretion may be also more or less
evident in the achylia of carcinoma or after gastro-enterostomy.

Abnormal Peristalsis.—Gastric peristalsis is susceptible of
considerable diversity as to the number of waves to be seensimul-
taneously, their energy as shown by their depth, their frequency,
regularity of sucecession and point of origin and termination.
While these variations may occur in non-pathologic conditions,
as mentioned in the discussion of the normal stomach, they often
possess diagnostie significance, although, as Kaestle' says, the
line is not at present drawn sharply enough to make it always
possible to say positively where the normal ceases and the ab-
normal begins.

Sluggish peristalsis, with diminution of the number and depth
of the waves, may be consequent upon low acidity, hypotonus,
fright or disgust. Kaestle’® remarks that in atonic ectasia the
peristaltic waves are shallow and sluggish, and new-formation
of the “antrum” is lacking. This faintness of peristalsis in the
so-called atonie stomach we have observed repeatedly, but when
a wave definitely formed we have been able nearly always to

follow its progress to the pylorus. With low acids peristalsis
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is also less active. While Cannon® admits the concomitant
variation of acid gastric contents and peristalsis, he has observed
deep and strong peristaltic waves in the stomach when the con-
tents were strongly alkaline. In our experience nervous or
apprehensive persons have usually shown markedly diminished
peristaltic activity, and its initiation was often delayed until
they regained their composure. The increase of peristaltic vigor
by hyperacidity has often been noted and the tendeney of hyper-
tonus to be associated with well-marked peristalsis has already
been mentioned. From a diagnostic standpoint, therefore,
neither moderately diminished nor moderately inereased peris-
talsis has any import. There are peristaltic phenomena, how-
ever, which are definitely abnormal and which have strong diag-
nostic significance. These include absence of peristalsis, either
general or local, hyperperistalsis, irregular peristalsis and anti-
peristalsis,

General absence of peristalsis may be due to extensive car-
cinoma, fibromatosis, syphilis or general gastrospasm. The
complete inertia of the stomach is striking, although in non-ob-
structive cases there is usually also a continuous and copious
drainage of the gastric contents through a gaping pylorus. In
addition to the absence of peristaltic movement, the gastrice
contour is manifestly deformed by widespread filling-defects,
and, if gastrospasm be eliminated, the presence of an intrinsic
organic lesion is practically certain.

Absence of peristalsis from a local area may be caused by a
new-growth, inflammatory infiltration, adhesions, or localized
spasm involving that segment of the stomach. While the af-
fected zone remains immobile, peristalsis may be noted in the
uninvolved musculature above or below, and this feature is
often of service in detecting early or small organie lesions.

Hyperperistalsis, with an inerease of the number and depth
of the waves on both curvatures, is seen typically in obstructing
lesions of the duodenum (Fig. 88). Whereas, with the technic
previously deseribed, the stomach of the standing patient nor-

mally shows but one or two peristaltic constrictions, there are
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now seen three or more waves, rather equally indenting both
curvatures and regularly succeeding each other. The appear-
ance of hyperperistalsis is often delayed for several minutes
after filling the stomach, in which case it may succeed ordinary
and average peristalsis.  Periods of hyperperistalsis may alter-
nate with less active periods.  Hyperperistalsis may oceur also
with non-obstrueting duodenal uleer and as a reflex from other
extrinsic irritations (disease of the gall-bladder or appendix,

Fra. S8~ Hyperperistalsis

ete.) but, while the number of waves is increased, their depth
is less exaggerated than in duodenal obstruction.

The hyperperistalsis accompanying organic obstruetion at,
or proximal to, the pylorus, as we have observed it, contrasts
markedly with the hyperperistalsis of duodenal obstruction.  The
hyperperistalsis of pylorie and prepylorie obstruetion is erratic
in character. It affects the greater curvature chiefly, or at least

more than the lesser curvature. The waves are often eccentrie
and disorderly; deep and shallow waves alternate with each other

and often with irregular spacing between (Fig. 89). In this
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connection the remarks of Kaestle’ are worthy of quotation.
He says: ““In pylorie stenosis there is found a deepened, vigorous
peristalsis, beginning abnormally high in the stomach. The
finding of stenotic peristalsis in an ectatic stomach justifies the
diagnosis: ‘Obstructive ectasia, not atonie.”  With continued
loss of muscular power in pylorie stenosis and obstruetive ectasia,
there remains, at least early after ingestion, visibly deepened
peristalsis. Later on, one sees deep contractions of the gastrie
wall only in the first moments after taking the meal, often

Hyperperistalsis of the irregular ty)

only while the ingesta are flowing in.  Finally, only by energetic
massage does one obtain a contraction, deep, immovable, and
remaining in one place, until this also no longer occurs and the
mass of contents lies motionless on the floor of the stomach.”
Barelay® states: ““A normal stomach that occasionally shows

very powerful waves (or successions of waves) of peristalsis

with periods of inactivity between, is suggestive that peristaltic
action is becoming worn out, and if this sign is observed on one
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or two occasions it is practically certain that obstruction is
present.”

Antiperistalsis, the first radiologic observations of which
were published by Jonas,* consists in the passage of contraction
waves in a reverse direction, 7.c., from the pylorus toward the
cardia (Fig. 90). Haudek' states that the waves usually arise
in the antrum pylori, may be followed along the greater curva-
ture to the point separating the lower from the middle third,
vary in their depth, and may alternate with normal peristaltic

Fig. 90.—Antiperistalsis. All the waves here seen are moving from the pylorus
toward the cardia.

waves. He considers it needless to say that the occurrence of
vomiting has nothing to do with antiperistalsis of the stomach.
He regards antiperistalsis as a sign of some organic alteration in
the walls of the stomach or duodenum, and has noted it most
frequently in pylorie stenosis, usually on a basis of carcinoma or
uleer, although it is not an invariable concomitant of stenosis.
He mentions, without specific reference, the finding by Holz-
knecht and Robinsohn of antiperistalsis in the gastric crises of
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tabes, and the observation by Salomon of this phenomenon in
neurasthenic persons.

We have observed antiperistalsis in a considerable number
of cases. Without exception, obstruction was present or motil-
ity interfered with by a lesion of the wall of the stomach, as in-
dicated by a six-hour retention, and no case at operation failed
to show an organie lesion. In most instances the lesion involved
the pylorie ring or the prepyloric segment of the stomach, and
was usually ulcer or carcinoma.

The exact point of origin of the antiperistaltic waves which
we have seen was not closely investigated, but for the most part
they were first noticed in the vestibular region, and were seen
only on the greater curvature. Their rate of regression seemed
to be about the same as the forward progress of peristalsis, and
they disappeared in the pars media. Wider than normal waves,
they are nearly always relatively shallow, sometimes so shallow
that careful inspection is required to detect them, although in
the illustration here shown (Fig. 90) the waves are well marked.
Generally they appear to follow each other in fairly regular
sequence, but run only for short periods. Haudek expresses the
opinion that if there is a tendency to antiperistalsis the amplitude

of the waves, and hence their visibility, can be increased by any

stimulus which will inerease the depth of ordinary peristalsis.
Disordered Motility.—Abnormal motility may be manifested
either as an acceleration or retardation of the gastrie clearance.
It is evident that the double-meal method does not concern
itself with hypermotility in terms of exact time of evacuation,
although this can be established with either the first or the
second meal if desired. As a rule, the degree of hypermotility
can be reckoned by the advance of the head of the first
meal beyond the cecum, plus the freedom and continuity of exit
of the second meal through the pylorus. It is true that the
position of the six-hour meal is the net result of the motility both
of the stomach and intestine, but in the absence of intestinal
obstruetion as shown by other roentgen signs, or severe obstipa-
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tion or diarrhea as indicated by the anamnesis, the intestinal
factor can be disregarded.

In the presence of a decided hypermotility we have to con-
sider as possible causes duodenal uleer, gastric carcinoma, an-
acidity and diarrhea. The report of the gastric analysis or the
clinical history will decide as to anacidity or diarrhea, respect-
ively. The most typical hypermotility is seen in cancer with its
gaping pylorus, which may be infiltrated and stiffened or merely
relaxed by the anacidity. The flow through the pylorie open-
ing is continuous and frequently voluminous, and the six-hour
meal may have advanced into the transverse colon or beyond.
The hypermotility of gastric cancer is not incompatible with
actual narrowing of the pylorus, which remains steadily open and
thus more than compensates for the narrowing. Over 90 per
cent. of gastric cancers will reveal other roentgen evidence (filling-
defects), so that hypermotility is by no means a principal sign.
The hypermotility of duodenal uleer is commonly attributed to
interference with the pylorus-closing reflex as well as to hyper-
tonus and hyperperistalsis.  Here, again, these factors may
balance or even overcompensate a slight organic or spasmodic
stenosis at the site of the uleer.  In any event, most of the cases
of duodenal ulcer will show hyperperistalsis or deformity of the
bulb.

An initial rapid rate of clearance of the second barium meal
through the pylorus is not alone a dependable sign of hypermotil-
ity; advancement of the six-hour meal in the colon should be
present also. We have seen numerous cases of cholecystitis
(with and without periduodenal adhesions) chronie appendicitis,
hypochlorhydria from all causes, and general reflex gastrospasm,
in which the clearance was large and uninterrupted during five
or ten minutes’ examination, yet this clearance was probably not
characteristic of the whole period of digestion, since the six-hour
meal was not advanced beyond its average position. By the
process of elimination, few cases of actual hypermotility remain
unexplained, and on the whole, it is of less practical importance

than its converse.




DISORDERED MOTILITY 141

In many cases, although the stomach is empty at six hours,

retarded evacuation is evineed by the motor meal lying proxi-

mal to the eecum, together, sometimes, with scanty initial py-
lorie elearance of the second meal.  For such retardation, with an
emptying time greater than three hours but less than six hours,
there is a host of possible causes, including depressive psychie
states, weak peristalsis, hypotonus or so-called atony, high hub-
hohe, ptosis, all of which oceur commonly in asthenie persons,

hyperacidity, reflex spasm of the pylorus and slighter grades of

Six-hour residue.  Retention of about half the motor meal

stenosis, whether uncompensated or only partially compensated.
In our own experience organic stenoses causing delayed gastrie
evacuation, but within six hours, have not been frequent.
Shortening the time limit to say five hours in order to detect
such cases would probably result in greater error by including
physiologie and funetional delays.

The six-hour limit allows for delay resulting mainly from
weakened active factors of motility—tonus and peristalsis.  De-
lay beyond six hours as shown by a definite residue (Fig. 91)
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signifies, as a rule, some disturbance of the passive factor,
namely, organic or spastic obstruction at or near the pylorus.
It should be reiterated that this delay must be exhibited in a
substantial and visible residue, not mere traces held in the gastric
folds nor a collection in the lower pole so small that it can be
seen only with difficulty. With a retention of one-fourth or
more of the meal, there is probably either obstruction of an or-
ganie character or a serious lesion interfering reflexly with empty-

ing. Among the causes of organic obstruction we have noted

duodenal and pyloric uleer with cicatricial contraction, hyper-
trophic pylorie stenosis, pedunculated benign tumors (polyposis)
pylorie cancer, syphilis of the stomach, earcinoma of the upper
jejunum, and adhesion-bands from inflammatory processes in
the right upper abdominal quadrant, usually pericholecystitis.
Other causes of obstruction mentioned in the literature are
foreign bodies (hair-balls, fruit-stones, ete.), kinking of the
prolapsed stomach atits duodenal anchorage, adhesions from
chronic appendicitis, and tumors outside the duodenum press-
ing on it, although we have not encountered a six-hour reten-
tion attributable to any of these, except possibly the last.

Small residues down to an eighth or less of the motor meal
may, of course, result from organic narrowing. A more common
cause is spasm of the pylorus occurring reflexly from a lesion of
the stomach itself, such as uleer, or from an extrinsic pathologic
focus, most often the gall-bladder or appendix, and also, but
rarely, from more remote abdominal lesions. Holzknecht' has
noted the possibility of a six-hour bismuth residue from py-
loric spasm due to morphinism or a single administration of
morphin at the time of examination.

In explaining the mechanism by which gastrie retentions are
produced in the absence of an organic stenosis, roentgenologists
have frequently assigned ““pylorospasm’ as a cause. By the
clinician, the term is limited to a spasmodic contraction of the
pylorus accompanied by pain, vomiting, ete., occurring com-
monly as a symptom of extragastric conditions. Roentgenolog-

ically, the word has been used rather broadly, perhaps somewhat
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loosely, to cover an irritable, or hypertonie, or spastic pylorus,
which relaxes less freely or less frequently than the normal
pylorus, regardless of symptoms.

A pylorus which is not organically stenosed is not infre-
quently seen to remain closed continuously or for abnormally
long periods during the roentgen-ray examination of anatomiecally
normal stomachs showing a six-hour retention, and whether the
term “pylorospasm” be strictly applicable or not, the condition
rannot be ignored as a probable cause of gastrie retention.

To differentiate retention due to pylorospasm from that pro-
duced by organic stenosis, Sahli'* has made use of sinking and
swimming capsules. The distance between the floating capsule
and the heavier capsule lying at the bottom of the stomach gives
an idea of the amount of fluid in the stomach. The evacuation-
time of water can be shown thus; this is usually normal in pyloro-
spasm but prolonged in stenosis. According to Holzknecht
and Sgalitzer' the administration of papaverin hydrochloride
shortens the emptying time in pylorospasm to normal, increases
it in stenosis and has no effect on a combination of the two. It
may be given in a dose of 3; to 1 grain, an hour before the in-
gestion of the meal for a second examination.

-As remarked previously, Haudek has mentioned the high
hubhéhe, that is, a long, steeply ascending pyloric arm, as a cause
of hypomotility. Of very similar character is the “water-trap
stomach” of Satterlee and Le Wald,'* in many cases of which,
with the technic used, six-hour residues were noted. In both of
these conditions there is usually a degree of gastrie atony. Can-
non'® holds that in the normal stomach, drainage by gravity is an
unfortunate conception, that the food is in exact equilibrium
and that muscular action is necessary to its progression. Hau-
dek claims, on the other hand, that the existence of an impeding
action of a high level of the outlet has been shown experi-
mentally, the evacuation-time being shortened when the patient
lies in the right lateral position and prolonged when the patient
lies in the left lateral position.

Neilson and Lipsitz'® have found from experiments on healthy
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young men that lying on the right side produces a more rapid
evacuation of water than does any other position, and that
lving on the back causes a quicker emptying than the upright
posture. In the light of these statements it would appear that
while gravity probably plays a minor rdle in gastric evacuation,
as compared with other factors, it cannot be altogether disre-
garded. Whether a high situation of the pylorie outlet, without
an associated gastric atony, may or may not cause delay of
evacuation, we have not seen such delay beyond six hours with
the barium meal.  Nor have we noted a six-hour residue attribu-
table simply to hyperacidity, atony, or intestinal stasis with o
without ** kinking of the duodenum.” While the motility of the
stomach in a given case is susceptible to some variation from
time to time, we have seldom seen a six-hour retention which did
not recur at a subsequent examination if a lesion was present
However, in the case of a residue without any other diagnostic
indications, the test with the motor meal should be repeated he-
fore conelusions are drawn.

The interpretation of the results from the double-meal
method may be either simple or complex as desired. The ob-
server may be content with determining the presence or absence
of a residue at the end of six hours. With the presence of such
a residue he can be fairly certain of organic pathology somewhere
in the gastro-intestinal tract, and probably in the stomach or
duodenum. Again, he may take cognizance also of hypermo-
tility or lesser degrees of hypomotility. Still again, he may
consider the results in the light of all the discoverable factors
pertaining to motility, including the gastric form, position
tonus, peristalsis, and acidity. Finally, he may combine and
correlate his findings with other roentgenologic signs, the phys
ical examination and the clinical history. By the constructior
of “symptom-complexes” in this manner Holzknecht'' was
enabled to make diagnoses which he could not make otherwise
Although some of his complexes can hardly be accepted implic

itly, his general plan of weighing the roentgen signs in com
bination with each other and in conjunetion with elinical dat
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is well worth while and we have followed it to advantage. While
this has been eriticized as an “indirect’” method in comparison
with the “direct” method, namely, that of proving the presence
of a lesion by showing local deformity of contour, we can only
say that we have often failed to discover such deformity although
the symptom and sign-complex established the diagnosis. Cer-
tainly deformity of contour is of the highest roentgenologic
value and should be zealously sought, but, like all other signs,
it fades gradually into the realm of uncertainty. A six-hour
residue is a strong stimulus to careful search for other signs, and
if the latter are found, the presence of a retention is added assur-
ance of the presence of a lesion and that it is interfering with
motility, which latter information is highly important.

Gastric retention can be combined into various indicative
complexes. A six-hour residue with a stomach of normal con-
tour, showing hyperperistalsis, means, more than ninety times
out of a hundred, obstructive duodenal ulcer. Residue plus
an apparently normal gastrie outline, plus an irregular, vigorous
peristalsis, chiefly on the greater curvature, usually signifies a
lesion involving the pyloric end of the stomach. A residue
with an achylia, but without gross alteration of the gastric con-
tour, should suggest the probability either of a small obstrueting
pyloric carcinoma, or obstruction of the duodenum by peri-
cholecystic adhesions; careful attention to the pyloric and duod-
enal contours will usually make the distinction. Residue with
hyperacidity and no irregularity of the gastric or duodenal out-
line would indicate a stomach reflexly affected by some other
abdominal condition, notably cholecystitis or appendicitis. The
possibilities of the roentgenologic estimation of motility are by
no means exhausted. The method deseribed in detail deals
with the evacuation of a carbohydrate meal only. We can freely
endorse its convenience and trustworthiness in the diagnosis of
the graver and usually surgical conditions. By a mixed meal
and extension of the time limit, by examination at short inter-
vals, or by testing the motility of each individual for carbohy-

drates, proteins and fats separately, the diagnosis of slighter
10
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disturbances of motility,

physiologists before us,

Zone of Normal Motility

BNORMAL STOMACH

amenable to medical treatment, might

be assisted. However, with all the work of the experimental

no meal can be devised the normal

emptying-time of which can be foretold with certainty, and any
test must be proved by trial with abundant material.

ZONES OF MOTILITY BASED ON THE SIX-HOUR MOTOR MEAL

Hour
0
1 Early emptying, pathologic. (Non-obstruct-
Zone of Hypermotility 'l e (PEISIORIGr AT ROREE
' : ing gastric carcinoma. Duodenal uleer
Diarrheic conditions.  Achylia gastrica.)
9
Early emptying, physiologic. (Hypertonic,
steer-horn stomach.)
Early emptying, pathologie, but slight, or
3 partially compensated. (Duodenal irrita-

tion. Duodenal uleer with obstruction suf-
ficient to prolong the evacuation-time to
two hours in spite of associated hyperperis-
talsis, hypertonus and free pyloric patency.)

4 Normal emptying. (A mornal stomach func-
tionating in a normal manner.)

Disordered motility with abnormal but balanced
factors. (Stenosing carcinoma with achylia;
av ge emptying-time. )

Delayed emptying, physiologic. (Hypotonic
fish-hook stomach.)

5 Delayed emptying, pathologie, but slight or
partially compensated.  (Slight stenosis.

Stenosis with hyperperistalsis,)

6
Delayed emptying, pathologie,
Stenosis.
| (a) Organie, (Obstructing pyloric carcinoma
| 7 Pylorie uleer, Obstructing duodenal ulcer
Zone of Hypomotility Periduodenal adhesions, ete.)

(b) Spasmodic. (Reflex pylorospasm from
| uleer on well above the pylorus, cholecystitis,
| appendicitis, and remote abdominal lesions.
\ 8

Ete.

A diagrammatic representation of motility may assist to a

clearer understanding.

Taking as a basis a meal which leaves

the normal stomach in an average time of say three hours, such
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as the bariumized carbohydrate meal, we may divide gastrie
evacuation time as represented on a scale of hours into three
periods or zones, viz.: (1) A zone of normal motility; (2) a
zone of pathologic hypermotility, and (3) a zone of pathologie
hypomotility.

1. The zone of normal motility must extend from an empty-
ing-time somewhat less than three hours to an emptying-time
considerably greater than'three hours, since we can fix the three-
hour point only as an average on either side of which a variation
may be due to purely physiologic causes. Within this zone we
are obliged also, as a conservative measure, to include slighter
tendencies to hypermotility or hypomotility from causes which,
though pathologic, are not pronounced or are compensated
wholly or in part. General knowledge justifies the assump-
tion that such variation toward hypermotility is not wide,
and for the purpose of this diagram, we may choose the two-
hour point as the normal minimum. The variation toward
hypomotility we may grant to be much wider; Haudek makes
a generous allowance to the end of the sixth hour which we
will accept. The contents of this normal zone would then
include:

(a) Normal motility. (Example: A normal stomach fune-
tionating in a normal manner.)

(b) Early emptying, physiologic. (Example: A hypertonic,
steer-horn stomach.)

(¢) Early emptying, pathologic, but partially compensated.
(Example: Duodenal ulcer with obstruction sufficient to pro-
long the evacuation-time to two hours in spite of an associated
hyperperistalsis, hypertonus and free pylorie patency.)

(d) Disordered motility with abnormal but balanced factors.
(Example: Stenosing carcinoma with achylia, yet with a net
emptying-time of three hours.)

(e) Delayed emptying, physiologic. (Example: A some-

what hypotonie fish-hook stomach.)
(f) Delayed emptying, pathologic, but partially compen-
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sated. (Example: Stenosis with hyperperistalsis, emptying be-
ing retarded, but within six hours.)

2. The zone of hypermotility, restricted to an emptying-
time less than two hours, would include such frankly pathologic
conditions as non-obstrueting gastric carcinoma, duodenal ulcer
and diarrheic conditions.

3. The zone of hypomotility, beyond six hours, would com-
prise the stenoses, both organic and spasmodie, as examples of
which may be mentioned obstrueting pylorie carcinoma or uleer,
markedly obstructing duodenal ulcer, and reflex pylorospasm
from disease of the gall-bladder, or gastric uleer remote from the
pylorus.

As a matter of fact we know that these zones may overlap
each other and that time alone will not delimit normal from
abnormal motility. The diagram, while somewhat practical in
a way, illustrates the time factor only, and as said before, a
final opinion must rest on an analysis of all the factors. The
roentgen method renders this analysis both possible and prac-
ticable, and herein lies its superiority to the test-meal and tube.

Comparison of the Results Obtained by the Roentgen-ray and
the Stomach-tube.—Our own statistics indicate that the six-hour,
bariumized, carbohydrate meal is a more sensitive test of gastric
motility than the method used by the gastroenterologist.* At
the Mayo Clinic during the year 1914 we ran a series of 950
patients who had been examined both by the roentgen-ray and
the test-meal and went to operation. (This, of course, does not
include several hundred operated cases in which one or the

* At 6 p.m. previous to the day of examination the patient takes a modified
Riegel meal; that is to say, he is instructed to eat an ordinary meal which must
include bread, meat and potatoes. An hour later he eats 20 raisins, the skins of
which are easy to identify and tend to remain in the stomach somewhat longer
than the usual food materials. The gastroenterologist's examinations are begur
the next day, about 8 a.m., and depending on the number of patients to be exam
ined, the interval after the motor meal varies from fourteen to sixteen hours
The estimate of motility is based on the presence or absence of food-bits or raisit

skins from this meal as shown by tubing at the morning examination. The gastr

enterologist’s technic includes also the administration of a modified Ewald test

breakfast for the chemical examination, but with this we are not here concerned
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other motor test was omitted.) Two hundred and twenty of
these, or 23.1 per cent., showed at the roentgen examination a
gastrie residue from the six-hour meal.  One hundred and thirty-
one, or 13.7 per cent., had food remnants. In other words, the
roentgen-ray showed approximately 70 per cent. more reten-
tions than the clinical test-meal. The lesions found were: Dis-
ease of the appendix, 125 cases; disease of the gall-bladder, 311;
gastric uleer, 109; gastric cancer, 137; duodenal uleer, 2068.
The accompanying table shows the incidence of retention in
each of these conditions, as found by the roentgen-ray and stom-
ach-tube, respectively. The preponderance of six-hour barium
residues over food remnants from the clinical test-meal is note-
worthy, being twice as great in gastrie uleer and lesions of the
gall-bladder; almost twice as great in duodenal ulcer; and half
again as large in gastric cancer. In the 125 cases with lesions of
the appendix, a retention was noted by the roentgen-ray in only
1 case, and found in only 2 cases by the stomach-tube. In only

12 of 311 cases with lesions of the gall-bladder was retention

noted either by the roentgen-ray or by tubing. The vast major-

ity (209 or 90.4 per cent.) of the 220 patients showing a barium
retention were found at operation to have cancer or ulcer of
the stomach or uleer of the duodenum.

In 16 cases representing all five conditions, the stomach-
tube revealed food remnants, while no six-hour retention of
barium was found by the roentgen-ray. On the other hand,
105 patients had roentgen residues but no food remnants.

In 8 of the cases tabulated under gastrie uleer there was also
a duodenal ulcer. All of these patients showed a residue from
the barium meal, and 6 of them had food remnants.

Besides the cases tabulated above, residues were found by
the roentgen-ray inone patient in each of the following cor ditions:
Cancer of the pancreas, tumor of the ileum, cancer of tie com-
mon duet, hydronephrosis, tumor about head of pancreas, tumor
of left kidney, subdiaphragmatic abscess, and cancer of the as-
cending colon. In the four first mentioned, retention was noted
also by the gastroenterologist.
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How can the discrepancy between the gastroenterologist’s

| results and our own be explained?
1. It would seem probable that

the time elapsing between the

86
51
236

ingestion of the gastroenterologist’s
meal and its withdrawal is too
liberal, and that the stomach was
empty in many instances in spite of
= | an actual and pathologic hypomo-
tility.

- 2. It is quite possible that
‘ the tube may have failed occasion-

Number
without

8

0.0

2| = | ally to ibring up food remnants

which were present. Harmer and
z mwee 2| Dodd,”” by watching with the
roentgen-ray the introduction of
the tube, frequently noted that the
_ | . | tip impinged against the gastric
= | wall, well above its most dependent
portion, and continued efforts to

1.0

pass the tube simply caused it to
curl and displace the tip further

7z
# o - | upward. In other instances it was
- % | found that by passing the usual
| . }
g =~2gz2 |5 | length of tube in cases of ptosis, the

IncipEnce oF Gastric RETENTION 1IN 950 Cases

tip might fail to reach the residuum.
This, they believe, is a common
error. The posture of the patient
and the position the stomach occu-
pies in the abdominal cavity affect
the success of tubage. From their
observations they regard it as
“obvious that failure to recover
gastric residuum with the unaided
stomach-tube from a fasting (
stomach or after the ingestion of a

950
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test-meal cannot be accepted as conclusive evidence of the ab-
sence of gastrie stasis.” Rehfuss, Bergeim and Hawk' have
employed a tube devised on the prineiple of the duodenal tube,
with a slotted metal tip, which by its weight will seek the most
dependent part of the stomach. In instances in which the pas-

sage of the ordinary tube failed to disclose any residue, the new
tube obtained considerable amounts. They found, further, in a
series of healthy persons, that the fluid residuum in the normal
empty stomach far exceeded the accepted limit of 20 c.c., and in
several was above 100 c.c.

3. The tube may have failed to reach food retained in the
lower loculus of an hour-glass stomach. It seems probable that
this occurred in at least one instance of hour-glass stomach in
which the roentgen-ray showed a residue, but the gastroenterolo-
gist reported none.

4. Marked differences as to the quantity and character of
the food taken by the patient may have affected the gastro-
enterologist’s results.

5. In exceptional instances of organic stenosis at the py-
lorus (cancer or uleer) the tube found retained raisin-skins
when the roentgenologic test failed to show a barium reten-
tion. It is clear that a stenosis might be sufficiently narrow to
block the passage of these skins and yet permit a fair exit of
finely divided barium.
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CHAPTER VIII
GASTROSPASM

The roentgenologic diagnosis of disease in the digestive tract
requires a thorough familiarity with spasm of the visceral mus-
culature, its numerous manifestations and their relative signifi-
cance. Though recognized early by roentgen workers and men-
tioned occasionally in the literature, spastic phenomenu. deserve
increasing attention and study, because they are relatively com-
mon and occasionally very perplexing.

Organic deformity of the lumenal contour is the principal
direct roentgenologic sign of disease in the digestive tube. It
is the mainstay of roentgen diagnosis, not only evidencing a
lesion but directly revealing its seat, its extent and often its
character. Conspicuous examples of organic deformity are seen
in the filling-defect resulting from gastrie cancer and the niche of

chronic penetrating gastrie ulcer, the diagnostic value of which

must be conceded.

Many roentgenologists refuse to make a diagnosis in the ab-
sence of these signs, and claim that “sign-complexes” made up
of indirect manifestations are of no value. This view is far too
radical, for the fact remains that if roentgen diagnoses were
limited to cases in which these direct indications are noted, many
lesions of the alimentary canal would pass undiscovered. At
present we are often obliged to rely for diagnosis upon more re-
mote phenomena, such as alterations of motility, tonus and
peristalsis. All of these can be materially affected by spasm.
further, we are also more or less dependent upon changes of con-
tour, spastic in nature but set up by an intrinsic lesion, as, for
example, the incisura and spasmodic hour-glass of gastric ulcer.
Still further, and what is even more important, we encounter and
must be able to recognize spastic deformity of outline produced
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reflexly by extrinsic conditions remote from the deformed organ.
Such deformity may deceptively simulate the distortion pro-
duced either directly or indirectly by an intrinsic lesion. Thus
the roentgenologist is called upon to deal with two typesof spasm.
Probably identical in the mechanism of their production, namely,
an irritant acting through a reflex are, they nevertheless differ
widely in significance. In the one instance the termini of the arc
lie within the same organ; in the other, within different organs.
One is most often a help to diagnosis; the other most often a
hindrance. By a pardonable ellipsis we may speak of the one
form of spasm as intrinsic; the other as extrinsic.

All divisions of the digestive tube are subject to spasm, and
it is so frequently met with that it must be kept continually in
mind by the examiner. Spasm of the esophagus has already
been mentioned. Spasm of the small intestine and colon will be
referred to in their respective chapters.

The favorite playground of spasm, whether of intrinsic or
extrinsic origin, is the stomach. Spasm of the stomach, arising
from an intrinsie lesion, is most generally produced by ulcer, less
often by cancer. ‘

Three forms of spasm due to gastric ulcer may be distin-
guished:

1. The incisura or hour-glass stomach.

2. Diffuse spastic distortion.

3. Spasm of the pylorie sphincter.

1. The incisura, the spastic indentation of the greater curva-
ture in the plane of an ulcer, has been described previously.
Usually narrow, but of variable depth, persistent and permanent
as to situation, it suggests at once the nature of the lesion and
points toward its site. The cavity of the ulcer itself may be
seen often as a niche or pocket, but sometimes neither can be
distinguished. 1In the latter event, the incisura either alone or
in combination with other indirect signs may guide to the diagno-
sis which otherwise could not be made (Fig. 92).

When the incisura is deep the stomach is bilocular and may
either be described as an hour-glass stomach, or the incisura only




GASTROSPASM 5

F1a, 92.—Spastic incisura at @, opposite an uleer on the

posterior wall near the lesser
curvature,

Fia, 93.—Spastic hour-glass at a accompanying perforating gastrie ulcer, b,
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may be given emphasis by the examiner. In other instances the
width and depth of the constriction are so extreme that the
characteristics of a typical incisura are lost, and a pronounced
hour-glass form is seen (Fig. 93).

2. Gastric uleer often gives rise to a diffuse spasm affecting ¢
considerable extent of the pyloric segment, whether the ulcer be
situated in this region or higher up in the stomach. The stom-
ach, well outlined in its upper portion, shades off into a poorly

FiG. 94.—Diffuse spasm, pyloric portion of stomach at a, in association with a gastric
uleer, the crater of which can be seen at b,

filled, vaguely outlined, antral area, resembling the filling-defect
of a pylorie cancer (Fig. 94). By manipulation the opaque in-
gesta can sometimes be foreed into that part of the stomach so as
to give it a normal outline, but when manipulation ceases the
defect reappears. This diffuse spasm may be the sole roentgeno-
logic sign of the ulcer.

3. An uleer situated in the pyloric segment is rather fre-
quently accompanied by a retention from the six-hour meal.
Uleers situated well away from the pylorus are also often
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associated with a six-hour retention. This retention has been
variously aseribed to reflex pylorospasm from the ulcer, to

impairment of peristalsis by the uleer and to pylorie spasticity
excited by hyperacidity. Be this as it may, we have seen cases
in which a retention from the six-hour meal was the only dis-
coverable sign of the ulcer.

Cancer of the stomach, aside from the organie filling-defect
produced by the tumor-mass, may produce also more or less

spastic distortion of the gastric contour. For example, a cancer
involving only a portion of the lesser curvature may be accom-
panied by a spastic indrawing of the greater curvature opposite
the lesion. When present, it is usually of considerable width
and exaggerates the lumenal narrowing produced by the tumor.
The examiner is quite apt to regard the broad incisura as a part
as the organic filling-defect, but generally the incisura is sharply
sketched, while the filling-defect shades off gradually. The mat-
ter becomes of importance in forming an opinion as to the prob-
able extent of the cancerous invasion. In rare instances a spas-
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tic incisura may be the only definite roentgen manifestation of a
small cancer (Fig. 95).

All of the above-deseribed spastic phenomena are intrinsic,
that is to say, they originate from lesions of the stomach itself.
Quite as frequent, perhaps even more frequent, are the extrinsic
spasms—those which accompany abnormal conditions outside

the stomach, often remote from it.

F16. 96.—Apparent filling defect, pyloric segment, at a. At operation disease of
the gall-bladder was found but no lesion of the stomach.

One of these spasms takes the aspect of an incisura which is
much like that of gastric ulcer but usually is either intermittent,
or progresses toward the pylorus like a gigantic peristaltic wave.
Occasionally a marked hour-glass form of the stomach which
may either relax suddenly or persist throughout the entire period
of examination, has an extrinsic cause, though it is difficult for
the examiner to abandon his suspicion of the presence of a lesion
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in the stomach. Intermittent and traveling incisure and
transient hour-glass contraction of the stomach seem to occur
more often in conjunction with duodenal uleer than with any
other morbid condition. Equally misleading is a spastic filling-
defect, of extrinsic origin, occurring more commonly in the py-
lorie end of the stomach, and resembling a pyloric cancer or the
diffuse spasm provoked by a gastrie ulcer (Fig. 96).

In many instances after a barium meal is given none of it
is seen to pass the pylorus for several minutes. The total and

Fia. 97.—Spasm of the pylorie segment producing a spigot-like appearance

free acidity are not unduly high, and there may or may not be
a residue from the six-hour meal. At operation cholecystitis or
chronice appendicitis is found, but no lesion of the stomach. 1In

such cases there is evidently a pylorospasm, not necessarily in
the clinical sense, but a spasticity of the pyloric sphineter, for
which the only explanation that can be offered is the diseased
gall-bladder or appendix. Sometimes the entire pylorie third
of the stomach is shrunken to a stiff narrow tube which may be
palpable to the examining fingers. The tube projects like a
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spigot from the well-expanded fundus, and shows a striking
likeness to the eanal through a pylorie tumor. This species of
spasm has disease of the gall-bladder as its usual associate
(Fig. 97).

The foregoing extrinsically caused spastic manifestations
are all localized or regional, but spasm from an outside source
may affect the entire gastric musculature, giving rise to what
Holzknecht and Luger! have called “total gastrospasm.” This
may be characterized as a gastric hypertonus which far exceeds
physiologic limits and renders the stomach contracted, tense
and inert. The stomach is visibly diminished in size. The gas-
bubble is small. Little secretion is present as a rule. Canali-
zation is delayed, the first swallows of the meal being held high
in the fundus. With continued filling the ingesta finally reach
the pylorus, and the stomach assumes a fish-hook form but of
diminutive size. It lies up under the left costal arch and en-
tirely to the left of the spine. On further addition to the gastric
content the fundus expands to accommodate it, but the pyloric
portion remains narrow. Peristalsis is usually absent alto-
gether, although there may be a few faint, irregular waves.
The gastric contour lacks the smooth regularity of the normal
filled stomach, being finely notched and broken here and there.
Mobility and flexibility are not only actually lessened somewhat
by the stiffened spastic gastriec wall, but, by reason of the high
sheltered position of the stomach, it often seems to be practi-
cally immobile and inflexible. The pylorie sphincter, on the
other hand, may remain steadily open, and there is an early,
free and continuous exit of the bariumized meal. The whole
picture is much like that of an extensive gastric cancer and
might easily deceive the unwary (Fig. 98). It should be reiter-
ated that the frequent resemblance of reflected gastrospasm,
whether local, regional or total, to the filling-defect of a cancer,
makes it a source of danger, not only to the novice but to the
expert as well. It follows that in the presence of what seems
to be a filling-defect, precautions should always be taken to ex-

clude the possibility of spasm.
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Fra. 98.—Total gastrospasm. Note marked irregularity of stomach and gaping
pylorus. The two views, taken with only a brief interval between, show that the gastrie
deformity, though persistent, varies in aspect, thus distinguishing it from deformity due
to an organic lesion.
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To sum up, the manifestations of gastrospasm from an ex-
trinsic reflex include the following:
1. Displacement of the stomach upward and to the left.
2. Diminution of gastric capacity.
3. Small size of the gas-bubble and small amount of secretion.
4. Tardy canalization.
5. Lessened mobility and flexibility of the stomach.
6. Disturbance of peristalsis:
(a) Diminution.
(b) Exaggeration.

-3

Disturbance of the pylorie function:
(a) Gaping of the pylorus.
(b) Spastie contraction of the pylorus.
8. Incisura-production and hour-glass form of the stomach,
9. Deformity and pseudo filling-defects of the gastric con-
tour, either local or general.

Etiology. —Admittedly the etiology of gastrospasm from
causes outside the stomach is hardly susceptible of flawless
proof. The association of duodenal ulcer, disease of the gall-
bladder and appendix, hysteria and fright with gastrospasm is
so frequent that the assumption of an etiologic relationship
seems only rational. Other probable causes which have been
noted include pancreatic disease, tabes, arteriosclerosis affecting
the abdominal viscera, renal and ureteral caleuli, uremia, and
poisoning by lead, nicotin and morphin. Through the agency
of the sympathetic to which it responds readily, the stomach
obviously might be affected reflexly by these and many other
disorders.

Differentiation.—Given a case which shows an irregularity
of the gastric contour, the examiner must determine, as far as
he can, whether the distortion is due:

1. To an organic lesion producing deformity directly at the
seat of the lesion, or

2. To spasm set up by a lesion of the stomach, or
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3. To spasm oceasioned by or associated with abnormal con-
ditions elsewhere than in the stomach.

This is best carried out by a process of exclusion, for while
a parallel tabulation of the traits of these three conditions shows
some discouraging similarities, there are, nevertheless, certain
practical tests by which differentiation can be effected in most
instances.

1. Deformity of the gastric outline produced by an organic
lesion is persistent, constant in situation and unvarying in as-
pect. If due to a new-growth and accessible to manipulation,
a palpable mass corresponding to the defect may sometimes be
found. Its borders are sometimes sharp, but more often gradu-
ally shaded, and frequently the alternating elevations and de-
pressions are seen as if in a stereoscopic view. It may be either
painful or tender. The niche and accessory pocket of gastric
uleer are pathognomonie of themselves. Adhesions about the
stomach are relatively rare, except those resulting from perforat-
ing gastric ulcer and disease of the gall-bladder, and they do not
often deform the gastrie contour.

If the gastric lumen near the pylorus is markedly encroached
upon by an organic process, some degree of obstruction will be
evident. The irregularity of contour is still seen at repeated
examinations. It cannot be made to disappear by giving an
antispasmodic.

2. Spasm resulting directly from an ulcer or cancer in the
stomach is manifest usually in the segment involved, and espe-
cially in the area opposite the lesion. It tends to be constant
in situation. As a rule, it is persistent and continuous, although
it has been claimed that shallow erosions may cause intermittent
spasm. The intensity of contraction may vary from time to
time and thus alter its appearance. Its border is generally
clear cut, but it may show as an indefinite zone of incomplete
filling. The spastic area is not painful or tender, though there
may be pain or tenderness localized to the causative lesion
The lesion provoking the spasm may be seen as a niche, accessory
pocket or a neoplastic filling defect. The progress of the meal
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may or may not be retarded, depending upon the extent of the
lesion rather than upon the spasm, unless the pyloric ring is
implicated. The spasm tends to persist at subsequent exami-
nation; it does not disappear after giving antispasmodies.

3. Indirect and remotely caused gastrospasm is often brief in
duration or intermittent in appearance. It may be of the mi-
gratory type, traveling toward the pylorus like a peristaltic wave,
or, though continually present in one situation, show a changing
aspect from time to time. No tumor-mass corresponding to the
defect can be felt ordinarily, and the exceptional spasm which
produces a palpable stiffening of the gastric wall merely proves
the rule. The borders of the spastic area usually are sharply
delineated but if the spasm is shifting during the time of the
exposure, the gastric contour may be hazily blurred in outline.
The patient does not complain of pain at its seat, nor is it tender
to pressure.  Aside from marked pylorospasm, spasms of the
gastric musculature do not give rise to any characteristic sub-
jective symptoms.  Unless spasm involves the pylorie sphineter,
it tends to accelerate gastrie motility rather than retard it.

Remotely reflected spasm s likely to be absent al a second
examination. It almost invariably disappears after the administra-
tion of an antispasmodic lo physiologic effect (Figs. 99 and 100).

Of course, it will be readily understood that these differential
features are not absolute and inflexible, and the examiner may
oceasionally be foiled in a satisfactory analysis of his findings.
\t any rate, he ought not to omit any method that will eliminate
indirect spasm from the field of consideration.

A prime quality of remotely reflected spasm is its instability,
so that a second examination alone may suffice to exclude it.
A practieal test, upon which most roentgenologists rely for the
exclusion of reflex spasm, is the administration of belladonna or
its alkaloid.  Irregularity of contour produced by a new-growth,
infiltration or adhesions of the gastric wall is of course, not
altered by this drug. Likewise, the spasm arising directly from
a lesion, such as the incisura of gastric uleer, withstands its
influence. Spasm reflected from a distant source vanishes.
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Fra. 99.—Spasmodic hour-glass stomach from an extrinsic cause

Fra. 100,—Same case as Fig, 99, Hour-glass effaced after giving belladonna
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We have obtained the best results by giving belladonna in the
form of the tineture in doses of 15 to 20 drops, three times daily
for two or three days, and then reéxamining. The essence of the
test, however, does not depend on any arbitrary dose, but on ob-
taining the physiologic effects of the drug, as shown by dryness
of the throat, dilatation of the pupils, ete. If the effects are not
obtained the second examination will be inconclusive. Hence
the patient should be seen once or twice daily and the dose in-
creased, if necessary. On the other hand, the patient may have
an idiosynerasy for belladonna and this should be kept in mind.
To save time, atropin sulphate in a dose of }{o0 to }50 grain may
be given hypodermatically and the second examination made a
half-hour or an hour later. We do not use atropin hypoder-
matically because it is difficult to determine the dose necessary
to produce a physiologic effect in a given case.

Spasm of any sort, whether intrinsic or extrinsic, disappears
under general anesthesia. The spasmodic hour-glass stomach,
due to an intrinsic cause and persisting after giving belladonna
to physiologic effect, is not present at operation because it is
relaxed by deep narcosis. Consequently, the surgeon finding no
hour-glass on opening the abdomen may complain that the
roentgen diagnosis is incorrect, and conclude that it is needless
to look for any trouble in the stomach. However, a careful
search will usually reveal a lesion, either in the stomach, or,
exceptionally, in the duodenum.

In this connection we might say that while belladonna usually
ses, the incisura

relaxes gastrospasm arising from extrinsic ca
or hour-glass contraction of the stomach associated with duod-
enal ulcer appears to be an exception, for we have seen several
instances in which this variety of spasm withstood the bella-
donna test.

The employment of papaverin and of Sahli’s capsules to
differentiate spastic retentions from those due to organic ob-
struction has been deseribed in the discussion of disordered

motility.
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Fia, 101 Hour-glass contraction at a, with distal narrowing.

Fia, 102,—8Same case as Fig, 101. Stomach of normal contour after giving an anti-
spasmodic,
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Female, aged 39 years.  For twenty-two years, at

intervals of one to four years, the patient has had attacks of severe
abdominal pain lasting for as long as one week, The attacks usually
begin with weakness, loss of appetite and bloating, these symptoms
being followed by the gradual development of pain at the right costal
margin which radiates to the right shoulder-blade. At times the pain
is so severe that morphin is required.  There is no pyrosis or vomiting
and no loss of weight., Some tenderness is noted in the right iliac
fossa; none in the upper abdomen.  Total acidity 32; free 16; combined
16.  Roentgen examination: Prepylorie irregularity. Tendency to-
ward hour-glass form (Fig, 101).

Fra, 103~ 0Obliteration of pylorie segment by spasm.  Spastie area at a.

Second examination, four days later, after the administration of
belladonna: Trregularity and hour-glass form absent.  Stomach and
duodenum negative (Fig. 102).  The deformity of the stomach in this
case therefore, was quite elearly due to reflected gastrospasm.  Find-
ings at operation: Chronie choleeystitis,  One large stone.  Appendix,
negative,  Stomach and duodenum, negative,
Case 117,798, Female, aged 66 years.  In the past five yvears the
patient has had many attacks of hard grinding pain in the right abdo- ¢
men, radiating downward, and which comes on suddenly and lasts up ¢
to twelve hours.  This pain is accompanied by much gas and bloating.
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For four years soon after meals she has had daily distress in the
stomach, with sour vomiting.  Former weight was 130 pounds; pres-
ent weight 105 pounds.  Total acidity 24; free, 16; combined K.
Roentgen examination: Retention of half the six-hour meal.  Prepy-
lorie narrowing and irregularity (Fig, 96).

»

Fra. 104~ Loealized spasm of greater Fia. 105, —Same case as in Fig. 104
curvature Spasm absent at second examination

nd.  Stomach normal at operation pyloric portio

Fra. 106, Spa irregularit

normal; cancer of sigmoid

Without giving belladonna, a second examination was made and
he prepylorie irregularity was found still present.  This was believed
to be due to a prepylorie lesion.  As the sequel shows, the case illus-

rates (1) the deforming effeet of reflected spasm, and (2) the necessity
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of giving an antispasmodic before reéxamining. Findings at opera-
tion: Cholecystitis with multiple papillomas of the gall-bladder.
Chronie appendicitis.  Normal stomach and duodenum.

Case 106,124, Male, aged 70 years. The patient has had inter-
mittent diarrhea for six months and in the early part of this period had
several attacks of vomiting, each attack lasting a day. He is on a
rigid diet consisting chiefly of beef tea and toast. When this is not
adhered to, he occasionally has epigastric pain. At times there is
pain in the lower abdomen. Weight loss, 40 pounds. Marked
weakness.  Total acidity 14; free, 0; combined 14. Roentgen exami-
nation: No retention from the six-hour meal. Pars pylorica prac-
tically obliterated; the pars media ending in an irregular stump.

Diagnosis: Cancer (Fig. 103).

The tentative clinical diagnosis was disease of the gall-bladder,
but in view of the pronounced roentgen findings the final diagnosis
was cancer. Findings at operation: Large septic gall-bladder, con-
taining 8 ounces of bile and a number of stones. Marked thickening
of pylorie ring due to spasm,

In this instance the roentgen examiner should have suspected spasm
for the following reasons: An organic lesion of the size indicated in
the roentgenogram should have produced a six-hour retention and a
degree of gastrectasia. Neither of these conditions was present.
Further, a carcinomatous growth of this extent and in this situation
would undoubtedly have been palpable and in this case none was felt.
Thus there were at least three very good reasons for a reéxamination

after the administration of belladonna.
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CHAPTER IX
GASTRIC CANCER

In the detection of cancer of the stomach, the roentgen-rays
take precedence over all other methods, despite the fact that
“we are only in the daguerreotype stage of roentgen photog-
raphy.”' In the Mayo Clinie, 95 per cent. of gastric cancers
have given distinet roentgenologic signs of their presence, a
percentage not approached by any other process of examination.

Since nearly one-third of all eancers occur in the stomach,
and since early recognition and operation alone afford a chance
of cure, any measure which will increase the number of correct
and early diagnoses is of the highest importance.

Prior to the development of gastric roentgenology, reliance
for diagnosis had to be placed upon the history, the physical
examination and the gastric analysis. Significant in the history
were: middle or advanced age of the patient; digestive disturb-
ance, such as anorexia, vomiting, occasionally pain, hemateme-
sis, ete.; anemia, cachexia and loss of weight. By the physical
examination search was made for the presence of a tumor. The
gastric analysis was scanned for achlorhydria, food remnants,
blood, and Oppler-Boas’ baeilli.

It is quite clear that the most important of these evidences
can result only from a cancer that is well advanced or obstruct-
ive. The records of our clinic show that in a large series of
e

sases confirmed by operation, 67 per cent. of the patients had
palpable tumors and 53.3 per cent. had food remnants. In
other words, 33 per cent. had no palpable tumors and 46.7 per
cent. had no food remnants to indicate obstruction. It is pre-
cisely in such cases as these that the roentgen-rays have their
greatest field of usefulness.

Indeed it is no longer necessary to
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wait until a clinical diagnosis can be made on the presence of
a palpable tumor, food remnants, Oppler-Boas bacilli, ete.

There is no intent to say that the clinical data should be
discarded. On the contrary, the roentgenologist should be ac-
quainted with the clinical facts in every instance. If suggestive
of cancer, they will stimulate him to a more exhaustive search.
If negative, they will exercise a wholesome restraint upon his
interpretation of the reflex phenomena so often produced by
conditions outside the stomach. More important still, the
final diagnosis should be compatible with all the findings, if
possible, and oceasionally only their correlation will make the
diagnosis. A combination of all methods forms a net through
which few cancers will escape.

It must be conceded that the carcinomatous character of
tissue can be determined positively only by the microscope; the
roentgen-rays can show merely the presence of a gastrie tumor,
which may or may not be malignant. However, benign gastric
neoplasms are uncommon; according to Graham,® 95 per cent.
of tumors of the stomach are cancer. Further, in the occasional
instance of a non-malignant new-growth, if the salient features
of the clinical history are considered, the diagnostician will be
at least suspicious of the fact.

The roentgenologic manifestations of gastrie cancer include
departures from the normal contour, pylorie action, peristalsis,
motility, flexibility, mobility, position, and size of the stomach.
Enumerated in the order of their relative importance, these

signs are:

1. Filling-defects.
2. Alterations of pylorie funetion:

(a) Gaping of the pylorus.

(b) Obstruction of the pylorus.
3. Perversion of peristalsis:

(a) Absence of peristalsis from involved areas.
(b) Weak peristalsis.
(¢) Antiperistalsis,
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(d) Exaggerated peristalsis.

(e) Irregular peristalsis.

Altered motility:

(a) Rapid and early emptying (non-obstructive cases)

(b) Delayed emptying (obstructive cases).

Lessened flexibility.

Lessened mobility.

Alteration of size (capacity):

(a) Shrinking.

(b) Dilatation.
8. Persistent local spasm.
9. Displacement.

Filling-defects.

The filling-defect is the basic roentgeno-
logic sign of cancer and practically indispensable to a positive

Fia. 108.— Small encircling cancer at the pylorus. Filling defect at a
diagnosis. It is occasioned by the projection of the tumor into
the barium-filled lumen of the stomach, thus producing irregu-
larity of contour. At the stage at which most patients first

come for examination, the tumor has usually attained consider-
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Fra. 109.—Cancer involvicg entire pylorie segment.

Same case as in Fig. 109.—Photograph of specimen after resection,

Fia

110
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able size, and the filling-defect is sufficiently extensive to be
readily seen.

In aspect, filling-defectz vary somewhat according to the
character and seat of the neoplasm. The fungoid cancer often
reveals multiple gross irregularities, gradually shading off into
the barium shadow and showing the elevations and depressions
in perspective.

Fia, 111.—Central filling defeet, a, eaused by a rounded eancer-mass projecting_into

the gastric lumen

The infiltrating scirrhous cancer may narrow greatly (though
somewhat regularly) the lumen of the affected portion, which is
most commonly the pylorie end.

A small cancer encireling the pylorus may produce a broad-
ening of the duodenopylorie sulcus or a conieal vestibule (Fig.
108). A more extensive cancer may seemingly cut off the entire
pylorie segment (Figs. 109 and 110).

High up in the pars cardiaca the tumor may infringe upon
the contour of the gas-bubble and contrast with the translucency
of the latter. 1If the esophageal opening is involved, obstruction
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of the esophagus may be noted, with backing up of the meal and
dilatation of the gullet.

A tumor on the anterior or posterior wall alters the contour
in the oblique or sagittal view; in the anteroposterior view it
may show centrally as a less dense area within the barium
shadow (Fig. 111).

The actuality and permanence of filling-defects cannot be de-
termined with finality by a few roentgenograms alone. Issen-
tial here is the sereen-examination, during which the gastric

Fra. 112.—Filling defeets in pyloric and mid portions of stomach

shadow can be studied at various angles by turning the patient

and observation can be made of the effect of active and passive

movements.

A true filling-defect is permanent, showing no change in loca
tion or appearance after palpatory manipulation, after adminis
tration of antispasmodies, or upon reéxamination.

Absence of peristalsis from the suspected area isstrongly con
firmatory.

The correspondence of a filling-defect to a palpable mass
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Fig. 113.—Cancer in upper cardia. Filling defect at a

Fia. 114.—Exclusion of barium from prepylorie region, a, by small obstructing cancer.

12
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indicative of its genuineness. Tumor-masses that elude detec-
tion at the physical examination are sometimes fclt by the roent-
genologist.  Descent of the mass into a region where it may be
palpated is favored by the upright posture, and the shadowed
gastric outline enables the examiner to palpate a specific area
with greater exactness.

Unevenness of outline and lack of symmetry are rather con-
stant in true filling-defects.

Fia., 115.—~Hour glass stomach of eancer. Constriction and irregularity
of contour at a.

Filling-defects in the pars media or pars pylorica (Fig. 112)
are less likely to be overlooked than those in the pars cardiaca.
A filling-defect well up in the fundus may be brought into better
relief by pressing the barium upward, or by sereening and plating
with the patient in the recumbent position (Fig. 113). With the
patient standing, small filling-defects in the pars pylorica also
require careful study for detection, owing to the difficulty of ob-
taining a clear outline of this region because of its proximity to
the spine, and the tendency of the barium to settle away from the
pylorus of a fish-hook stomach (Fig. 114). A small defect, well
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seen in the partly filled stomach, may be concealed in the dis-

tended stomach. Henece, observation should be made during the
process of ingestion as well as after repletion. The tube-box
diaphragm should be actively employed while sereening and the
aperture narrowed to increase the distinetness of small suspected
areas, thus facilitating close serutiny.

Filling-defects situated in the pars media oceasionally pro-
duce hour-glass deformity (Fig. 115). More commonly such an
hour-glass is of the X-type in contradistinetion to the usual
B-type of gastrie ulcer or spasm, though this distinetion is not
invariable. As a rule, the hour-glass of cancer lacks the sharp
definition of the hour-glass of uleer or spasm, and shows an indefi-
nite shading off.

Filling-defects from Causes Other Than Cancer.— Filling-de-
fects, either apparent or real, may be produced by numerous
conditions other than cancer. Apparent filling-defects may re-
sult from the use of faulty media; secretion in the stomach; food
remnants; hair-ball; gas or fecal matter in the colon; barium in
the bowel adjacent to the stomach; lordosis and scoliosis; pressure
of the stomach against the spine; pressure of a deformed costal
arch; strong retraction of the upper abdominal wall; spasm;
adhesions from perigastric inflammations; extrinsic tumors;
displacement and distortion of the stomach by ascites, ovarian
cysts, pregnancy, ete. Actual filling-defects, not distinguish-
able of themselves from those of cancer, may be caused by vari-
ous benign tumor-producing lesions of the stomach.

Faulty media in which the barium is unevenly distributed
may give varying degrees of opacity in the gastriec shadow and
thus imitate filling-defects. The mixture may be too stiff,
poorly mixed, or an insufficient quantity of barium may be used.
With very thin mixtures the barium often settles to the lower
pole, leaving the upper gastric lumen unvisualized. A little
palpatory shifting of the gastric contents readily shows the
character of these pseudo-defects, and erroneous interpretation
is not likely to occur unless an attempt is made to base a diagnosis
upon plates alone.




180 GASTRIC CANCER

Sometimes secretion is imprisoned in the pylorie end of a
fish-hook stomach, showing as a clear area above the opaque
meal. The straight horizontal line of demarcation between the
secretion and the barium is indicative of the artificial nature of
the defect. By palpatory pressure the secretion can be dis-
placed by the meal, or passed into the duodenum.

Food masses in the stomach, by exeluding the barium from
the area in which they lie, may simulate filling-defects. Here
palpatory shifting of the gastric contents will eause the seeming
defect to change its situation or disappear. However, as a mat-
ter of routine, patients should be examined only in the fasting
condition. Employment of the tube to withdraw food rem-
nants in cases of pyloric stenosis should be resorted to unless
otherwise contraindicated.

Occasionally a hair-ball is found in the stomachs of neurotic
persons who are addicted to biting the hair. The accumulation
may be a rounded ball, or may form a complete cast of the gas-
tric cavity. In either event, after giving the bariumized meal
the peripheral gastric contour will be shown fairly well. If the
hair-ball is small it will show as a central area of diminished den-
sity somewhat like the filling-defect produced by a cancer on the
anterior or posterior wall. The ball may be shifted about by
palpation or even displaced upward into the gas-bubble. If the
entire stomach is filled by the hair-mass, the gastric shadow will
show peculiar streaking and mottling throughout.

(ias in the colon is a source of annoyance. Even after prepa-
ration of the patient by purging there is usually more or less
gas in the splenic flexure.  Frequently the distention is sufficient
to infringe upon the greater curvature and produce considerable
deformity. Such irregularities ought not to be very deceptive,
as they change with manipulation, and the distention of the
transparent haustrated loop of intestine is rather obvious (Fig.
116). Rarely, the transverse colon may be displaced upward
[ts course may be traced

and lie directly across the stomach.
Fecal matter in the bowel

by its transparency and haustration.
also may cause indentations in the adjacent gastric contour.
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Deformities of the dorsal and lumbar spine, including lordo-
sis and scoliosis, which may deform the contiguous gastrie con-
tour, are rather manifest and rare.

Pressure of the stomach against the spine, either normal or
with well-marked physiologie lordosis, often disfigures the trans-
spinal portion of the stomach. This disfigurement is seen often
on plates made with the patient’s abdomen pressed tightly

Fia. 116.—Gas in colon eausing pseudo-filling-defect at a

against the cassette (Figs. 117 and 118). Not rarely it is ob-
served also during roentgenoscopy, especially when the patient
maintains a high degree of abdominal rigidity and tension.

These pseudo-defects can be avoided by encouraging the patient

to relax his abdomen during the sereen-examination, and by
supporting the hips and shoulders when making plates in the
prone position.

Strong retraction of the belly-wall sometimes oceasions a
wide, regularly curved depression in the greater curvature of the
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Fia, 117 Deforming effeet of pressi

re against the spine I'he ruga of the stomach
ean be seen in the distorted area

FiG, 118.—Gross deformity of mid portion of stomach due to pressure against the
spine.
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stomach just below the left costal arch.  Tts smooth, sharp out-

line and its situation should differentiate it from an actual
filling-defeet (Fig. 119)

Spasm of the gastric musculature may produce very de-
ceptive imitations of the filling-defects eaused by eancer.  Mi-
grating or intermittent spastic contractions which are seen
frequently, are evidently spasmodie because of their changing
situation or interruption; but spasm is not always migratory or

intermittent.  Often a non-moving, spastie incisura will indent

Fra. 119.—Incurvation of the greater curvature at the left costal arch I'his is ¢

en in thin persons with tense abdominal walls

the-stomach so as to form an hour-glass, exactly simulating an
organic hour-glass stomach. In other cases the entire pyloric
portion of the stomach may be constricted to a stiff, narrow tube,
rolling under the palpating fingers as a eylindrical mass.  Again,
the entire stomach may be spastically contracted, small, and un-
even, without definite peristalsis.  Inallthe above conditions the
outline of the stomach, though not regular, is sharply defined,
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and this circumstance should put the observer on guard. How-
ever, there is still another variety of spasm which is dangerously
misleading; in this form the barium shadow in the spastic area,
which may be large or small, fades off toward the gastrie per-
iphery, exactly as though intruded upon by a tumor-mass. The
spasm may sometimes be effaced by massage during the sereen-
examination, but as a rule it reappears. If accessible to palpa-
tion, the absence of a tumor from the suspected region should
suggest cautious interpretation. The pyloric portion of the
stomach is a common seat of this spastic deformity.
The points of difference between true filling-defects and those
produced by spasm can be summed up as follows:
The true defect is permanent, often corresponds to a pal-
pable mass if accessible, and is not often sharply delineated.
The spastice filling-defect is often migratory or transient and
is frequently sharp in outline; the contracted musele is rarely
palpable. Spasm may disappear upon distracting the attention
of the nervous patient thereby eausing him to relax his abdomen,
or by vigorous palpatory manipulation. Also, it may disappear
or change its situation at a second examination. In many cases
re¢xamination after the administration of an antispasmodic is
necessary. Belladonna, atropin, and papaverin are the drugs
employed most generally (see Gastrospasm). Physiologic
effects from the drug must be obtained, and large doses may
be necessary. This procedure should never be omitted in any
case in which the possible existence of spasm cannot absolutely
be eliminated. In rare instances spasm may persist in spite
of this measure, but such cases are quite uncommon.
rastric inflammations may pro-

Rarely, adhesions from peri
duce distortions resembling the filling-defects of cancer. The
inflammatory process originates most commonly from perforat-
ing gastric ulcer or from pericholecystitis. A perforating gas-
triculeerin the pars media, producing perigastric adhesions, isapt
to reveal its identity by a pocket, a niche, or an incisura. Per-
forating ulecer in the pars pylorica may be less characteristic
and fairly difficult to distinguish from cancer.
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Tumors extrinsic to the stomach that deform its contour
may originate in the liver, spleen, pancreas, kidney, large or
small bowel, omentum, mesentery, or belly-wall. As a rule,
the filling-defect oceasioned by their thrust into the gastric lumen
is usually smoothly rounded, the inequalities of the tumor being
covered by the wall of the stomach (Fig. 120). Unless these

tumors are adherent to the stomach, which is not usual, changes

Fra. 120.—Gastrie contour deformed by an extrinsic tumor—pancreati
of position of the stomach with respiration or by palpation will
alter the location of the filling-defect. In such cases, also, the
peristalsis is usually normal, and this fact contraindicates a
tumor of the stomach itself.

The stomach may be eccentrically distorted and displaced
by ascites, ovarian eysts, and other large abdominal tumors,
pregnancy, or even by a tensely retracted abdominal wall.
Such conditions should be rather patent.

Sarcoma, tumor masses produced by syphilis and benign
neoplasms, as well as varicosities of the gastric veins, may cause

filling-defects practically identical with cancer. These condi-

R —
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tions are so unusual that the roentgenologist should not be un-
duly alert for them. If syphilis is suspected, the Wassermann
test should be applied.

Alteration of Pyloric Function.—In cancer the pylorie fune-
tion may be perverted in either one of two quite opposite ways,
namely, either by gaping or obstruetion. The burium water
often flows through a normal pylorus, with little or no inter-

Fra. 121, —Gaping pylorus in a e of gastric eancer, Note quantity of barium
in duodenum and upper small bowel. This stomach emptied itself of the opaque meal
in a very few minutes, The filling defect of the cancer is seen in the eardiac portion of
the stomach.

ruption, but as soon as the thicker pap is given the flow usually
becomes less free and intermittent. The gaping pylorus of
cancer is characterized by a free and continuous exit of both mix-
tures into the intestine. Very commonly the stream is volumi-
nous and the upper small bowel is speedily filled with the opaque
mixture (Fig. 121). The stomach may be almost or even com-
pletely emptied during the brief period of examination.
Gaping of the pylorus results from an interference with its
sphincterie contraction, either by infiltration and stiffening of

R— e
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Six-hour retention, ¢

F1a. 123.—Same case as in Fig. 12

stomach filled.  Prepylorie filling defect at a.
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the muscular ring or by an absence of the pylorus-closing reflex.
Thus it is seen quite typically in scirrhous cancer involving the
pars pylorica, but is found also in association with eancers of
the cardia or media, either seirrhous or medullary. A free and
continuous flow somewhat similar to that seen with the gaping
pylorus of cancer may be found in other conditions, such as
duodenal uleer, gall-bladder disease (with or without adhesions),
achylia, certain diarrheas, and sometimes even in chronic ap-
pendieitis. It should be said, however, that in these conditions
the flow as a rule is less voluminous than that noted typiecally

i“ cancer.

Fia. 124 Photograph of resected specimen from ecase shown in Fig. 123

Pylorie obstruction, as evidenced by a six-hour residue in
the stomach, oceurs in about 60 per cent. of gastric cancers
oftener than with any other lesion. The amount of residue
varies with the degree of obstruetion (Figs. 122, 123 and 124).
[t is noteworthy that the lumen of the pylorie canal may be
considerably diminished by the intrusion of a cancer without
resulting in a six-hour residue, for the reason that the lessened
caliber is compensated by the lack of sphincteric control.  Since
numerous causes other than cancer may operate to produce a

six-hour gastrie retention, the oresence of a residue should not
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be given undue weight in making the final diagnosis, but its
oceurrence should stimulate a ul search for filling-defeets
:I“‘l lll]“‘l' eV i‘ll'”(“" ol cancer.

Peristalsis.—The perversions of peristalsis resulting from
gastrie cancer are varied. Absence of peristalsis from a can-
cerous area of the gastriec wall due to loeal loss of muscular con-
tractility is a valuable sign. In some such instances a wave
may progress to the affected site, skip it, and take up its course
again beyond, and this observation is one test for the genuine-
ness of cancerous filling-defects, Weak peristalsis, the waves
being both shallow and infrequent, is fairly common in cancer
Frequently the stomach seems to be perfeetly inert. Anti-
peristalsis is occasionally observed in cancer with pylorie ob-
struction. The antiperistaltic waves are best seen on the greater
curvature in the pars pylorica and media. The waves, though
sometimes deep, are usually wide and shallow. Beginning at
the pylorus, they sweep slowly backward and disappear in the
upper pars media. They may coexist with peristaltic waves
traveling in the normal direction. Exaggerated peristalsis, as a
sequence of cancer with pylorie obstruction, is more rare than
might reasonably be supposed. When seen, the exaggeration is

usually more marked on the greater curvature. It may be irreg-

ular as to the depth and succession of the waves; a fairly deep
wave may be closely followed by a shallow one, while the next
may be normal as to depth and rhythm. None of the foregoing
perversions of peristalsis is peculiar to cancer, and they are
merely indicative of a pathologic process.

Altered Motility.—Iimptying of the cancerous stomach may
be either retarded or accelerated, according to the presence or
absence of pyloric obstruction. In the non-obstructive cases
hypermotility is the rule, and is a natural sequence of the achylia
and gaping pylorus. The acceleration of gastric clearance may
be extreme and the stomach evacuate itself with extraordinary
rapidity. The acceleration is exhibited often not only in a rapid
and early clearance of the stomach, but also in an advanced posi-

tion of the six-hour meal, the head of the barium column appear-
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ing in the transverse colon, the splenie flexure, the descending
colon, or even the ampulla. In the obstructive cases, delayed
clearance is shown by the six-hour residue. That portion of the
meal which has passed through into the intestine may or may
not show retarded progress. It is to be remembered that gastric
motility may be affected by many things other than cancer.
Hypermotility of moderate degree is a common result of non-
obstructive duodenal uleer, achylia, and diarrheic conditions.
Hypomotility, with or without a six-hour retention, may result
from any sort of organic obstruction at the pylorus or near be-
yond, or from reflex pylorospasm.

Lessened Mobility.— Exceptionally, when it involvesadjacent
structures, a cancer pr yduces more or less fixation of the stomach.
The attachment may be to theiabdominal wall, or to the liver
pancreas, or other viscera. The presence of fixation may be de-
termined sometimes, but not always, by palpatory maneuvers,
depending upon the position of the stomach, the situation of the
attachment, and the degree of laxity of the abdominal wall, and,
also, by observation during forced respiration. The small, high-
lying, contracted stomach, inaccessible to manipulation, may
appear to be fixed but is not necessarily so. On the other hand,
a stomach which has a free and flexible lower pole may seem to
be freely mobile when there are definite adhesions on the lesser
curvature. Inasmuch as fixation is simply an indication of
extra-gastric involvement, it is merely a contributory sign of
cancer. It may be taken into account in estimating the possi-
bility of resection.

Lessened Flexibility.— Diminished flexibility of the cancer-
ous gastric wall is a practicable and useful sign, especially of
scirrhous cancer. Upon narrow palpation, as with the finger
tips, the accessible normal gastric wall will show corresponding
indentation, whereas if stiffened by infiltration it will either be
disproportionately indented or moved aside en masse. The loss
of pliability may be somewhat evident also by the lack of con-

tour-change during deep respiration or during the process of
filling the stomach, the lumen of the involved area being almost
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constant in size at all degrees of repletion, while the unaffected
portion expands to accommodate the increased volume.
Persistent Local Spasm.—A cancer on the lesser curvature
may give rise to a spastic indrawing on the opposite curvature.
Often it is quite broad and has been spoken of as the ““broad

incisura” of cancer as compared with the relatively narrow in-,

cisura of ulcer. Besides the “broad incisura,” the deformity
produced by the growth itself is commonly observable. We
have seen exceptional cases, however, in which an incisura from
cancer was narrow, resembled a typical uleer-incisura, and was
the only demonstrable roentgenologic sign of the lesion. Such
spasm may, of course, be imitated by spasm from extrinsie
causes, and careful differentiation may be necessary. Again, an
occasional case of gastric cancer will be seen in which a shifting,
more or less diffuse, spasm is the only evidence obtainable, and a
diagnosis is impossible.

Altered Size and Capacity.—\ common feature of the can-
cerous stomach is marked diminution of the capacity and appar-
ent size. The reduction may be the result either of the projec-
tion of large fungoid masses into its lumen or the shrinking effect
of scirrhous infiltration. In extreme instances, the effort to
accommodate the ingesta causes a backing up of the meal in the
esophagus, which latter may show dilatation. Besides cancer,
other causes that may lessen the capacity of the stomach are
perforating ulcer, with extensive perigastritis, spasm, and benign
lesions. The upper loculus of an hour-glass stomach may be
mistaken for a contracted stomach if the presence of the lower
loculus be overlooked. On the other hand, an obstructive can-
cer at the pyloric end may result in considerable dilatation of
the stomach. A similar dilatation may be consequent upon
other obstructive causes. It follows, then, that neither large
nor small size of the stomach is especially significant of cancer,
but that marked variation in size of the stomach is at least sug-

gestive of the presence of a lesion.
Displacement.—The predilection of cancer for the pylorie
end of the stomach, often with more or less complete obliteration
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of the distal portion of its lumen, results frequently in an appar-
ent displacement of the stomach to the left, since its proximal
portion only is visualized. Aside from this, however, in cases
of seirrhous cancer, there may be actual displacement upward
ana to the left.  Somewhat similar displacements may oceur as
a result of perforating uleer, ascites, tumors outside the stom-
ach, and retraction of the abdominal wall.

Pathology.—With the microscopie pathology of gastrie ean-
cer the roentgenologist has little concern, but the roentgenologic
appearances ol canecer sometimes |||'|N'll‘| quite (‘Hll~itl<'l':||>|_\
upon its character as affecting its form, location, and extent.
Hence, a few statements concerning certain anatomical varieties
of cancers and their gross aspects may assist in clarifying the
(]1'\l'l‘i[l|ilill of this lesion as seen by the roentgen-rays.

Cancers of the stomach invariably originate in the mucous
layer. While basically they are all epithelial neoplasms, they
present numerous structural differences.  Disregarding those
variations which are here unimportant, there are three forms
which are of chief interest from a radiologic standpoint :

1. A proliferative form, almost wholly epithelioid in ecompo-
sition, with ecircumseribed tumor production. This is the
Jungous type with which may be included for present conven-
ience the medullary (encephaloid), cauliflower and adenocar-
cinomas. It is characterized by a relatively small amount of
interstitial tissue, and hence is soft.

2. An infiltrative form. This is the seirrhous type. Speak-
ing in a general way, it infiltrates the gastriec wall with less un-
evenness of contour and less projection into the cavity of the
stomach than the fungous type. It is characterized by a rela-
tively large amount of interstitial tissue, and is hard and more
frequently associated with uleeration than the other types. The
infiltration may be either localized or general.

When localized, the pyloric end of the stomach or the lesser
curvature is the part most commonly affected.

The general diffuse infiltration may involve a large part o

the whole of the stomach, which is thick-walled and contracted
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F1G. 125 —Filling-defeets produced by

Fia. 126.—Photograph of specimen, showing fungous (medullary) type of cancer,
I'he rounded mass at a corresponds to the circular filling defect in the roentgenogram,
Fig. 125.

13
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This is regarded by many as identieal with the so-called “leather-
bottle” stomach, or “diffuse fibrosis.”

3. A degenerative form, the so-called ““ecolloid,” or, more
correctly, “mucoid” cancer. In this form the cells lose their
structure and become merged into a homogeneous mucoid mass.
Mucoid degeneration may occur in either the fungous or seir-
rhous type.

Roentgen Characteristics of Fungous Cancer. Inabroad way
the typical fungous cancer shows the following characteristies:

1. It does not decrease the size of the stomach as a whole,
While the capacity of the stomach may be somewhat lessened
by the encroachment of the mass upon its lumen, the gastric
dimensions are not otherwise diminished. Often the hook-form
is preserved (Figs. 125 and 126).

2. Occasionally it involves the greater curvature only, espe-

cially of the body of the stomach (Fig. 127

3. The involved portion of the gastrie wall is sharply delim-
ited from the uninvolved portion.

4. Sometimes it produces large, multiple, irregular filling-
defects projecting into the gastric lumen and shading gradually
into the central barium shadow, somewhat resembling finger-
prints upon paraffin (Fig. 128).

5. If situated at the pylorie end this type is likely to produce
obstruetion.

Roentgen Characteristics of Scirrhous Cancer.— T'ypical ad-
vanced seirrhous cancer may be recognized by:

1. Its marked shrinking effect upon the stomach. The
capacity of the stomach is not merely lessened by a filling-defect,
but is greatly diminished by the loss of expansibility due to
widespread infiltration as well as actual contraction.

2. Frequent involvement of the pylorie end and lesser curva-
ture. Quite commonly a scirrhus completely encircles the py-
lorie end and the deformity thus produced gives the stomach
some resemblance to a curved funnel or an Indian pipe. The
barium projects into the canalized pyloric mass as a smooth or

slightly irregular spicule.
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CHARACTERISTICS OF FUNGOUS CANCER

Irregular filling defect, greater curvature, body

of stomach, at a, duc
fungous cancer,

Fia 128 —Finger-print-like filling

g defects of fungous cancer.
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)

3. Gradual merging of involved into non-involved portion
of the gastrie wall.  The limits of the lesion are difficult or im-
possible to determine radiologically.  The lesion is usually more
extensive than the picture indicates,

1. The filling-defects of seirrhous cancer are commonly less
grossly irregular than those of the fungous type (Figs. 129 and
130).

5. This type of cancer, even though involving the pars
pylorica, is likely to show a gaping pylorus, although it may
produce obstruction.

Mucoid Cancer.— A\ markedly diminished, fairly regular
central lumen surrounded by a thick-walled tumor-mass is
sometimes seen in extensive mucoid degeneration, but mucoid
change can rarely be even surmised by the radiologic appear-
ances. It gives practically the same sereen and plate picture
as the seirrhous form.

It will be understood that the three forms mentioned do
not always or necessarily exist independently of each other,
that the classification and deseriptions are practical rather than
accurate, and that differentiation of these forms is not always
easy. Sometimes these pathologic differences in gastrie can-
cers are sufficiently manifest in the roentgenologic picture to
warrant an opinion as to their probable nature. However, such
an opinion should be advanced with caution, and then only in
those rather few ecases which are typical, for, in the majority
of cases, the roentgenologist had better be content with a diag-
nosis of eancer without attempting to specify the particular
variety.

Carcinomatous Ulcer.—While by far the greater number of
gastric cancers manifest themselves frankly as tumors at the
time the patients present themselves for examination, ulcers

are found oceasionally which show microscopic evidence of
malignancy. In their gross characteristies and roentgenologic
appearances these ulcers are not usually different from benign
ulecers. In most instances the crater of the ulcer is visualized

as a niche projecting from the gastric lumen. This may o
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Fra. 129 Uniform, wedge-like prepyloric narrowing at a, in a case of scirrh

Fia. 130.—Photograph of resected pyloric end of stomach, Scirrhous cancer.
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may not be associated with hour-glass stomach, an incisura,
or six-hour retention. The only suspicious feature sometimes
shown by the roentgen-rays is the extraordinarily large size of
the uleer crater. In a few of our own cases in which the niche
was 3 or 4 em. broad the ulcer was found on mieroscopic exami-

nation to be malignant (Fig. 131).

Fia. 131.—Very large ulcer-crater at a.  Malignant.

Operability.—In deciding the question of operation in a
given case of cancer the roentgen-rays furnish information of
great, often decisive, importance. Primarily, operability de-
pends considerably upon the skill of the operating surgeon; but
aside from this, certain radiologic findings speak for or against
operation, whether radical or palliative. The location, extent,
and character of the cancer are all matters of fundamental im-
portance. Growths involving the cardia or upper media are
not accessible to resection (Fig. 132), while those at the pylori
end (Fig. 133) or lower media are often resectable. Obviously
resectability depends also upon the extent of involvement, an
this can be more nearly determined by the roentgen-rays tha
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Prepylorie eancer.  Resectable.
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The actual extent of a medul-

by any other method (Fig. 134
lary eancer corresponds closely to that indicated radiologically.
The limits of a seirrhous cancer are much less sharply defined
in the roentgen picture and a generous allowance must be made
in estimating the probable degree of involvement. Even after
allowing |i|»(‘l':|”_\ for an excess of involvement |w.\'un<| that indi-

cated, the extent of invasion is sometimes found to be far greater

F16. 134.—Operable prepyloric cancer

than suspected. It is worthy of note that less than 15 per
cent. of gastrie cancers go beyond the pylorie ring into the
duodenum.

Free mobility of a eancerous stomach is an item favoring
resectability, while marked fixation resulting from extension to
adjacent structures makes successful intervention less probable.
However, a cancer which does not involve the stomach exten-
sively or appear to have lessened its mobility materially may
at operation be found to have invaded and to be adherent to a
near-lying organ, such as the panereas. In such cases resection

of the growth is sometimes impossible.
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Retention of the hook-form of the stomach, which has been
advanced as an indication of resectability, is often found in
cases that are ln:nl\ill'\ll_\ 1o« rable.

Regarding metastasis, a factor which has :||\\:r_\~ to be con-
sidered, the roentgen examination can sometimes give informa-
tion. Lxtensive metastasis in the lungs or an abnormally large
shadow of the liver may be observed during the sereen examina
tion and these should always be looked for.  Roentgenograms of
the chest will give more definite information as to pulmonary
netastasis® and as to the presence ol nodular metastases on the
upper surface of the liver deforming the arch of the diaphragm.
Examination of the colon with the opaque enema will show
whether the eancer has invaded the large bowel.

In past years many surgeons have pronounced cases of can-
cer with definite palpable tumors of the stomach inoperable.
This is rather extreme, since many such cancers are resectable,
and when there is no glandular involvement or invasion of ad-
jacent tissue, the chance for cure is good. Further, not every
palpable tumor is a cancer; the mass may be a perforating uleer
with adhesions, panereatic cyst, floating spleen or various
lesions originating in the gall-bladder.

On the clinical side, the evidences of inoperability have been
summed up by W. J. Mayo* as follows:

‘1. The cachectic patient with marked evidence of progress-
ive gastric trouble which has lasted over a period of a number
of months, with a fixed tumor lying to the left. Such a case
would be clearly hopeless.

‘2. It frequently happens that with cancer of any of the
abdominal viscera there will be an escape of cancer cells into the

peritoneal cavity. These will drop, by gravity, to the bottom of
the pelvis and become attached often to the sigmoid. The feel
of these various small metastases upon rectal examination is
very characteristic. In women, not infrequently transplanta-

tion to the ovary oceurs, setting up a secondary malignant eyst.

The majority of cases of malignant adenocarcinomas of both
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ovaries have such origin, and women are sometimes unnecessarily
submitted to operation for their removal.

3. The supraclavieular fossa, especially the left side, should
be examined for ecarcinomatous glands.

‘4. Cancer cells free in the abdominal eavity can be carried
by the lymphaties to the umbilicus, forming a distinet mass
like a button. In doubtful cases I remove, under local anesthe-
sia, a little portion of this ‘button umbilicus’ for microscopie
examination.

5. Metastatic deposits, giving rise to nodular tumors in the
liver or peritoneal cavity.

“6. Ascitie accumulations in the abdominal cavity, taken in
connection with the history of the patient, have some value.
[t is necessary to eliminate other causes of ascites—for example,

the heart, liver, kidneys, tuberculous peritonitis, ete.”

toentgenologic determination of the absence or presence of
obstruction, its site and degree, aids materially in judging the
advisability of palliative surgery and in selecting the operation,
whether gastro-enterostomy, gastrostomy, or jejunostomy. In
expressing any opinion as to operability, unless the cardia or
upper media is definitely implicated, or unless the growth is ex-
traordinarily extensive, the roentgenologist should be chary of

saying that a case i

inoperable, as he may thus deprive the pa-
tient of relief or cure at the hands of the surgeon. In the major-
ity of instances exploration alone speaks the final word and the
patient should be given the benefit of the doubt. Besides, there
is always at least a remote chance that the most confident diagno-
sis may be wrong.

Early Cancer.—The term “latent cancer” is sometimes
applied to cancers which give rise to few or no symptoms or
signs and which cannot be diagnosed clinically. Since “latent”
also carries the sense of quiescence or dormancy, a condition
which has not been proved as regards gastric cancer, the ad-

jective “early” is perhaps preferable.

Admitting that the only cure for cancer is early operation,
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early diagnosis is a matter of prime importance. Admitting also

that usually there are no decisive clinical findings in early cancer,
the statement is warranted that next to the exploring finger of a
trained surgeon the roentgen-rays will reveal more cancers in the
early stages than will any other diagnostic means. Hence
every patient of cancer age with indefinite gastric symptoms
should be subjected to a roentgen examination. The earliest
time at which cancer may be found depends upon:

Deformity, a, at pylorug due to early eancer,

1. The character of the cancer, whether a frank tumor, an
insidious- infiltration or a cancerous ulcer.

2. Its situation.

3. The examiner's familiarity with the work.

4. The amount of roentgenologic evidence, together with the
extent of elinieal corroboration.

Cancer which begins candidly as a tumor projecting into the
gastrie lumen is susceptible of quite early recognition by reason
of the filling-defect which it produces (Fig. 135). The test of
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this sign is its permanence, not its size, and we have been fortu-
nate enough to find a cancer which was not larger than a cherry.
\n infiltrative cancer may invade the gastrie wall without pro-
ducing a recognizable filling-defect. In this event peristalsis
should be notably absent from the involved area, and a local loss
of flexibility may be evident upon palpation. When these signs
exist alone they should be interpreted with eaution; but in con-
Junection with a gaping pylorus, achylia and elinical indices, they
may warrant a surgical exploration.

Carcinomatous uleers for the most part show the same
roentgenologic signs as simple ulcers. However, as stated,
uleers with excessively large craters are open to the suspicion
of being cancerous.

The situation of a small cancer makes a decided difference in
the chance of its demonstration. On either curvature of the
pars media or pars pyloriea, filling-defects, even though small,
can usually be visualized either on the sereen or plate, or both;
but such defects on the anterior or posterior wall might evade
observation even in the oblique view. Trifling defects in the
region of the gas-bubble also are hard to find. The percentage
of cancers in the pars cardiaca, however, is small.

The experience of the examiner and his ability to see and
interpret slight departures from the normal have some impor-
tance in the diagnosis of early eancers. The novice would better
limit his diagnoses to those cases in which he can demonstrate a
permanent filling-defect, and which are at least suspicious clin-
ically. Anyway, these features will be found in the vast majority
of patients with gastric cancer who seek medical aid.

Patients with early cancer near the pylorie ring, producing
obstruction, are more likely to come into the hands of the roent-
genologist than patients with early cancer beginning elsewhere in
the stomach. A six-hour retention, evidencing obstruetion, may
be the only abnormality of which the observer feels sure. This
alone, of course, will not support a diagnosis of eancer. In
other cases there may be a slight but permanent irregularity of

prepylorie contour, with or without obstruction, and it ean be
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said with certainty only that a lesion is present. Correlation
with other evidence may help to decide whether it is an uleer,
a cancer, or something else.

While it is highly important that gastric cancers be discov-
ered at the earliest possible moment, it is also highly important
that the patient shall not be subjected to needless surgery, and
where the roentgen findings plus the clinical features of the case
do not quite justify surgical exploration the patient should be
reéxamined at short intervals until a decision is reached.

The roentgen indications of gastrie cancer vary markedly in
degree and in their combinations with each other, as will be seen
in the case reports herewith appended. The cases with which the
roentgenologist has to deal thus range all the way from those
which are plainly cancer to those which are highly doubtful.
Often he can be positive only of a pathologie condition. In
every case he should be acquainted with the prineipal elinieal
facts, which should at least grossly correspond to his own find-
ings. If they do not agree, he ought to confirm his own obser-
vations by repeated examinations.

Case 90,077, female, aged 53. Fourteen months ago the patient
began losing weight and strength, notwithstanding a good appetite.
Occasionally she has had nausea about an hour after meals. Six
months ago a physician made a gastrie analysis, found an achlorhy-
dria and gave hydrochloric acid with some benefit.  For two months
past she has had a persistent diarrhea.  Weight loss, 41 pounds.
Vague sense of tumor-ridge in epigastrium, Total acidity 22, all
combined; altered blood. Hemoglobin, 55. Roentgen findings: No
six-hour retention.  Gross filling-defect, greater curvature, pars media
(Fig. 136). Shading off in lesser curvature of pars cardiaca. Diag-
nosis: Inoperable carcinoma. (In spite of the evident inoperability
the patient insisted upon surgical exploration.) Finding at explora-
tion: Inoperable carcinoma of body of stomach. Extensive glandular
involvement.

Case 102,053, male, aged 56. Many years ago the patient had
several attacks of sudden, severe, epigastric pain, often requiring
morphin, but has had none of these attacks during the past ten years.
His present trouble began eight months ago and consists of an indefi-
nite distress and soreness in the epigastrium, coming three or four
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Fra. 136.—Case 90,077, Roentgenogram showing appearance of medullary type of
cancer at a.

102,053, Cancer defect at a.
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hours after meals and relieved by food.  Appetite good.  Net weight
losg 20 pounds, but none during past four months.  Total acidity 10;
all combined. Roentgen findings: No retention from six-hour meal.
Filling-defeet, pylorie portion (Fig. 137). Diagnosis: Cancer. Con-
sidered operable in so far as extent of gastric involvement was con-
cerned.  Findings at operation: Carcinoma pylorie end of stomach.
Resection half of stomach.  Pathologist’s report: Carcinoma.

Case 109,744, female, aged 38. Eleven months ago she began
having slight attacks of pyrosis and epigastric distress.  Later the
epigastric distress became rather spasmodie but was not severe, had no
food relation, and the attacks were very brief in duration.  Generally
considered, pain has not been a marked feature. She has vomited
but twice. Nine months ago she first noticed a small, very movable
tumor in the epigastrium a little to the left of the midline. This has
since increased slightly in size. Poor appetite. Weight loss, 20
pounds. Palpable, movable tumor, the size of a fist, very like a
wandering spleen.  Hemoglobin, 68. Roentgen findings: Retention
of one-fourth the six-hour meal. Definite prepyloric filling-defect
(Fig. 138). Findings at operation: Carcinoma, pylorie end of stom-
ach, adherent to pancreas and transverse mesocolon. Reseetion
three-fifths of stomach, Pathologist’s report: Carcinoma.

Case 97.408, male, aged 43.  Five years ago the patient had ocea-

sional attacks of vomiting, sometimes of food taken the previous day.
These ceased after medieal treatment and the patient was well until
five weeks ago. At this time he began to have attacks of epigastric
pain, aggravated by exercise and relieved by rest. No food relief
Occasionally takes hot water or soda at night to relieve the pain.  No
loss of weight, Total acidity 86; free 62; combined 24; no food rem-
nants. Roentgen findings: Retention of half the six-hour meal
Small prepylorie filling-defect (Fig.

35).  Active peristalsis. Diag-
nosis: Lesion at the pylorus.  (As the pathologist’s report shows, this
l‘l”\"‘l fo I‘l' an 1”\'1'1' “i‘ll "Tlll\ carcinoma. .\‘:”I\ ‘i'l\ll;”' cases
diagnosed roentgenologically as cancer prove to be uleer and viee
versa.  Therefore, in the absence of pathognomonie signs, the roent-
genologist will spare himself embarrassment by simply reporting the
presence of a lesion, and leave the final diagnosis to the microscopist.)

Findings at operation: Early carcinoma on uleer, pyloric end of
stomach. Resection 4 inches of stomach; duodenum reattached to
pyloric end, direct union. Pathologist’s report: Ulcer; early
carcmoma.

Case 142921, female, aged 32, Five-year history of severe epi-
gastrie pain daily for a period of about three months each year, begin-

o\
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Fia. 135 —Case 109,744,  Cancer deformity at a

Fira, 139,—Case 142,921,  Deep, narrow incisura, body of stomach.
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Fio. 140.—Case 96,106,  Six hour residus

FiG. 141.—Case 96,106, Stomach after filling. The prepyloric deformity is evident.
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ning in June or July. At first the pain eame within a few minutes

Now comes about one hour after eating, is of variable

after meals.
In attacks

duration and is eased by posture, food and medicines.
may vomit three or four times daily. Copious hematemesis two years

ago. Some weight loss. Roentgen findings: No six-hour retention.

Incisura, pars media. No niche or filling defect on lesser curvature.
The possibility of an uleer was thought of and the patient was reraved

after being given belladonna. At the second examination the incisura

was still present. Diagnosis: Gastrie uleer.
the only roentgen sign observable,

(It is interesting to

note that the persistent incisura wi
either on the screen or plate (Fig. 139). Findings at operation: Ulcer
lesser curvature, size of a fifty-cent piece, producing hour-glass deform-

ity. Exeision; posterior gastro-enterostomy. Pathologist’s report

Section of uleer shows colloid earcinoma

Fia. 142,—Case 96,106, Resected pyloric end of stomach. Ulcerating carcinoma

'stectomy seven vears ago

C'ase 96,106, woman, aged 41. Cholecy
for cystic gall-bladder with stones. Three years later operation for
acute strangulated left inguinal hernia. Since the latter operation,
» has had occasional sharp sticking pain in the left hypochondrium.
For a month past she has had dull epigastric pain immediately after
meals with relief by bowel-movement. During the past two weeks the

Appetite good, but she is afraid to eat
On palpation a hard mass can be felt in the

pain has been constant.
Weight loss, 20 pounds,
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Fia.

. Wi
Fia, 147, %

Fras. 143, 144, 145, 146, 147, 148.—Cancers of the stomac h; resectable,
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Fias. 149, 150, 151, 152, 153, 154.—Cancers of the stomach; inoperable,
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epigastrium, which moves with inspiration.
acidity 14
findings:

Gastrie analysis: Total
all combined; food remnants, mucus, blood. Roentgen
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