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STELUNGEN Vii

I. Indien op een radiodiagnostische afdeling niet frequent varioliforme erosies, poliepen en ulcuslitte-
kens in de maag worden gevonden, voldoet de onderzoektechniek waarschijnlijk niet aan de minimaal
te stellen eisen.

II. Slechts een onderzoek dat bifasisch is - dat wil zeggen waarbij gebruik wordt gemaakt van zowel
dubbelcontrast' als positiefcontrasttechnieken - is geschikt als radiologisch routine-onderzoek van
maag en bulbus.

III. Voor een adequaat radiologisch onderzoek van maag en bulbus dienen gemiddeld tenminste 15
minuten te worden uitgetrokken.

IV. De papilla minor duodeni kan slechts door middel van een hypotoon dubbelcontrast duodenogram in
buikligging betrouwbaar radiologisch gevisualiseerd worden.

V. Het radiologische onderzoek van de maag na partiele distale gastrectomie en gastrojejunostomie is
onvolledig, wanneer de aanvoerende lis niet geheel is afgebeeld.

VI. Vooral bij jeugdige patienten dient een maagresectie voor een benigne lijden zoveel mogelijk te worden
vermeden in verband met het frequent voorkomen van het maagstompcarcinoom.

VII. Er bestaat een opvallende discrepantie tussen de geringe kennis die artsen, niet-radiologen, in het
algemeen van de radiodiagnostiek hebben en het gemak waarmee zij oordelen over radiologische
onderzoeken, alsmede over de gang van zaken op een radiodiagnostische afdeling.'

VIII. Het afdrukken van een of meer rdntgenfoto's in een algemeen medisch tijdschrift ter illustratie van
normale bevindingen bij een radiologisch onderzoek is geldverspilling.

IX. Het afsluiten van de specialistenopleiding met een examen waarvan de* uitslag mede bepalend is voor
de erkenning als specialist, zal de kennis van de assistent-geneeskundige en opleider doen toenemen;
een dergelijk examen zal daardoor de patientenzorg ten goede komen.

X. Degenen die bij discussies over fusies van ziekenhuizen bet wegvallen van concurrentie als voordeel
poneren, miskennen de positieve waarde van concurrentie.

XI. De verkeersregeling in de Componistenwijk van de gemeente Heemstede bevordert het energiever-
bruik, de geluidshinder, het aantal verkeersovertredingen en de verkeersonveiligheid.

J.Odo OpdenOrth
Heemstede, 10 januari 1979
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ABBREVIATIONS

DC double-contrast

EGC Early Gastric Cancer

LPO left posterior oblique*

PC positive-contrast

RPO right posterior oblique*

-Is

M

* Terminology tends to be confusing: sometimes it describes po-
sitioning from the tube aspect and at other times from the film
aspect. In order to interpret double-contrast studies correctly, it is
essential to understand the effect of gravitational forces. The
nomenclature then indicates the part of the body closest to the
table.
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INTRODUCTION

The rapid growth of fibre-optic endoscopy hi recent
years has had two consequences for the radiology of
the stomach and the duodenum.

1. Radiology has lost its previously rather auton-
omous position in this field.

2. As a result of the constant feed-back from the
endoscopist, which the radiologist can and should
have, he is in an excellent position to re-evaluate
and improve his own technique of examination.

The author believes that the radiological exam-
ination retains its value as a screening technique and
a complementary method to gastroscopy and biop-
sy. Only a sophisticated radiological technique will
fulfil these requirements. Ii> 1973 the author devel-
oped a standard examination that was called "bi-
phasic", because it combines the advantages of
positive-contrast (PC) and double-contrast (DC)
techniques. Since that time, an experience of more

than 7,500 examinations has been accumulated.
In part I of this study the theoretical background

and the technique of examination proper are de-
scribed. The basic principles of interpretation of DC
studies are stated.

Part II deals with the results. Chapter 5 consists of
general remarks on the results, and on the comple-
mentary role of radiological examination and endos-
copy. Chapter 6 deals with a qualitative study of
standard biphasic-contrast examinations in patients
over a period of 3 years. This study was restricted to
malignant lesions, because it is only in this group
that the definite criterion, a histological diagnosis, is
obtained. The natural history of malignant lesions
also makes follow-up studies possible. Results of the
diagnosis of Early Gastric Cancer (EGC) are
included.

In part III, an atlas of common lesions of the stom-
ach and duodenum, the results are illustrated.
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I Chapter 1

A BRIEF REVIEW OF RADIOLOGICAL TECHNIQUES FOR EXAMINATION OF
THE STOMACH AND DUODENUM

The main aim of radiological examination of the stom-
ach and duodenum is macroscopic visualization of
the anatomy of this part of the gastro-intestinal
tract. There are five modes of examination:

1. complete filling studies
2. compression studies
3. rnucosal relief studies
4. double-contrast (DC) studies
5. hypotonic studies.

1.1. Complete filling studies

When the stomach is filled with a PC medium, a
frontal view provides a picture of its medial and lat-
eral contours. By turning the patient to left and to
right, it is possible to see more contours. If the stom-
ach possessed the shape of a cylinder with its axis
in the longitudinal axis of the body, it would always
be possible to detect a lesion. Because the stomach is
not a simple cylinder, this method, while important,
possesses only a limited value.

1.2. Compression studies

If the PC filled stomach and duodenum are com-
pressed carefully, it is possible to add "en face" pic-
tures to the contour diagnosis of the complete filling
method. This method is also important but it also
possesses its limitations. For instance, the upper part
of the stomach beneath the thoracic cage cannot be
compressed. Even below the costal margin com-
pression is virtually impossible in some patients. In
obese subjects the duodenal bulb often points back-
wards and cannot be compressed.

1.3. Mucosal relief studies

A picture of the mucosal relief is obtained by apply-
ing a small volume of PC agent to the mucosa, either

acitively (by palpation) or passively (by means of grav-
ity). This method, theoretically sound at first sight,
yields very few useful results. The reason is that the
stomach is not distended by the small volume of con-
trast agent swallowed. An everyday practice of
pathologists when examining the opened stomach
(resected or removed at autopsy) is to stretch it
slightly, in order to detect small lesions.

1.4. Double-contrast (DC) studies

A DC picture is obtained by coating the inner sur-
face of a distended hollow viscus with a thin layer of
a PC medium. Distension of the viscus can be ob-
tained by using a second contrast agent, usually gas.

Short history of the DC technique
As early as 1911 Von Elisher (61) filled the stomach
with a PC agent (zirconium oxide), and then added
air through a tube. Fisher (74) in describing the DC
technique of examining the colon, advised turning
the patient several times on his longitudinal axis in
order to achieve a good mucosal coating. Later this
manoever proved to be of the utmost importance in
DC examination of the stomach as well. In 1923
Baastrup (6) obtained an excellent picture of an air-
distended resected stomach with bismuth carbonate
coating its inner surface. By means of in vivo studies
he attempted to obtain DC pictures by first giving
the patients a small quantity of barium suspension
followed by 200-250 grams of riceflour porridge.

Many authors adopted techniques of this sort,
sometimes slightly modified, using a barium sus-
pension and gas introduced either through a tube or
by using an effervescent drug. Such workers were
Vallebona (264), Hilpert (114), and Pribram and
Kleiber(205).

In 1941 D'Eloia (62) introduced a DC technique
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which he called pneumogastroscopy. He passed a
Miller-Abbott tube into the stomach and used it to
insufflate a large enveloping balloon with 250-400
ml of air and 50-100 ml of water (as ballast). Before
and after the balloon had been insufflated, the pa-
tient was given a suspension of barium sulphate to
swallow. This suspension was then evenly com-
pressed into the gastric musoca by the expanding
balloon and used to obtain pictures. This method
was complicated and rather impractical, but it dem-
onstrated the essentials of the DC technique
excellently.

In 1958 Amplatz (4) described how air could be
introduced into the stomach by allowing the patient
to aspirate a barium suspension and air together, by
using a drinking straw with a midway perforation.
Towards the end of the 1960s the use of silicon anti-
foaming agents became popular to prevent air bub-
bles in the stomach. They were administered either in
tablets or as powders (85,108,190,206) or combined
with the barium suspension (243).

In 1973 Pochaczevsky (201) devised the so-called
"bubbly barium" technique of introducing carbon
dioxide into the stomach. He described the tech-

nique of preparing a carbonated cocktail of barium
suspension by using a soda syphon.

Thus the concept of the DC method is more than
65 years old. In recent years it has become a popular
and perfected method through the work of many
authors (39, 84, 86, 87,94, 100, 101, 105, 107, 110,
116,123,143,148,150,151,192,207,220,225,245,
254, 257, 258, 260), notably the Japanese, and in
particular Shirakabe, Ichikawa and Kawai (237,
238, 118, 124). Although the method can provide a
nearly ideal image of the total inner surface of the
stomach, it possesses its limitations for routine use.

DC examination of the posterior wall of the stom-
ach is easy to perform. When the patient is supine
(fig. 1), the barium excess lies in the fundus.

The walls of the gas-distended corpus and antrum
are covered with a thin layer of barium. The layer on
the posterior wall is of course thicker than that on
the anterior wall. These conditions are ideal for a DC
examination of the posterior wall of these segments,
using vertical or nearly vertical beam projections.
Tilting the table to 30°-40° anti-Trendelenburg and
rotating the patient into the Right Posterior Oblique
(RPO) posit-on enables the posterior wall of the fun-

g
Patient supine, horizontal beam projection.
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dus to be examined in the same way. When the pa-
tient is turned prone (fig. 2), the gas moves into the
fundus. The corpus and the an turn are now com-
pletely filled with barium. DC examination of the
anterior wall can be performed only with the patient
in a deep Trendelenburg position and by combining
a small volume of barium with a large quantity of
gas, utilizing a beam direction vertical to the table.
These conditions may be obtained simply by passing
a nasogastric tube. It is clear that both a deep
Trendelenburg position and the use of a nasogastric
tube are impractical for routine examinations.

Although only vertical beam projections and the
horizontal, Trendelenburg and anti-Trendelenburg
table positions have so far been discussed, excellent
DC studies of the fundus may be obtained by using
horizontal beam projections with the patient erect.

The results of both PC and DC studies can be
improved by drug-induced hypotonia.

1.5. Hypotonic studies

Drug-induced hypotonia greatly improves the re-
sults of the gastric examination. The technique con-
verts the stomach from a hollow viscus with high
muscular tone and vivid peristalsis which is open at
least at one end (the pylorus) into a flaccid viscus
which is often closed at both ends.

A mucosal surface can be imaged better when it is
distended. As stated before, the pathologist stretches
the opened specimen of the stomach to inspect the
wall.

If the pylorus remains closed for some minutes -
as occurs in most patients after the intravenous
administration of a drug inducing hypotonia -
troublesome duodenal and jejimal superimposition
can be prevented. Drugs such as atropine sulphate,
propantheline bromide (pro-banthine), hyoscine N
butyl bromide (buscopan) and oxyphenonium
bromide (antrenyl) possess contraindications.
Glaucoma is considered to be an absolute contrain-
dication and prostatism and significant cardiac
disease including arrythmias are relative ones. Side-

Flg.2
Patient prone, horizontal beam projection.
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effects such as urinary hesitancy and retention, dry-
ness of the mouth, throat and nasopharynx, blurring
of near vision and tachycardia have been described
(90, 158,162,189). Therefore it is not advisable to
use these drugs as part of every routine examination.

Giucagon (24,146,168,169,171) produces very
few and only slight side-effects, mainly nausea and
vomiting. Contraindications include phaeochromo-
cytoma, insulinoma and warfarin-induced hypo-

thrombinemia (90, 189). Another contraindication
is brittle diabetes (71), and some consider insulin-
requiring diabetes mellitus to be a relative contrain-
dication (200). Currently giucagon is viewed as the
drug of choice in hypotonic gastrography (170).

The hypotonic technique also greatly improves
the diagnostic yield of the examination of the duo-
denal loop, as compared with the conventional
examination (48).



Chapter 2

WHY IS A STANDARD BIPHASIC-CONTRAST EXAMINATION NECESSARY?

P

None of the radiological techniques described in
chapter 1, viz. complete filling, compression, mu-
cosal relief and DC studies, when used separately
can in a simple way provide complete visualization
of the lining of the stomach. DC studies made with
the patient supine and erect can visualize precisely
the posterior wall of the antrum and the corpus, and
the total fundus. The supine studies will reveal even
tiny lesions, which cause irregularity of the surface of
the posterior wall of the stomach, and also lesions
with abrupt margins of the anterior wall, as ex-
plained in fig. 3. Lesions with gently sloping edges

PROTRUSION EXCAVATION

will be missed. Dedicated DC techniques for the
anterior wall are too complicated to use routinely.
Therefore PC studies are necessary to visualize le-
sions with gently sloping edges of the anterior wall of
the corpus and the antrum. To avoid blind angles a
biphasic technique combining the advantages of both
DC and PC techniques is required.

Standardization of a technique, although restrict-
ing the freedom of the individual examiner, can re-
sult in a study of uniformly high quality. Japan with
its high rate of gastric cancer leads the world in the
standardization of gastric series.

In 1973 the author introduced a standard exam-
ination for the stomach and duodenal bulb, which
was designed to meet the following requirements:

a. DC techniques must be used to visualize those
parts of the stomach that are easy to examine with
them.

b. PC studies should continue for the reasons al-
ready stated.

Fig. 3
The D C posterior-wall series accurately reveals all posterior-wall
lesions, as well as excavations and protrusions of the anterior wall
with abrupt margins.

A. A protruding lesion with abrupt margins on the anterior
wall (left) and an excavation with abrupt margins on the
anterior wall (right).

A'. The posterior-wall projections. Both lesions cast a ring
shadow.

B. A protruding lesion with gently sloping edges on the ante-
rior wall (left) and an excavation with gently sloping edges
on the anterior wall (right).

B'. The posterior-wall projections. Both lesions will be missed
on a supine DC series.
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c. The series must be easily reproducible, even by e. The study must include examination of the stom- J
junior residents and radiologists who have no par- ach following drug-induced hypotonia (this re- |
ticular interest in the upper gastro-intestinal tract. quirement was added in 1974).

d. Complete examination of the stomach and duo- ~ - ~~ • "~
denal bulb should not take too long, say not more
than 15 minutes, to complete in a cooperative This examination was called "the standard biphasic-
patient. contrast gastric series (195):"

1
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Chapter 3

THE STANDARD BIPHASIC-CONTRAST GASTRIC SERIES

I";
3.1 . Barium suspension and preparation of e. release of the CO2 gas must be completed within 2
bubbly barium minutes.

The barium suspension required for a biphasic gas-
tric series must possess several specific properties to
be of a sufficient quality to use:

a. a medium-high density
b. a low viscosity (nearly as "thin" as water)
c. good mucosal adherence
d. the suspension must mix well with gastric

secretions.

If the bubbly barium method of Pochaczevski (201)
is used — as the author strongly advises — another
property must be added, viz.:

Although commercial preparations may comply
with one or two of these requirements, they are ex-
pensive. The author's barium suspension is prepared
by the Hospital Pharmacists according to a recipe
given in table 1. The medium-high density (82.5%
W/V, SW 1.62) it possesses is required to combine
high contrast in DC studies and transparency on PC
studies.

Preparation of bubbly barium

A soda syphon* is filled with 2 liters of the barium
suspension. Preliminary refrigeration of the syphon

Fig. 4
Preparations required for 12 standard biphasic-contrast gastric

* Sparklets Syphon (Globemaster type), Sparklets, Queen
Street, London N17 8JA, England (part of British Oxygen Co.,
Ltd.).

Vi
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Table 1.
Recipe for barium suspension

Sodium citrate 2 aq
Natrosol250G l

mixed with barium sulphate2

Corrigentia3

Antifoam A.F. Emulsion, Rhodorsil
Antimousse 70426 or Mylicon*
Water5 up to
Barium sulphate2

Water5 up to

600g
275-500 g

1,000 g
300 ml
600 ml

301
32 kg
401

1 Hercules Co. Natrosol 250G is hydroxyethylcellulose. The
2% W/V solution in water has, at 25° C, a viscosity of approx. 200
cP (Brookfield Viscosimeter). The exact quantity needed depends
on the batch quality.

2 Barium sulphate, plain U.S.P. (Mallinckrodt) or Barium Sul-
phate pro Roentgen (Bayer).

3 Composition of the corrigentia:
Sodium cyclamate
Saccharin sodium
Water
Tween 80
Sweet orange concentrate
Nipaginesters6 in alcohol 90%
Water up to

120 g
12 g

800 ml
320 ml
1.21

12.5 ml
2.41

* Antifoam A.F. Emulsion (Dow Corning) or Rhodorsil Anti-
mousse 70426 (Rhone-Poulenc) containing ~ 3% dimethylpolysi-
loxane. Mylicon (Stuart Pharmaceuticals) contains 6.6% sim-
ethicone so that 2,700 ml is needed if this is used.

5 The water has been decalcinated.

6 Composition of nipaginester in alcohol:
Methylparaben 200 mg
Propylparaben 50 mg
Alcohol 90% W/V up to 11
For making the suspension, a high-speed mixer is needed.
(Reproduced by permission of Radiology.)

as well as the suspension is an essential feature since
the CO 2 gas will not dissolve readily at room tem-
perature. After being tightly screwed down, the con-
tents of 2 cartridges of CO2 are slowly added, and the
syphon is shaken vigorously. Addition of the CO2

has to be spread evenly over a period of 10 minutes.
Experiments have shown that the bubbly barium
prepared in this way dissociates in about 90 seconds
and produces one part of barium suspension and two
parts of GOj. One syphon is sufficient for 12 stan-
dard biphasic-contrast series, If stored in the refriger-
ator, the bubbly barium will not dissociate. If stored
overnight, the suspension should be shaken mod-
erately prior to use.

3.2. Premedicafion

An intravenous injection of 0.5 mg of glucagon is
given immediately prior to the examination. Fig. 4
shows the preparations which are made to perform
12 standard biphasic-contrast gastric series.

3.3. Technical factors

High kilovoltage (120-150 kV) is used for short ex-
posures and transparency of the PC studies. Lower
kilovoltage (70-90 kV) enhances the contrast in DC
films; by using rare-earth intensifying screens short
exposure times can be retained (fig. 5).
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Fig.S
a i b. Areae gastricae demonstrated in the DC and in the PC (compression) study. The use of a

medium-high density barium suspension enables a bipbasic examination to be performed. (Sa
reproduced by permission of Radiology).



3.4. Method proper

1. Patient prone/table horizontal or slightly ami-Trendelenhurg.
The patient takes half a mouthful of normal barium suspension
(i.e. without CO2) and swallows it on request.

Spot films:
a. Esophago-cardiac junction. Patient is turned into right lateral

position and then prone again.
b. Mucosal relief study.
c. Mucosal relief study.
d. Mucosal relief study (fig. 6a). Fig. 6ri

1. Patient sup/ne/table 3QP-W anti-Trendelenburg. Patient in-
struction: "You will now get something resembling soda water.
Try to swallow it all at once. Don't belch.;.." Then 250 ml df
bubbly barium is swallowed under fluoroscopy. The esophagus is
inspected. Then the table is placed horizontally and the two-
minute period of CO2 dissociation begins. The patient is asked to
turn himself around (if possible 2 or 3 times) in order to obtain a
good coating.* He is also instructed about breathing and how to
stop on request. The respiratory excursion, i.e. the exact position
in ex- or inspiration, greatly influences gastric configuration and
thus image quality (fig. 7). DC pictures of the antrum, fundus and
corpus. Each picture is made with a fresh coating.

Patient movement between right lateral and LPO/table move-
ments between horizontal and anti-Trendelenburg. Fig. 6b

Spot films: •""
a. Antrum (patient from right lateral thrcugh supine position to

LPO/table slightly anti-Trendelenburg.) As soon as gas re-
places barium in the antrum, the picture is made.

b. Corpus (low) (patient from right lateral to supine- position/table
horizontal).

c. Fundus (patient RPOIiable 3(P-4(f anti-Trendeleuburg).
d. Corpus (high) (patient back to nearly sn/j/ne/table less anli-

Trendelenburg) {fig. 6b).
This series of films is often repeated.

3. Patient erect/table vertical.

Large-size survey film: Postero-anterior or antero-posterior**
(fig. 6c). Fig. 6c

4. Patient erert/table vertical.

Large-size survey film: LPO erect film (fig. 6d).

* If, after the bubbly barium has been swallowed, it is seen to
pass through the pylorus, the technique has to be adapted to pre-
vent duodenal and jejunal superimposition. DC films with non-
optimal coating and some gas bubbles, but without superimpo-
sition, can be obtained by turning the patient first into the right
lateral and then into the LPO positions.

** depending on whether the X-ray apparatus is of the con-
ventional or remote controlled type. Fig. 6d
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5. Patient erecf/table vertical.

Spot films:
a. Compression study.
b. Compression study.
c. Compression study.
d. Lateral study of the corpus with the patient turned sideways

and bending over. Hiatal hernia or gastro-esophageal reflux on
fluoroscopy? (fig. 6e). Fig, 6e.

% •
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6. Patient prone, RPO/table horizontal.

Spot film:
a. Complete filling of the duodenal bulb with a compression pad-

dle between the table and the patient.

Patient erec //table vertical.

Spot films:
b.LAO- compression study of the duodenal bulb (Holzknecht's

spoon).
c. RPO - compression study of the duodenal bulb (Holzknecht's

spoon).

Patient movement from right lateral to LPO/tabie horizontal.

Spot film:
d. DC film of the duodenal bulb (fig. 6f). Fig.6f

I

7. Patient from right lateral to supine/table horizontal.

Large-size survey film: postero-anterior or antero-posterior**
supine film (fig. 6g).

** depending on whether the X-ray apparatus is of the con-
ventional or remote controlled type. Fig. 6g
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Fig.7

a. DC study of the fundus. supine position, RPO; table about 35° b. Patient in the same position: expiration.
anti-Trendelenburg: inspiration.

Regional map of the stomach cut along the greater curvature with the gastric mucosa
exposed. The area between the dotted lines is the gastric angle.

1 = mucosal relief studies (1)
2 = DC vertical beam studies (2)
3 = DC horizontal beam studies (3 & 4)
4 = contour diagnosis (3,4 and S)
3 = compression (S).

The numerals in brackets refer to the examination method as described in chapter 3,
section 4. (Reproduced by permission of Radiology.)
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Sometimes the examination of the stomach has al-
ready been completed, i.e. step 5 above, before the
effect of the glucagon has worn off, resulting in in-
adequate filling of the duodenal bulb. When this oc-
curs, the patient has to wait about 10 minutes - pro-
viding enough time for the next patient being exam-
ined. After this 10-minute period, films of the duo-
denal bulb are made and the peristaltic movements
of the stomach are carefully studied.

If the patient belches, or if for some other reason
additional gas is required, a simple effervescent pow-
der is used, e.g. a mixture of tartaric acid and sodium
bicarbonate (11:12). While commercial effervescent
granules may be easier to swallow, they are expen-
sive and have not yet been registered by the drug
control bodies of several countries.

3.5. Coverage

As fig. 8 shows, coverage of the stomach is excellent,
although the posterior wall of the stomach overlaps
to a greater degree than the anterior wall. No details
are given for coverage of the duodenal bulb since this
is complete with compression. If compression is im-
possible, e.g. in extremely obese subjects, DC studies
can stai be performed and overpenetrated PC films
can exclude gross lesions of the anterior wall with
gently sloping edges.

3.6. Complementary hypotonic
duodenography

The logical consequence of the method described is
that a consecutive hypotonic duodenogram can eas-
ily be performed. The indication is provided either
by clinical data or by the appearances of the films
obtained at the standard biphasic examination.

Technique
Patient right lateral/table slightly anti-Trendelen-
burg. The patient swallows another cup of bubbly
barium and an assistant punctures a vein. When
barium is seen in the duodenal loop. 1 mg of gluca-
gon is injected. Immediately after the needle has been
withdrawn (the pylorus not yet having closed), the
patient turns to IPO to allow the gas to pass into the
duodenum. In order to provide a good mucosal coat-
ing the patient is turned approximately 135° from the
supine LPO position to the prone position and back
again (fig. 9). This movement prevents the gas from
escaping from the duodenal loop, because of its pos-
terior position. Then films are made in the supine
LPO and in the prone positions (fig. 10). Sometimes
a compression cone or paddle between the patient
and the table is helpful in the prone position in order
to eliminate troublesome superimposition of the bar-
ium filled antrum and the DC filled duodenal loop
(fig. ID-

This technique of tubeless hypotonic duodeno-
graphy adds only a few minutes to the standard series.

Fig. 9
Diagram to show the movements of the patient necessary for a good mucosal coating.

•"*.
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r.g. w
Tubeltss D C hypotonic duodenography.
a. Supine position, LPO.
b. Prone position. The promontory (small arrows) and the major

papilla (large arrow) are o.'ien better visualized in this pro- '•
jection than in the supine LPO position.
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Fig. II
Tubeless DC hypotonic duodenography, prone position. 6. Same examination, showing good visualization of the duo-
a. No visualization of the descending part of the duodenum, due denal loop by applying a compression paddle between the pa-

to superimposition of barium in the gastric antrum. tient and the table.
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Fig. 12 -»
DC study, supine position, LPO.
1: posterior wall mucosal fold separating
2: posterior wall fading contrast pools
3: mucosal fold of the anterior wall
4: "railway track".
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Chapter 4

BASIC PRINCIPLES FOR THE INTERPRETATION OF DOUBLE-CONTRAST
STUDIES

Radiography of the stomach and duodenum can be
defined as the registration of different levels. Gastric
iesions can be classified into protrusions and exca-
vations (127). The changes produced by protrusions
and excavations in conventional PC studies are com-
mon knowledge to the radiologist. But changes re-
vealed by DC studies are not always properly in-
terpreted and therefore require further elaboration.
The impulse for solving many of the problems in the
DC diagnosis of gastric lesions - both protruding
and excavated - was given by Ichikawa (118). He

explained the different appearances of anterior- and
posterior-wall mucosal folds in DC studies made in
the supine position, using a vertical beam.

Folds in the posterior wall arc visualized as ra-
diolucent bands which separate pools of contrast
medium. Folds in the anterior wall show two distinct
white contrast lines which run parallel to each other.
These "railway track" shadows are one-end projec-
tions of contrast material coating the two vertical
parts of the folds (fig. 12). This appearance can be
used to differentiate between protrusions and exca-

Is
I
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fig. 13
a. DC study, supine position, RPO; table 35° anti-Tren-

delenburg. Ring shadow: the barium at the bottom of
the ring shadow suggests a niche in the posterior wall.

b. Same position. More barium has entered the niche,
confirming that the lesion is an ulcer of the posterior
wall.

Fig. M
DC study, supine position. Ring shadow (large arrow)
projected on the corpus of the stomach. The ring sign is
formed by the circular line shadow from an end-on pro-
jection of barium coating the cylindrical part of an
abruptly marginated lesion. The lesion must be localized
on the anterior wall, because there is no filling defect in the
pool of barium on the posterior wall or no filling of a
niche. Abruptly marginated polypoid lesion of the
anterior wall. Filling defects (small arrows) in the pool of
barium are polypoid lesions in the posterior wall.
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vations on either the anterior or the posterior wall.
Lesions with abruptly-marginated edges can be

easily imaged in supine DC studies. For example,
round lesions with such edges, either protruding or
excavated, will produce a ring shadow if situated
on either the anterior or the posterior wall.
Differentiating between an excavation or a pro-
trusion of the posterior wall or an abruptly margin-
ated lesion of the anterior wall can be accomplished
by manipulating barium suspension along the pos-
terior wall, either through tilting the table or by mov-
ing the patient. An excavation of the posterior wall is
revealed as a barium-filled niche (fig. 13), and a pro-
trusion as a Oiling defect. With a lesion of the ante-
rior wall, however, the ring shadow remains un-
changed (fig. 14). In the differentiation between
abruptly marginated lesions of the anterior wall,
it should be remembered that the ring shadow in a
deep excavated lesion surrounds a radiolucency (fig.
IS). In a highly protruding lesion, the ring shadow
surrounds a weak density. Differentiation is easy by
means of PC compression studies (fig. 15b). Should
this prove impossible, the lesion is projected en profit
(fig. 15c).

Posterior-wall protrusions with gently sloping
edges can also be visualized on the supine DC pic-
tures by manipulating some barium suspension along
the posterior wall. It is sometimes easier to demon-
strate such lesions with PC than with DC studies
(fig. 16).

As emphasized above, anterior-wall protrusions
and excavations with gently sloping edges are usual-
ly missed in the supine DC film (fig. 3). On PC com-
pression studies they appear either as a filling defect
or as a niche, both without a sharp margin (figs. 17
and 18).

Fig. 15
a. DC study, supine position, IPO. Ring shadow in the duodenal

cap. No barium suspension could be caught in the ring shadow
by altering the patient's position or by tilting the table. As
proved in b and c, the lesion was an abruptly marginated ulcer
in the anterior wall.

b. PC compression study, erect position, LPO.
c. PC compression study, erect position, RPO.
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DC studies may provide an almost three-
dimensional view, as is demonstrated in fig. 19. This
film shows a sharp line of contrast medium in the
region of the angulus. The image of the stomach
above the line is less transparent. At its lateral end
this sharp contrast line crosses a barium pool, sit-
uated, of course, on the posterior wall of the stom-
ach. Since the line remains sharp, it is not in touch
with the barium on the posterior wall - the so-called
"silhouette phenomenon (70)." Thus, it may be con-
cluded that the line is formed in the anterior wall of
the stomach. In fact, the line represented an external
impression caused by the liver. ; :

When performing DC studies of the stomach, the
radiologist must beware of barium spots or droplets
hanging down like stalactites from polyps and folds
of the anterior wall. The author and a colleague have
convincingly proved the nature of these spots (193)
(figs. 20 and 21). In fig. 22 several of the phenomena
described above are illustrated in the same patient:

Thin patients may exhibit a specific pseudo-lesion
previously described by Laufer (91, 150) (fig. 23).
This phenomenon is observed in DC studies when
the anterior and posterior gastric walls touch.
Fluoroscopy dispels all doubts and enables this kind
of pseudo-lesion to be recognized as such, because its
form alters during respiration.

Fig. 16
a. DC study, supine position, IPO. The arrows indicate a pro-

trusion with gently sloping edges on the posterior wall of the
gastric antrum. There is no sharp delineation.

b. PC compression study, erect position. The lesion is demon-
strated more easily with a PC compression study.

c. Supine position, horizontal beam projection. In this projection
the situation on the posterior wall and the form of the lesion
which could be predicted from a and b are confirmed (arrows).
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I

Fig. 17
a. DC study, supine position: no abnormalities.
b. PC compression study, erect position, revealing a filling defect

(arrows). _
c. Supine position, horizontal beam projection confirming that a

polypoid lesion with gently sloping edges of the anterior wall is
present.

Fig. 18 T
a. DC study, supine position, LPO. Contrast fleck (arrow) is

caused by a niche in the posterior wall which has gently sloping

b. PC compression study, erect position, revealing a second ill-
defined niche (large arrow). This one also has gently sloping
edges but it lies in the anterior wall. Lesions confirmed by
gastroscopy.
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Fig. 19
DC study, supine position. There
is a sharp line in the region of
angulus (arrows). On the lateral
side this line crosses a barium pool
which is of course situated on the
posterior wall of the stomach.
Since the line remains sharp, it is

. not in touch with the barium on
!the posterior wall. The image of
the stomach above the sharp line is
denser. The line was shown to be
an anterior-wall indentation of the
stomach caused by the liver.

Fig. 20
a. DC study, supine position.

Same patient as in fig. 14. A
barium spot is now projected on
the top of the abruptly mar-
ginated cylindrical polypoid
lesion of the anterior wall.

b & c. Horizontal beam projec-
tions show the barium spot to be
caused by a droplet of barium
(small arrow) hanging from the
lesion (large arrow).
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Fig. 21
a. DC study, supine position, partial RPO. There is a droplet of barium hanging from an anterior-wall fold crossing (arrow).
b. Same patient, a few moments later: the barium spot has disappeared, the droplet having fallen by gravity.
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Fig. 22
a. DC study, supine position. Several phenomena are illustrated in this patient. The large arrows

point to a typical fold of the posterior wall. The small black arrows indicate an anterior-wall
fold. Lesion I is a droplet of barium suspended from the anterior-wall fold. Lesion 2 is a
slightly elevated protrusion with gently sloping edges and a central excavation on the posterior
wall - a typical variolifonn erosion.

b. Horizontal beam projection. The arrows point to the droplet of barium hanging from the
anterior wall fold (lesion 1).
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Fig.23
DC study, supine position. Pseudo-lesion as described by Laufer (91, 150). This "kissing ar-
tefact" phenomenon occurs when the anterior wall and posterior wall touch. Under fluoroscopy
this kind of pseudo-lesion is easily recognized because its form constantly changes during
respiration.
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Chapter 5

GENERAL REMARKS

During the period 1 September 1973 to 1 April 1978
about 7,500 standard biphasic-contrast studies were
performed in patients over 18 years of age. The pro-
jections described previously (chapter 3) were rou-
tinely made - with one exception. Step 5d, viz. study
of the corpus of the stomach with the patient turned
sideways and touching his toes, proved difficult to
execute in elderly patients and impossible to use with
remote-controlled machines. In instances in which it
was omitted, the presence of a hiatal hernia was de-
termined when the patient initially swallowed the
barium in the prone position. Gastro-esophageal
reflux was studied while the patient lay in the dif-
ferent horizontal positions.

Series 2 (DC spot films of the stomach) was often
repeated.

After the first year, a premedication of glucagon
0.5 mg was given as a routine. Experience showed
that this level of premedication significantly im-
proved our results in respect of detailed radiography
of the stomach and duodenum. Prior to using gluca-
gon routinely, varioliform erosions were only rarely
diagnosed. Following it, they became a frequent
diagnosis. Often a varioliform erosion was discov-
ered in the hypotonic phase which could not be
demonstrated when the hypotonia had subsided.
However, this success is certainly not attributable
only to the use of glucagon: personal experience and
also the feed-back from the endoscopist contributed
greatly.

It became clear that both DC and PC radiography
were necessary. In most cases the diagnosis was
made on the DC studies or on the PC compression
studies, and often by a combination of these two
(figs. 18,53,59,68,70,89,126,149,151). Only rarely
did the mucosal relief studies made in the prone posi-
tion permit the diagnosis to be made (fig. 24).

Many more lesions which had been seen before
only exceptionally, became daily findings once the

standard biphasic-contrast examination was intro-
duced. For example, areae gastricae were identified
in the antrum in most of the patients. They were also
identified in the corpus and gastric fundus in many
patients. As stated before, varioliform erosions be-
came a common radiological diagnosis. Since a va-
rioliform erosion is an elevated lesion only a few mil-
limetres in diameter and with a tiny central exca-
vation, the author believes it is a good model for
testing the efficacy of the examination. Although va-
rioliform lesions had been radiologically demon-
strated as early as 1933 (109), and Frik and Hesse (75)
found them in 2 per cent of patients, experienced
radiologists have confirmed that they are encoun-
tered only exceptionally in personal practice.

Routine DC studies greatly improve the convinc-
ing en face demonstration of tiny niches in the upper
part of the stomach where compression cannot be
applied (fig. 25). Gastric ulcer scars, which appear as
a convergence of folds - indicating that the patient
had suffered from peptic ulcer disease - were fre-
quently demonstrated. Polyps with a diameter no
greater than 2 mm. and cases of polyposis of the
stomach appeared to occur more frequently than is
generally thought (see chapter 7, section 5.1.). They
were most often found in elderly patients with an
atrophic gastritis.

Continuous cooperation between the radiologist
and the endoscopist soon taught that the radiologi-
cal and endoscopic examinations are complemen-
tary (34). Although radiology can detect even the
slightest differences in the level of the mucosa, it does
not reveal changes in colour of the mucosa. Gastric
xanthelasmata or Iipid islands can only be diagnosed
by means of endoscopy. The same holds true for
small bleeding lesions, e.g. hemorrhagic gastritis.
Endoscopy proved to be superior in demonstrating
mucosal lesions of the stomach, often small, just be-
low or at the site of the hiatus in cases of hiatal
hernia.
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Extensive scarring and deformity of the duodenal
bulb often makes it impossible radiologically to dem-
onstrate or exclude an active ulcer; this can readily
be done by endoscopy (10,2S0). On the other hand,
radiology gives a better impression of the total de-
gree of deformity of the duodenum (106,261).

The difficulties of differentiating between an ac-
tive duodenal ulcer and an ulcer scar are well-known
to the radiologist. Improvements in technique result-
ing in the demonstration of minute gastric niches
with converging folds have produced the same prob-
lem in gastric radiology. It is not possible by ra-
diological means to distinguish between a very small

active ulcer and an ulcer scar that presents itself as a
tiny excavation (fig. 25). Only gastroscopy can dem-
onstrate if there is intact mucosa on the floor of a
small crater.

Endoscopy also provides the opportunity of
biopsy for a histological diagnosis. There are situa-
tions in which radiology can suggest the diagnosis
more easily, e.g. linitis plastica, in which the failure
of segments of the stomach to distend can be more
easily documented by the radiologist than the endo-
scopist. Submucosal neoplastic infiltration and the
mucosa, which may be intact, renders gastric biopsy
less reliable than in other types of malignancy. Not

Fig. 24
a. PC mucosal relief study, prone position, after the patient swal-

lowed 30 ml of the barium suspension. There is an irregular
polypoid lesion of about 4 cm in diameter.

b. DC study, supine position. Owing to troublesome superimpo-
sition of the barium suspension in the duodenum this picture
was obtained with great difficulty. It indicates that the lesion is
situated on the posterior wall. When supplementary CO2 was
given, the lesion effaced nearly completely.

c. PC compression study, erect position. Several polypoid filling
defects are visible.

This case illustrates the complementary role of the 3 projections.
The PC mucosal relief study in this case provided the best im-
pression of the true dimensions of the lesion. Endoscopy demon-
strated only one polypoid lesion with a diameter of 5 mm and. in
addition, an erosive lesion with a diameter of 8 mm. Biopsy re-
vealed adenocarcinoma. In the resected specimen a polypoid
adenocarcinoma restricted to the mucosa (EGC) and measuring
3J x 4J x | cm was found. This case also indicates the com-
plementary role of radiology and endoscopy.
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infrequently it results in false-negative bioptic
diagnosis.

In stenosing lesions, radiology can reveal the dis-
tal boundary of the lesion (fig. 26), e.g. stenosing

_ malignancies of the cardia and antrum, and pyloric
stenosis due to peptic ulceration. The areae gastricae
in most instances can be visualized radiologically in
an easy way - in contrast to routine endoscopy (34,
1S7). Lesions that are easily effaced by inflation of
the stomach, can be visualized better by radiological
examination than by endoscopy (see fig. 24).

Fig-25
DC study, supine position, RPO; table 30" anti-Trendelenburg. A
small niche with converging folds caused by an ulcer scar is
present in the posterior wall, confirmed by endoscopy.
(Reproduced by permission of Radiology.)

Fig. 26
DC study, erect position. Irregular stenotic lesion of the cardia.
Radiology showed the proximal and distal boundaries. The gas-
troscope did not pass the stricture but biopsy confirmed the ra-
diological diagnosis of adenocarcinoma. The complementary role
of radiology and endoscopy is illustrated by this case.

SB*
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Chapter 6

QUANTITATIVE RESULTS IN THE DIAGNOSIS OF MAUGANT LESIONS
OF THE STOMACH

6.1. Introduction

The aim of this investigation is to verify the reli-
ability of the standard biphasic-contrast gastric
examination as the screening method for the detec-
tion of potentially malignant lesions, to determine
which patients should be subjected to gastroscopy
and biopsy.

This investigation has been restricted to malig-
nant lesions since a more or less objective standard
can be applied to this group of lesions, within the
meaning of a histological diagnosis. Because of the
natural history of malignant lesions, a follow-up
study is possible; a long interval between the initial
examinations, which may occasionally elapse, does
not materially affect the result.

Moreover, it was interesting to investigate if Early
Gastric Cancer was present among our group of
malignant lesions, particularly because this finding
has frequently been reported in the Japanese litera-
ture but rarely in the writings of Western authors
(33, 63, 65, 72, 89,98, 111, 156,166,167,183,217,
229,237,240,241,248,258). The designation Early
Gastric Cancer refers to a gastric carcinoma that
does not extend deeper than the submucosa. The 5-
year survival rate is higher than 90 per cent (see chap-
ter 7, section 6.). For a diagnostician to overlook this
type of lesion is a tragedy - particularly in view of the
5-year survival rate of only 10 per cent of patients
with gastric carcinoma reported in the literature
(32).

Since carcinoma of the stomach may present as
a wide variety of lesions, ranging from minute
alterations in mucosal relief, through ulcers, to large
masses, this investigation also tests the sensitivity of
the standard biphasic-contrast examination method
in demonstrating non-neoplastic lesions of the
stomach.

6.2. Methods and materials

Between 1 September 1973 and 1 September 1976,
4,054 standard biphasic-contrast gastric examina-
tions were performed in 3560 patients aged 30 years
and over. N o gastroenterostomy or partial gastrec-
tomy was performed on any of these patients.

Gastroscopies were carried out in 776 patients of
this group one or more times, during the period 1
September 1973 and 1 January 1977. Multiple biop-
sies were usually taken, followed by histological
examination. The indications for the gastroscopies
differed: only in the event of acute hemorrhages was
a gastroscopy carried out without preliminary ra-
diological examination. In most cases it was dictated
by the report of the preceding radiological examina-
tion, and it was also regularly carried out in patients
with persistent complaints that could not be ex-
plained sufficiently by the initial radiological
examination.

The 776 patients who had undergone one or more
gastroscopies were divided into two groups:
I 733 patients who had been examined radiologi-

cally prior to gastroscopy (Table 2), and
II43 patients in whom gastroscopy preceded ra-

diological examination (Table 3).
Of both groups, the results of the radiological re-
ports, gastroscopies and histological diagnoses were
encoded on cards. If more than one radiological
and/or endoscopic examination had been perform-
ed, the examinations closest together in time were
used. If a malignant lesion was finally diagnosed his-
tologicaily, the data of the initial examinations were
also evaluated.

The radiological findings were placed in 11 cate-
gories, varying from appearances very suspicious of
a malignant lesion (number 1) to normal ap-
pearances (number 11). Then these groups were
pricked off the card index system, ranking in the

•4
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Table 2.
Group I, i.e. radiological examination preceding gastroscopy - 733 patients

radiological diagnosis

categories

1. definitely malignant lesion,
suspicion of malignant
lesion, one or more polyps
( 0 > 2 cm), gastric
retention suggesting a
malignant cause

2. one or more ulcers
suggesting malignancy

3. one or more ulcers or
ulcer scars

4. indefinite lesion,
gastroscopy desirable

5. gastric retention.
benign cause

6. "reaction antral" without
demonstrable ulcer

7. one or more polypoid
lesions ( 0 < 2 cm), one
or more varioliform
erosions

8. atrophy of the mucosa
9. miscellaneous:

submucosal lesions,
indentations, varices,
heterotopic pancreatic
tissue, diverticulum

10. normal, but slightly
coarse gastric folds

11. normal

total

patients

88

19

129

89

5

18

68

24

15

32
246

733

histological diagnosis

maHgnunt
non-Hodgkin
lymphoma

1

1

0

0

0

0

0

0

0

0
2

4

adeno-
carcinoma

42*

6

3

3

0

0

0

0

0

0
0

54

of
which = •

EGC )

6

4

1

0

0

0 i

0

0

0

0
0

11

* In one the histological report of the biopsies was most suspicious of adenocarcinoma. Furthermore there was overwhehning
radiological, endoscopic and clinical evidence of a malignant lesion. No operation; no autopsy.

order from 1-11, and from every group the number
and nature of the eventual malignant lesions deter-
mined histologically were recorded.

As a subsequent exercise, data from 3 sources was
correlated and examined to determine whether any
malignant lesions had appeared up to 1 March 1978
in the original patients. This data (group III) was pro-
vided by the Medical Records Department, by the
Department of Medicine in which the gastroscopies
were carried out, and by the Department of
Radiology in which the barium studies were made.

Finally, the records of the Regional Pathological
Laboratory were checked. The list of malignant le-

sions of the stomach diagnosed between 1 September
1973 and 1 March 1978 was reviewed (group IV) to
find any such lesions that had been missed in patients
who had undergone a standard radiological
examination during the first 3 years of this period. In
this way, an attempt was made to trace patients who
had initially been examined in the author's
Department but in whom a malignant lesion of the
stomach had subsequently been diagnosed in an-
other regional hospital.

All 54 cases of adenocarcinoma of group I were
found in categories 1-4, i.e. those in which the def-
inite suspicion of a malignant lesion was present.
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Croup II, i.e. radiological examination following gastroscopy - 43 patients

radiological diagnosis

categories

1. definitely malignant lesion.
suspicion of*malignant
lesion, one or more polyps
( 0 > 2 cm), gastric
retention suggesting a
malignant cause

2. one or more ulcers
suggesting malignancy

3. one or more ulcers or
ulcer scars

4. indefinite lesion.
gastroscopy desirable

S. gastric retention,
benign cause

6. "reaction antral" without
demonstrable ulcer

7. one or more polypoid
lesions ( 0 < 2 cm), one
or more varioliform
erosions

8. atrophy of the mucosa
9. miscellaneous:

submucosal lesions.
indentations, varices,
heterotopic pancreatic
tissue, diverticuhim

10. normal, but slightly
coarse gastric folds

11. normal

total

patients

1

1

7

1

0

1

I

3

2

4
22

43

hislological diagnosis

malignant
non-Hodgkin
lymphoma

I

0

0

0

0

0

0

0

0

0
0

1

adeno-
carcinoma

0

1

2

0

0

0

0

0

0

0
0

3

of
which =
EGC

0

1

0

0
n

0

0

0

0

0

0
0

1

Eleven of these 54 belonged to the Early Gastric
Cancer category, as ultimately confirmed by the re-
sected specimen. When the file of radiological re-
ports was examined to find instances in which the
initial radiological report had not been encoded, it
was found that all these lesions had been detected at
first examination. In the higher categories, i.e. nor-
mal or practically normal, no carcinomas were
found but there were 2 cases of malignant non-
Hodgkin lymphoma. These two cases require further
discussion.

Case 1: The radiological report was normal (see fig.
27a). Gastroscopy 5 weeks later revealed inflam-
matory changes in the corpus of the stomach and an
ill-defined, 3 x 5 cm area on the posterior wall,

which had a cobble-stone appearance and a few
irregular ulcers. Biopsy showed a malignant
non-Hodgkin lymphoma. Repeated radiological
examination 12 days after the gastroscopy revealed
coarse areae gastricae in the suspected region (fig.
27b).

This is an instance of incorrect radiological diag-
nosis. It must be pointed out however, that this case
dates from the initial few months after the standard
biphasic examination was introduced, when suf-
ficient experience had not yet been gained and the
pictures obtained were inferior compared with those
made later on.

Case 2: The radiologist reported no gross pathology;
there was a slightly funnel-shaped antrum (fig. 28a).

• ; &



42 RESULTS

Fig. 27
a. DC study, supine position. This examination was reported as

normal.
b. D C study, supine position, about 6 weeks later, following

biopsy, which had revealed a malignant non-Hodgkin
lymphoma. The radiological report on this examination
referred to coarse areae gastricae in the area from which the
biopsies were taken.

These studies date from the initial months of the investigation.
Retrospectively, an abnormal nodular appearance of the folds
can be noticed on both pictures. Also, there are fine nodules
between the folds which do not represent areae gastricae.

Gastroscopy, carried out more than three months
after the radiological examination, revealed a lesion
suggestive of an adenocarcinoma of the antrum.
Repeated radiological examination six days after
gastroscopy confirmed the presence of a tumor of
the antrum (fig. 28b). Biopsy: malignant non-
Hodgkin lymphoma.

It is doubtful whether this case - also dating from
the initial months of the examination period - was
really false-negative. The lesion certainly was rapidly
progressive.

In group II the malignant lesions were in categories
1, 2 and 3. Since all the lesions were very obvious,
they would not have been missed, even without fore-
knowledge of the results of gastroscopy. This ap-
plied particularly to the only case of Early Gastric
Cancer (fig. 85).

Group III covers the investigation made on the
basis of data from the Medical Records Department,
the Department of Medicine and the Department of
Radiology between 1 September 1973 and 1 March
1978.

This investigation produced two cases in which
there was overwhelming evidence but not a his-
tological diagnosis of a malignant lesion of the stom-
ach. This evidence was largely radiological. In an-
other patient, autopsy revealed a tiny gastric carci-
noma; 12 days previously, a radiological diagnosis of
an ulcerating gastric tumor had been made. In yet
another case, a carcinoma of the stomach was found
at operation. Sixteen days previously, an incomplete
radiological examination had shown gastric reten-
tion, but a benign rather than a malignant lesion had
been considered to be its cause. No gastroscopy was
performed.

One true mistake came to light. More than 18
months after a radiological examination of the stom-
ach in a patient, repeated examination showed a large,
apparently malignant tumor of the antrum, which
biopsy confirmed to be an antral carcinoma. Upon
review of the initial study, it was clear that the films
had been misinterpreted: a circuinscriptive stenosis
of the antrum was present which, if interpreted cor-
rectly at the time, would undoubtedly have led to
gastroscopic examination (fig. 29).

The check of the records of the Regional
Pathological Laboratory (group IV) revealed no ad-
ditional malignancies.
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Fig.28
a. DC study, supine position, LPO. No gross pathology was

' found, but a somewhat funnel-shaped antrum (as had been
observed on previous examinations).

b. Same patient examined by the same technique, more than 3
months later. Now there is a large stenosing tumor in the an-
trum. Biopsy revealed a malignant non-Hodgkin lymphoma.

fig. 29 -
a. PC study, prone position. Circumscriptive stenosis (large ar-

rows) about 2i cm proximal to the pylorus (small arrows).
b. Same patient, DC study, supine position, LPO. Note the ste-

nosis (large arrows) and the pylorus (small arrows). In this
patient, PC studies are more diagnostic than the DC studies.
The nature of the stenosis was not interpreted correctly - a
human error of film reading, resulting in a false-negative ra-
diological report.

c. Same patient, examined by the same technique as b above,
more than 18 months later. DC study, supine position, LPO.
Huge malignant tumor of the antrum. Biopsy: adeno-
carcinoma.
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6.3. Summary

During the period between 1 September 1973 and 1
September 1976, 4,054 standard biphasic-contrast
gastric series were carried out in 3560 patients aged
30 years and over, on whom no gastroenterostomy
or partial gastrectomy had been performed. Of
these, 776 underwent one or more gastroscopies be-
tween 1 September 1973 and 1 January 1977, reveal-
ing 57 carcinomas.

From study of the resected specimen, 12 of these
could be classified as Early Gastric Cancer, i.e. 21
per cent of the total number of cases of diagnosed
adenocarcinomas.* The radiological reports re-
vealed that all 12 had been identified as potentially
malignant at the first examination. In addition, 5
histologically confirmed malignant non-Hodgkin
lymphomas were found, of which 3 had been de-
tected as potentially malignant lesions. In one case,
the radiological report had been misleading, being
false-negative. In another, the error remained un-
corrected, because of the progressive nature of the
lesion and the relatively long time lag between ra-
diological and endoscopic examinations. As far as
the radiological examination is concerned, both
these cases dated to the early months of the investi-
gation, when experience of the standard-biphasic
method was still limited.

In the course of the follow-up study (1 September
1973 to 1 March 1978), an adenocarcinoma which
had initially been missed radiologically, was de-
tected at a subsequent radiological examination.
This was an instance of misinterpretation; retro-
spectively, the carcinoma could be clearly defined in
the films of the first series.

6.4. Conclusion

The radiological standard biphasic-contrast gastric
series is a reliable screening method for the detection
of potentially malignant lesions of the stomach - not
least in respect to the extremely important group of
Early Gastric Cancer - to determine which patients
should be subjected to gastroscopy and biopsy.

Appendix

In respect of this excellent result (43) the question arises if a mass
survey in the Netherlands is advisable. Some Tacts have to be
taken into consideration.
a. Although its incidence is slowly decreasing in the Western

World, gastric carcinoma is still an important cause of death in
the Netherlands. In 1976 gastric cancer (the vast majority of
gastric cancers are carcinomas) was the second commonest
cause of death of malignant tumours (total number of deaths:
2949) after cancer of the lungs. In the same year there were 2405
road deaths (23).

b. In the Netherlands population screening will probably be less
productive than in Japan where the incidence of gastric car-
cinoma is two to three times as high as in the Netherlands (115).

c. Although other means of mass survey (gastrocamera examina-
tion) are used, a radiological survey seems the most important
one. In this respect the radiation risk has to be considered. A
benefit/risk comparison (138) of a mass survey among
2,000,000 persons performed in Japan in 1970 showed a con-
siderable benefit surplus.

d. The radiological examination as generally performed in
Europe, is inadequate for the detection of Early Gastric Cancer
(167). In the author's opinion the Netherlands, unfortunately,
is no exception. This study proves however, that also in the
Netherlands a reliable detection of Early Gastric Cancer is
possible.

e. The high risk group includes people aged over 55 years. Other
high risks are family history of gastric cancer, gastric ulcer,
atrophic gastritis with or without pernicious anemia and gas-
tric polyps (33,147,208). Gastroenterostomy or distal partial
gastrectomy performed more than 10 years before is a high risk
that should be considered separately because the radiological
examination is difficult and not apt to be performed as a mass
survey (197).

* This percentage is high in comparison with other results re-
cently obtained in the Western World (including Australia). A
review of this literature yields percentages varying from 6.3 to 20
(65, 72, 89, 111, 156, 217, 229, 248). It even equals a Japanese
report of 24 per cent (135), although it should be stressed that this
particular series consisted of patients admitted to a surgical de-
partment and it probably does not represent the total group of
patients in whom a diagnosis of adenocarcinoma was made.
Another Japanese series (43) claimed a percentage of 40.5, but
these results were obtained at a mass survey (see Appendix at the
end of this chapter).
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7.1. Normal and abnormal mucosal relief 7.1.2. ABNORMAL MUCOSAL RELIEF
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7 .1 .1 . NORMAL MUCOSAL RELIEF

In the stomach two kinds of mucosal relief can be
distinguished, viz. those formed by the gastric folds
or rugae, and those formed by the areae gastricae.

The gastric folds in the fundus and corpus of the
stomach are anatomically preformed, but distal to
the angulus there is no such anatomical arrange-
ment. The thickness of the normal fold is said to be 4-
5 mm. (76,203). The normal fold disappears on com-
pression and distension of the stomach; the use of
hypotonic techniques nearly always effaces the an-
tral folds.

The surface of the gastric mucosa consists of ovoid
and polygonal elevations, each a few millimetres in
diameter and separated by grooves. These eleva-
tions, which are more or less uniform in size and
shape, are normal anatomical structures - the so-
called areae gastricae. The maximal diameter of
"normal" areae gastricae is 6 mm., and they are
usually much smaller (41, 76,157, 210). Success in
demonstrating these structures largely depends on
the radiological technique. Hypotonia improves
visualization of the areae gastricae considerably; fur-
thermore it is easier to demonstrate them by means
of DC than with PC compression studies (fig. 5). The
degree of visualization varies greatly with different
kinds of barium suspension (142,144,145). Vielvoye
(unpublished data), using a fresh cadaver specimen,
demonstrated that the areae relief, which was not
visible 30 minutes after an autopsy, could be vi-
sualized by treating the mucosa with a mucolytic
agent. In addition to the areae relief, rimpling is
sometimes demonstrated in the gastric antrum,
which is attributed to contractions of the muscularis
mucosae (236) (figs. 31,32).

Abnormally coarse folds: Opinions differ about
when a fold must be regarded as abnormally coarse.
Some authors believe that any fold thicker than 10
mm. is abnormal, others state 5-8 mm. (77,203,211,
267). Also, thick folds often have irregular margins
and are therefore of uneven width. Abnormal folds
cannot be easily flattened under external pressure
and are not effaced when the stomach is distended.

The radiologist encountering this picture can gen-
erally provide no more than a differential diagnosis.
For a histological diagnosis, gastroscopy and biopsy
are required.

The causes of coarse folds are:

1. "Hypertrophic gastritis"
2. Menetrier's disease
3. Zollinger-Ellison's syndrome
4. in association with peptic ulceration or va-

rioliform erosions
5. pseudolymphoma
6. malignant lymphoma
7. carcinoma
8. granulomatous disease (syphilis, sarcoidosis,

Crohn's disease, tuberculosis)
9. impaired renal function

10. acromegaly
11. varices
12. gastrointestinal edema in hepatic cirrhosis
(8,25,36,134,271).

Abnormally thin folds: In cases of chronic atrophic
gastritis the folds are sometimes thin, and they may
be absent on the greater curvature of the stomach.
Absence of rugae on the greater curvature combined
with distal tubular deformity and a bald fundus
strongly suggests chronic atrophic gastritis (79,137).
Personal experience in cases of chronic atrophic
gastritis indicates that the pylorus often remains
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patent following the intravenous injection of glu-
cagon O.S mg - in contrast to the normal pylorus,
which closes for some minutes after such premedica-
t i o n . '- - - - - . - - - - - " • • - : , - - - • • • - - _ . -••• - , - - - -

Abnormal areae relief: Recent advances in the
gastric radiological examinaion ensure the areae
gastricae are visualized far more frequently. So far
only a few criteria have been defined for regarding
areae gastricae relief as normal or abnormal. Frik
(77) stated that irregular and uneven polygonal
areae in the prepyloric region with a diameter of 3-5
mm. indicate a diffuse gastritis, in most cases a
diffuse atrophic gastritis. Mackintosh and Kreel

(157) found a high incidence of duodenal ulceratio in
patients in whom areae gastricae with a diameter of 4
mm. were welt seen in the gastric antrum ("good
coaters") and - using the same technique - a low
incidence in patients in whom the areae were not
visualized ("non-coaters"). Koga et al. (140), in
studying magnification radiographs of resected
gastric specimens, found that destruction of the
areae gastricae and the grooves between them pre-
dominated in a carcinomatous mucosa. A similar
pattern was encountered in only a few cases of non-
carcinomatous mucosa with marked atrophy. Much
work remains to be done in this Held.

Fig.3O
a. DC study, supine position.
b. PC compression study, erect position. Normal gastric folds.

The fold crossings in 30 b indicate that the folds in the anterior
as well as the posterior wall are visualized. The endoscopist also
regarded these folds as normal.
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fig- 31
DC study, supine position. Opposite the angulus a normal areae gastricae relief is visualized. In
the pyloric region there is additional rimping probably caused by contraction of the muscularis

Fig. 32
Another example of rimpling in the pyloric region.



50 RADIOLOGIC ATLAS OF COMMON LESIONS

Fig. 33
DC study, supine position. The folds in the corpus are rather
coarse with unevenness in width. The endoscopist considered this
a case of hypertrophic gastritis. The biopsies were compatible
with gastritis.

Fig. 35
DC study, supine position. Extremely coarse folds in association
with a peptic ulcer (arrows). Biopsies: no signs of malignancy.
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Fig. 34
a &b. DC studies, supine position. Very coarse folds in the corpus showing un-

evenness in width. Prominent areae gastricae relief in the region of the angulus.
Endoscopy: coarse edematous folds; Menetrier's disease was considered. The
biopsies, including a big particle biopsy, were practically normal. There was
neither important inflammation nor indications of Menetrier's disease.
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a. DC study, supine position.
b. PC compression study, erect position. In the antrum coarse folds with local thickening.

Thickened folds in the lower corpus. Several varioliform erosions are visualized (arrows).
Endoscopy: erosive gastritis with thickened folds.
Gastrobiopsy: gastritis and in the antrum intestinal metaplasia.
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Fig.37
D C study, supine position, IPO. Coarse folds with irregular margins in the antrura.
The endoscopist considered "hypertrophic gastritis." Biopsies were compatible with
a malignant lymphoraa; those of the rectal mucosa were diagnostic of malignant
lymphoma.

Hg-38
D C study, supine position. Extremely coarse folds in the corpus in a patient with an
adenocarciaoma (as proved by gastrobiopsy) extending from the lower esophagus to
the lesser curvature of the antnun (same patient as shown in fig. 96).

4
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a. DC study, supine position, RPO; (able 30° anli-Trendelenburg. Prominent folds in the fundus.
b. DC study, supine position. Normal folds in the corpus. Endoscopy revealed varices in the gastric

fundus but no esophageal varices. A further examination demonstrated an obstruction of the splenic
vein.
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Fig. 40
a. DC study, erect position. Tortuous folds in the fundus.
b. Esophageal varices. The diagnosis of varices of the distal esophagus and the gastric

fundus was endoscopically confirmed.

55

Fig. 41
DC study, supine position. Extremely
swollen nearly effaced folds in a cirrhotic
patient. Endoscopy demonstrated
edema; the biopsies showc 1 no signs of
malignancy. Through several years,
follow-up studies revealed a changing
appearance of the folds which, however,
remained thickened; furthermore
varices of the fundus became obvious.
The appearance of the folds was inter-
preted as being caused by gastric edema
in hepatic cirrhosis.



56 RADIOLOCIC ATLAS OF COMMON LESIONS

Fig. 42
DC study, supine position, RPO; table 40° anti-Trendelenburg.
Bald fundus, note the converging folds to the cardia in the centre
of the film. Endoscopy: diffuse atrophic gastritis. Biopsies:
chronic inflammation with atrophy.

Fig. 43
a. DC study, supine position, RPO; table 40° anti-Trendelenburg.
b. DC study, supine position, partial RPO; table about 30° anti-

Trendelenburg. Coarse irregular areae gastricae relief.
Examination of the duodenal bulb revealed an ulcer. No
endoscopy.
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Fig. 44
a. DC study, supine position, RPO; table 30° anti-Trendelenburg. b. Compression study of the gastric angulus reveals at least one

Very coarse irregular areae gailricae relief. erosion (arrows). Autopsy demonstrated chronic gastritis with
erosions.

Fig. 45
a. DC study, supine position, RPO; table 40° anti-Trendelenburg.
b. DC study, supine position, LPO. Prominent areae gastricae

relief in the fundus. The areae are coarse and irregular.
Gastrobiopsy demonstrated a gastritis with local atrophy.

! • : ,
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7.2. Erosions

A gastric erosion is defined as a mucosal defect
which does not penetrate the muscularis mucosae. A
flat erosion can be diagnosed radiologically only
with great difficulty. However, many erosions are
surrounded by walls produced by various factor J
such as contractions of the muscularis mucosae,
edema, cellular infiltration or fibrosis (125,255,268,
269). If an erosion possesses such a wall, it is called a
varioliform erosion. If there are many varioliform
erosions, the condition is often referred to as erosive
gastritis.

Varioliform erosions are common lesions. In the
first three months of 1976, 500 biphasic gastric
examinations were performed, and varioliform ero-
sions were diagnosed in over 10 per cent and strongly
suspected in a further 5 per cent. Previously a good
correlation had been shown in this material between
the endoscopic and the radiological diagnoses (194).

The close parallel between the radiological and the
gastrophotographic findings was indicated as early
as 1933 by Henning and Schatzki (109), but the de-
finitive radiological publications are more recent (1,
75,267). Numerous publications in the past 4 years
have stressed the importance of the DC technique in
the radiological visualization of varioliform erosions
(87,97, 143,148,149,152,202).

PC compression studies, also, are useful in the
diagnosis of varioliform erosions (3, 20, 182, 194).
They may even be mandatory, because elevated le-
sions with gently sloping edges situated on the ante-
rior wall of the stomach may be missed without the
use of compression (194) (fig. 53; see chapter 2).

Relation to duodenal and gastric ukeration: Varioli-
form erosions are often found in a stomach that is
normal in other respects. They are usually confined
to the antrum but may at times occur in the corpus.
Antral varioliform erosions are frequently en-
countered with an ulcer of the duodenal bulb. Some-
times they accompany a gastric ulcer. It is still not
clear whether a gastric erosion ever turns into a
gastric ulcer (36,125,255).

Differential diagnosis: The diagnosis of multiple
varioliform erosions usually presents no difficulties,
although Crohn's disease is said to produce the same
appearance (64,149,152, 216). A focal lesion with
appearances of a solitary varioliform erosion may
entail the following differential diagnosis: a sessile
polyp with central ulceration, heterotopic pancreatic
tissue, a neurogehic tumor, a metastasis or even a
malignant erosion (131). It should be remembered
that the site of predilection for heterotopic pan-
creatic tissue is the greater curvature of the antrum
or the pyloric region. Endoscopy and biopsy are
often advisable. Of course, the differential diagnosis
between deep erosions and a shallow ulcer can only
be completed by histological examination of a
resected specimen.

Prognosis: Varioliform erosions may heal com-
pletely and disappear within a short time. Sometimes
no improvement occurs. The lesion is also reported
to recur through decades (269). Several authors (132,
268) maintain that varioliform erosions ultimately
become polyps.
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a. DC study, supine position! Multiple varioliform erosions. b. PC compression study, erect position. Thanks to the use of high
- - - _ -' kV and a medium-high density barium suspension, the erosions

are well shown in this study.

Fig. 47
DC study, supine position. Same patient 1 year after the examina-
tion as shown in fig. 46.
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Fig. 48
a. DC study, supine position, LPO. Linear erosion (white arrows) on a thickened fold

(black arrows) of the posterior wall of the antrum.
b. Resected specimen. The patient was operated upon because biopsies suggested a ma-

lignant lesion. Moredistal to the linear erosion there is a smallercrosion on a thickened
fold, which can be identified retrospectively in Fig. 48a. Histobgical examination re-
vealed that the mucosa at the side of the linear erosion was interrupted as far as the
muscularis mucosae, which was still identifiable as such. Fibrosis and an inflammatory
infiltration were present, which extended nearly to the muscularis propria. No malig-
nant lesion.
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Fig. 49
a. DC study, supine position, partial LPO. Multiple varioliform erosions.
b. PC compression study, erect position. Thanks to the use of a barium suspension of medium-high

density and high kV, the erosions can be well identified. The patient suffered from Crohn's disease of
the small bowel. However, biopsy failed to reveal Crohn's disease of the stomach.
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DC study, supine position. Multiple varioliform erosions in a
patient with a protein-losing gastroenteropathy. Gastroscopy
confirmed the erosions. The erosions were coated with a thin fi-
brinous exudate. Histological examination: chronic inflammation.
The physician viewed the gastric erosions as the cause of the
protein-losing enteropathy (73).

DC study, supine position, IPO. Two typical vurioliform ero-
sions are visible on the posterior wall of the prepyioric region.
There is an ulcer niche in the base of the apical cap.

Fig. 52
DC study, supine position, RPO; table 20° anti-Trendelenburg.
There is an ulcer niche on the posterior wall of the corpus of the
stomach. Erosions (arrows) are present on converging folds distal
to the ulcer. Endoscopic confirmation. (Reproduced by permis-
sion of Radiologia Clinica.)
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B g . 5 3 ' - ,_ .- / - , - . , . , . ;- =-• --- ; . - • ' . . -.-: - •• - ' ' ' :

a. DC study, supine position, IPO. There is a solitary variolifonn erosion (arrows) on the posterior
wall of the gastric antrum.

b. PC compression study, erect position, LPO. Multiple varioliform erosions are present. If these
lesions are not visualized on the DC study, they are in all probability localized on the anterior wall
of the antrum. PC compression studies are superior to DC studies in the case of elevated lesions
with gently sloping edges on the anterior wall. This situation stresses the need for a biphasic gastric
examination.

1
•A
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Fig. 54
a. DC study, supine position, LPO. There are numerous spots of

barium on the posterior wall of the gastric antrum, representing
either deep erosions or superficial ulcers, suspicious of Crohn's
disease. Confirmation by gastroscopy. Biopsy revealed a non-
specific inflammatory reaction.

b. Repeat examination under identical conditions, I year later.
c. PC compression study, erect position. There are numerous ul-

cers and deformity of the gastric antrum. The patient died 2
months later. Autopsy showed multiple ulcers. Histological
examination (which included the expert opinion of Dr B.C.
Morson (The Pathology Department of St. Mark's Hospital,
London, England) revealed no evidence of Crohn's disease or
of an ischemic etiology of the ulceration.
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7.3. Antral gastritis

The radiological diagnosis of gastritis is a contro-
versial subject. Only erosive gastritis (see page 58),
extensive chronic atrophic gastritis (see page 47,48)
and antral gastritis can be diagnosed reliably by the
radiologist. The more classical descriptions of antral
gastritis (11,19,92) include symptoms such as antral
spasm, narrowing of theantral region, irregularity of
peristalsis, polypoid lesions and varioliform ero-
sions. More recently Turner et al. (262) have proved
that crenulation of the antral mucosa, transient an-
tral spasm and an absence of normal antral disten-
tion are reliable criteria for the diagnosis. These work-
ers believe that an abnormal upper gastrointestinal

series never assumes normal appearances upon hy-
potonic examination.

Personal experience has shown that drug-induced
hypotonia greatly facilitates the diagnosis. In a series
of endoscopically-verified cases of antral gastritis,
hypotonia revealed an abruptly marginated, con-
centric narrowing in the antral area with folds that
ran transversely and multiple nodular filling defects
which either were varioliform erosions or contained
no central excavation. Once the hypotonia subsides,
the irregular peristalsis that then occurs generally
rules but the diagnosis of antral carcinoma. Other
lesions to consider in differential diagnosis include
Crohn's disease, malignant lymphoma, corrosive
gastritis and eosinophilic gastritis (270).

Fig. 55
a. PC mucosal relief study, prone position. Irregular filling defect

in the prepyloric region.
b. DC study, supine position, LPO.
c.PC compression study, erect position, LPO. Abruptly

marginated narrowing of the prepyloric region with trans-

versely running thickened folds and nodularity.
d. Same examination, after the hypotonia subsided. Slightly irreg-

ular peristaltic waves. The radiological appearances are most
suggestive of the diagnosis anlral gastritis. Endoscopy showed
thickened edematous folds with varioliform erosions. Biopsies
revealed a non-specific inflammatory reaction.



66 RADIOLOGIC ATLAS OF COMMON LESIONS

fig. 56
a. PC mucosal relief study, prone position. Thickened folds in the

prepyloric region.
b. DC study, supine position, LPO. Transversely running thick-

ened folds and a nodular filling defect on the posterior wall.
c. PC compression study, erect position, LPO.
die. Same examination. PC compression studies after the hy-

potonia subsided. Peristalsis proved to be irregular but unin-
terrupted. The prepyloric distension is not altogether normal.
Appearances of an antral gastritis. Endoscopy: thickened
edematous folds and varioliform erosions. Biopsies: non-spe-
cific inflammatory reaction.
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7.4. Ulcers

A gastric ulcer may be defined as a defect in the
gastric wall extending through the muscularis mu-
cosae. It may occur at any site in the stomach, but
peptic ulcers predominate on the lesser curvature,
especially in the region of the angulus. The posterior
wall is more commonly involved than the anterior
wall (93,212,246,251). Although conventional con-
cepts, based on PC techniques, suggest that most
ulcers occur in the distal hah7 of the stomach (212,
246,252), modern experience with DC examination
and endoscopy (251) indicates that ulcers can be
demonstrated frequently in the proximal half of the
stomach.

Whenever possible, an ulcer crater should be dem-
onstrated by profile and en-face views, which is near-
ly always possible in the vertical part of the stom-
ach. It is sometimes difficult to obtain both views
in the antrum, but angulation of the tube using a
remote controlled apparatus may be useful. The en-
face view is more reliable than the profile view (fig.
58).

Any peptic ulcer may heal without leaving a vis-
ible scar. However, healing with scarring frequently
occurs, resulting in a pattern of radiating folds,
sometimes with a small central excavation (133,
213). Differentiation between an active ulcer and an
excavated scar is impossible by radiological
methods alone (fig. 25). Only the endoscopist may
be able to judge if the epithelium at the base of an
excavation is intact.

Malignant ulcers are to be divided into ulcer-car-
cinomas, in which the carcinoma has arisen on the
basis of a chronic gastric ulcer, i.e. carcinoma is

present in the edge of the ulcer, and ulcerating car-
cinomas, in which carcinoma is also found at the
base of the ulcer (247). Dekker (32), in discussing the
extensive literature on malignant degeneration in the
edges of an originally benign ulcer, considers the
subject a controversial one. He believes that malig-
nant degeneration is likely to be a rare event - if it
occurs at all.

The student may be justifiably confused or over-
whelmed by the large number of publications deal-
ing with the radiological features of malignancy in
ulcerating gastric lesions (a.o. 18,119,186,223,224,
272, 273). On the one hand, Gutmann (102, 103)
believes it impossible to decide, purely on the ra-
diological appearances of a niche, if the ulcer is ma-
lignant or benign. On the other hand, there is strong
evidence that there are several valid radiological in-
dications (though none is absolute) of ulcer malig-
nancy, viz. an indistinct nodular border of the crater,
an irregular shape of the crater and an asymmetric
crater (272). Two other features are that the folds,
which are often deformed, end fairly far from the
center of the crater (119, 126), and that the base of
the crater projects within the contour of the stomach
(224,273).

Although endoscopy with biopsy has become es-
tablished as the most reliable method of reaching a
preoperative diagnosis of malignancy (35), it re-
mains important for the radiologist to possess his
own criteria of malignancy. This knowledge is nec-
essary, not in order to attempt a definite histological
diagnosis but to direct the work of endoscopists to
ensure that they make biopsies and repeat the pro-
cedure if the biopsy findings are inconsistent with the
radiological diagnosis.

1
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Fig. 57
a. DC study, supine position, IPO.
b. DC study, supine position. Ulcer niche on the posterior wall of the corpus demonstrated by a profile

and a en-face view. The latter gives the best information: the converging folds are visible in this
projection only.
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Fig.58
a. Nearly erect position, LPO.
b. DC study, supine position. The proiile view (58a) shows an irregular contour of the lesser

curvature; appearance is suggestive of at least one ulcer niche which could only definitely be
demonstrated in the en-face view. The en-face view is of more importance than the profile view.
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Fig. 59
a. PC mucosal relief study, prone position.
b. DC study, supine position, LPO.
c. PC compression study, erect position, LPO. The DC study shows

a curved line shadow that represents the edge of an ulcer niche in
the anterior wall. PC studies show the niche and its surroundings.
This case stresses the need of a biphasic gastric examination.
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Fig. 60
DC study, supine position. Curved line
shadow (arrows) highly suspicious of an ulcer.
niche in the anterior wall. Confirmation by
gastroscopy. Biopsies demonstrated benig-
nancy.

Fig. 61
DC study, supine position, LPO. Linear niche
in the posterior wall of the prepyloric region.
Note the open pylorus. Endoscopic confir-
mation.
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Fig.62
DC study, supine position. Difficult examination because the patient was in a very bad
shape. Only supine films were made; PC compression studies were not possible. Two
coin-liSe configurations on the lesser curvature of the lower part of the corpus (arrows),
which could not be explained at the time of the examination. The patient died shortly
afterwards. Autopsy showed two coin-like very shallow benign ulcers.

Fig. 63
DC study supine position, LPO. Tiny ulcer in the region of the angulus. Several va-
rioliform erosions in the neighbourhood (arrows). Endoscopy performed some months
later revealed an ulcer scar in the angulus. Biopsies demonstrated benignancy.

-^iKlC^W£2^1^^^ :^, -iS^7>^=^ysa^(.
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Fig.64
a. D C study supine position, LPO. ; ;. -•"--:"••
b. PC compression study, erect position, LPO. Ulcer niche on the lesser curvature of

the pylorus. Endoscopic cdnfinnation. Biopsies: benign.
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Fig. 65
a. DC study, supine position, LPO.
b. DC study, supine position, partial LPO.

Demonstration of an ulcer niche. The con-
verging folds and the surroundings of the
ulcer are best visualized in the en-face view.

c. Repeat examination after 2 months under
the same conditions as in 65 a and b. The
u'cer crater has disappeared. Radiating fold
pattern, typical ulcer scar.
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fig. 66
a. DC study, supine position. Large ulcer niche in the angulus.
b. DC study, supine position, after 3£ weeks' treatment. The ulcer niche has diminished in size.
c. DC study, supine position, after an additional treatment of 2 months. The ulcer niche has completely disappeared. Converging folds

and irregular areae gastricae relief indicate scarring. Endoscopy confirmed these findings. Several series of biopsies demonstrated
benignancy.
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Fig. 67
a. DC study, supine position, LPO; table 40" anti-

Trendelenburg.
b. DC study, supine position, RPO; table about 30°

anti-Trendelenburg. There is an ulcer niche rather
high on the lesser curvature.

c. Repeat examination under identical conditions one
year later. Only a tiny niche is left. Radiologically it
is impossible to distinguish between an excavated
ulcer scar and a tiny active ulcer. Endoscopy has
not been performed (cf. fig. 25).
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Fig. 68
a. PC mucosal relief study, prone position.
b. DC study, supine position.
c. PC compression study, erect position. Although the DC study

demonstrates a definite lesion, the typical Kirklin complex is
only visualized in the PC studies. Although such a complex is
considered to be highly suspicious of malignancy, a series of
biopsies showed benignancy. After 1 month's treatment the
ulcer niche has completely disappeared (cf. fig. 89).

%
-X



78 RADIOLOGIC ATLAS OF COMMON LESIONS

7.5. Benign tumors

Common benign tumors of the stomach belong to
two groups, viz. those of epithelial origin, i.e. gastric
polyps and those of muscular origin, i.e. leio-
myomas. Elevated lesions in the stomach forming
part of the picture of diffuse gastrointestinal pol-
yposis are not included in this chapter because such
entities are rare.

myomas are included, they probably represent the
commonest tumors of the stomach (178). Although
the mucosa on the tumor may be intact, central ulcer-
ation often occurs. Leiomyomas may project into
the lumen or onto the serosal aspect of the stomach.
Macroscopically the tumor does not differ from
leiomyosarcoma.

7 . 5 . 3 . RADIOLOGICAL FEATURES

}••''

7 .5 .1 . GASTRIC POLYPS

A gastric polyp may be defined as a lesion which
projects from the mucosal surface into the lumen of
the stomach (174). The most common varieties of
benign epithelial polyp encountered are the hyper-
plastic polyp and the adenoma (181).

Hyperplastic polyps: These lesions are composed
of hyperplastic but in other respects normal glan-
dular epithelium, and only rarely turn malignant (2,
160,181). They are often multiple, sessile or pedun-
culated and have a smooth surface. Their size varies
from a few mm. to 2 cm. in diameter. Although the
reported incidence is under 1 per cent (160, 181),
personal and other workers' experience with modern
radiological techniques indicate that they are far
commoner.

Adenoma'. This lesion is a true neoplasm. It is
composed of dysplastic glands and often turns ma-
lignant (2,181). It is usually single and may be sessile
or pedunculated. Generally an adenoma is larger
than a hyperplastic polyp and often has a tabulated
or papillary surface.

A stomach containing a polyp of either variety
often harbors a coexisting carcinoma. The high inci-
dence of carcinoma is probably connected with the
high incidence of atrophic gastritis in these cases,
particularly those with adenoma (181).

7 .5 .2 . LEIOMYOMA

Leiomyomas are benign tumors originating from the
muscular tissue in the gastric wall. If small leio-

No histological diagnosis can be made from the ra-
diological appearances of a jr^ypoid lesion, al-
though the naked-eye appearance often permits a
judgment on its epithelial or intramural origin and
if it is benign or malignant.

Epithelial lesions with a diameter greater than 1
cm., usually have a well-defined edge. By contrast,
the border of an intramural lesion has gently-sloping
edges, reflecting its submucosal origin. In small le-
sions, i.e. less than 1 cm. in diameter, this difference
is not obvious (129). A smooth, sharply-defined
polypoid lesion with a diameter of less than 2 cm.,
is usually benign (2,130,160,275). If the surface or
border of the lesion is irregular, malignancy must be
considered (181, 275). The same rule applies to a
smooth-surfaced polypoid lesion with a diameter of
more than 2 cm. (130,160).

According to Botticher et al. (15), all gastric pol-
yps should be removed endoscopically or oper-
atively and examined histologically. Yet the multi-
plicity of lesions and the increasing frequency with
which this type of lesions is found nowadays in aged
and often debilitated people, makes it necessary for
the radiologist to be familiar with the features men-
tioned above.

No radiological differential diagnosis between a
sessile polyp with central ulceration and a solitary
varioliform erosion is possible. Heterotopic pan-
creatic tissue is usually found on the greater curva-
ture of the gastric antrum or pyleric region. It is also
impossible to differentiate between multiple hyper-
plastic polyps with gently-sloping edges and healed
varioliform erosions without the typical central ex-
cavation.
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Fig. 69
a. DC study, supine position, LPO.
b. PC compression study, erect position.
c. DC study, supine position, horizontal beam projection. Multiple slightly irregularly marginated polypoid lesions. In fig. a. it is

possible to distinguish between lesions on the posterior wall (black arrows) and on the anterior wall (white arows). Cf. fig. 14.
Endoscopical confirmation. Biopsies: hyperplastic polyps.
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Fig. 70
a. DC study, supine position. Protrusion with gently sloping edges on the posterior wall.
b. PC compression study, erect position. This study reveals a second filling defect which

has to be a polypoid lesion with gently sloping edges on the anterior wall of the lesser
curvature. Gastroscopy: two polypoid lesions; one situated on the anterior wall and
one on the posterior wall (cf. fig. 17). Biopsies: hyperplastic polyps. Need of a biphasic-
contrast gastric examination.
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g
D C study, supine position. Multiple small polypoid lesions situated on the antenor
wall (black arrow) and the posterior wall (white arrow) of the corpus. Endoscopical
confirmation. Biopsies: no definite diagnosis.

F i g . 7 2 . : :-•'•: ,--_•- ;. , , , ; K :..^.\...,j_'-:- ::'- ^ - ••' " "
DC study, supine position. Multiple small polypoid lesions in a patient suffering
from pernicious anemia. Endoscopy: atrophy of the mucosa; multiple small polyps.
Biopsies: hyperplastic polyps.
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Fig. 73
a. DC study, supine position, RPO; table 40- anti-

Trendelenburg.
b. DC study, erect position, horizontal beam projec-

tion. Multiple tiny polypoid lesions on the wall of
the fundus. Endoscopy: atrophic gastritis; multiple
small polypoid lesions. Biopsies: atrophic mucosa;
hyperplastic polyps.

Fig. 74
DC study, supine position. RPO; table 40' anti-Tren-
delenburg. Multiple polypoid lesions in the fundus.
Endoscopy revealed atrophic gastritis and conflrmed
the multiple polyps. Biopsies: hyperplastic polyps.
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Fig.75 ' • - " • " - - = • ••.--; • - . > - ' . . . - • - ' • • ' • _

DC study, supine position. Inegular polypoid lesion on the pos-
terior wall in the region of the anguius and probably an atrophic
gastritis. Endoscopy: atrophy of the mucosa in the corpus; pro-
trusion in the region of the anguius, which may fit EGC. There
were no signs o f malignancy in the biopsy specimens.

; Fig. 76
DC study, supine position. Large tabulated filling defect on the
posterior wall; atrophic mucosa. Endoscopical confirmation.
Histological report: gastric adenoma.

Fig.77
Same patient as shown in fig. 74.
a. DC study, supine position.
b. DC study, supine position, partial RPO. Lobulated filling de-

fect on the lesser curvature; smooth filling defect on the greater

curvature. Endoscopical confirmation. Histological examina-
tion (Pathology Department, Hospital of the University of
Amsterdam) of the polypoid lesion on the lesser curvature:
gastric adenoma.
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Fig.78
a & b.DC studies, supine position. Filling defect with gently sloping edges with a diameter of more than one

cm. on the lesser curvature of the antrum, either a submucosal lesion or an indentation. Endoscopy
revealed a shallow central ulceration which is strongly in favour of the diagnosis leiomyoma or
ieiomyosarcoma. No operation.
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Fig.79 , , . , . , . -
a. DC study, supine position, RFO.
b. PC study, erect position, LPO. Filling defect with gently sloping edges with a diameter of more

than 1 cm., probably a submucosal lesion. Histological examination of the resected specimen
proved a leiomyoma.
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Fig. 80
a. DC study, supine position, RPO; table 40° anti-Trendelenburg.
b. D C study, supine position; nearly right lateral; table 40° anti-Trandelenburg. The large black

arrows point to an indentation caused by an aneurysm of the splenic artery. The small arrows
point to polypoid lesions with abruptly marginated edges. The large white arrow points to a
polypoid lesion with a gently sloping margin on the lateral side and an abrupt margin on the
medial side. Autopsy revealed that the small lesions were hyperplastic polyps and the large
protrusion was a leiomyoma.
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7.6. Carcinomas (including Early Gastric
Cancer)

The prognosis of a patient with a gastric carcinoma
which is nearly always an adenocarcinoma (177) - is
usually poor at the time of the diagnosis and the 5-
year survival rate is about 10 per cent (30).

At the Annual Meeting of the Japan Gastroen-
terological Endoscopic Society in 1962 and of the
Japan Research Society for Gastric Cancer in 1963.
the Early Gastric Carcinoma (EGC) was defined as a
carcinoma of the stomach whose invasion is limited
to the mucosa and the submucosa. Neither the size of
the carcinoma nor the presence of metastases in-
fluences this definition, Only the depth of tissue in-
filtration matters.

EGC has a favorable prognosis. Takasugi et al.
(253) analysed 732 cases of EGC with a single lesion
operated on at the National Cancer Hospital in To-
kyo, and found that the 5-year survival rate was 97.7
per cent and the 10-year survival 96.4 per cent.

In 1962 the Japan Gastroenterological Endoscopy
Society proposed a classification of EGC which has
been adopted all over the world (fig. 81). This classi-
fication, proposing protruded, flat and excavated

I PROTRUDED TVPE

II SUPERFICIAL TVPE

A. ELEVATED

C. DEPRESSED

III EXCAVATED TYPE

, (TYPE l)

. (TVPE II*)

• (TVPE MB)

(TVPE 1IC)

' (TVPE III)

Fig. 81
Macroscopic classification of Early Gastric Cancer.

lesions, can also be applied to carcinomas penetrat-
ing deeper than the submucosa (advanced car-
cinoma). The diffusely infiltrative type of carcinoma
(linitis plastica) does not fit comfortably into this
classification. In this type of carcinoma there is ex-
tensive infiltration of the tumor along the gastric
wall causing it to thicken and stiffen. The mucosal
surface of the stomach may be slightly nodular and
necrotic in some areas and macroscopically intact in

others (176). There is infiltration of the muscularis
propria layer.

The author believes that the important role of the
radiologist in diagnosing gastric carcinoma is to de-
tect potentially malignant lesions. Each gastric ulcer
must be regarded as such, even in the absence of any
of the numerous more or less reliable signs of malig-
nancy. Furthermore, any irregularity or destruction
of the normal mucosal relief and any polypoid lesion
- especially those with a diameter larger than 2 cm.
or exhibiting surface irregularity - has to be viewed
as a potentially malignant lesion. The same rule
holds true if a part of the stomach fails to distend
under the forces of gravity or palpation, or if stiff-
ness of the gastric wall is noted during fluoroscopic
study of peristaltic movements. The converse should
also be stated, namely that normal distension, pli-
ability and peristalsis in the presence of an otherwise
suspicious lesion do not exclude malignancy (fig.
83). Unless there is an absolute contraindication, all
patients showing such lesions, should be submitted
to endoscopy.

In order to achieve the highest diagnostic ac-
curacy, several - actually, more than 10 - endoscopic-
ally directed biopsy specimens should be taken after
painstaking endoscopic inspection of the gastric mu-
cosa (33). When all biopsy specimens are negative in
spite of radiological and/or endoscopic doubts, a
second gastroscopy must be performed in order to
make even more biopsies. In cases of radiological
and/or endoscopic evidence of linitis plastica, it
should be borne in mind that biopsy is less reliable
than in other types of malignancy, because the neo-
plastic infiltration may be submucosal and the mu-
cosa may remain intact (fig. 92).

This diagnostic approach in most cases permits a
preoperative diagnosis of adenocarcinoma. It is only
the pathologist who, when determining the depth of
carcinomatous infiltration in the resected specimen,
is competent to classify a carcinoma as EGC.

Although an extensive description of symptoms is
beyond the scope of this chapter, the radiologist
should be aware that the symptom pattern of EGC is
vague and quite different from the classical symp-
toms of gastric carcinoma. Some patients do not
complain at all. Often longstanding and atypical
abdominal symptoms are reported. Hematemesis
and melena are infrequent (21, 33, 38, 166). Per-
sistent and vague abdominal complaints in a patient
over 30 years of age are an indication for radiological
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examination. Since carcinomas may arise at any site
in the stomach (175), and since EGC is not in-
frequently located and diagnosed on the anterior
wall (63,239), the examination has to include views
of the anterior gastric wall. The standard biphasic-
contrast examination fits this purpose well. Then, if

even the slightest radiological suspicion is raised or if
the patient's symptoms persist in spite of negative
radiological findings, gastroscopic examination
should follow.

(For further information the reader is referred to
the following texts: 98,183 and 237).

Fig. S3
a &b. DC studies, supine position. A shallow

excavation is visible in ihe region of the
angulus on the posterior wall. The folds
end far from the center of the lesion. All
15 biopsies taken at gastroscopy showed
no other changes than intestinal meta-
plasia. Three out of 20 biopsy specimens
taken at repeat examination showed adcno-
carcinoma.
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examination. Since carcinomas may arise at any site
in the stomach (175), and since EGC is not in-
frequently located and diagnosed on the anterior
wall (63,239), the examination has to include views
of the anterior gastric wall. The standard biphasic-

even the slightest radiological suspicion is raised or if
the patient's symptoms persist in spite of negative
radiological findings, gastroscopic examination
should follow.

(For further information the reader is referred to
contrast examination fits this purpose well. Then, 'f the following texts: 98,183 and 237).

Fig. 83
a &b. DC studies, supine position. A shallow

excavation is visible in the region of the
angulus on the posterior wall. The folds
end far from the center of the lesion. All
IS biopsies taken at gastroscopy showed
no other changes than intestinal meta-
plasia. Three out of 20 biopsy specimens
taken at repeat examination showed adeno-
carcinoma.



STOMACH 89

c. DC study made 6 months later. Although
the patient had been operated upon, the
stomach had not been resected due to un-
expected additional difficulties. At both
radiological examinations, peristalsis
proved to be uninterrupted in the area
of the lesion.

d. Resected specimen. Histological exam-
ination proved the adenocarcinoma to be
restricted to the mucosa (EGC, type t[C).
(Reproduced by permission of Radiologia
Clinica.) ..ill J..-. .
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Fig. 82
DC study, supine position. Atrophic mucosal
contours of the stomach are visible. There is
an irregular polypoid tumor on the posterior
wall of the gastric corpus. In the area of the
angulus there is a slightly irregular, garland-
like elevation (arrows). Biopsy made during
endoscopy showed adenocarcinoma. Opera-
tion: when the patient was operated, the antral
tumor could only be identified with great dif-
ficulty. It was shown in the resected specimen
that both carcinomas were confined to the
submucosa. The lesion in the corpus was of
type I; the lesion in the angulus of type HA.
(Reproduced by permission of Radiologia Cli-
nica.)

Fig. 84
DC study, supine position, LPO. There is an
ulcer niche on the posterior wall of the antrum.
The folds end fairly far from the center of this
ulcer and they are deformed. Two out of 12
biopsies revealed adenocarcinoma. In the re-
sected specimen the carcinoma was shown to
involve the muscularis mucosae (EGC, type
III). (Reproduced by permission of Ra-
diologia Clinica.)
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Fig. 85
DC study supine position, LPO. An elevated
lesion in the angulus with two ulcer niches
(arrows). The appearances are most sugges-
tive of malignancy. Histoiogical report on the
15 biopsies: carcinoma in situ, infiltrative
growth cannot be excluded. The resected spec-
imen proved an adenocarcinoma retricted to
the mucosa (EGC of a mixed type).

Fig. 86
DC study, supine position. Irregular mucosa
is present in the vicinity of the angulus. The
radiological appearances suggested that a
diagnosis of scarring after a benign gastric ul-
cer might not be correct, and malignancy
could not be excluded. Gastroscopy showed
an inflammatory reaction of the mucosa with
small erosions in the region of the angulus.
There were no signs of malignancy in the
biopsy specimens.
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Fig. 87
DC study, supine position, LPO. Several ir-
regular elevated lesions are present in the
region of the angulus. The radiologist's report
raised the possibility of EGC. Gastroscopy
showed only a slightly irregular benign-
looking angulus. Biopsies revealed a non-
specific inflammation with epithelial atypia.

Fig. 88
a. DC study, supine position.
b. PC study, prone position. There is a mass present on the greater

curvature of the prepyloric region, with central ulceration. The
patient died a few weeks later. Autopsy demonstrated a small
adenocarcinoma of the stomach penetrating the portal vein,
and seeding multiple metastases in the liver.
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Fig. 89
a. PC study, prone position.
b. DC study, supine position, LPO.
c. PC compression study, erect position. LPO. Typical Kirklin

complex consisting of Carman's meniscus sign (arrows),
trapped barium collection being convex towards the lumen of
the stomach, and an elevated ridge (186, 188). All the barium
Jies within the line of the normal gastric wall. This complex is
most suspicious of a disc-shaped carcinoma with central ulcer-
ation. Biopsies: adenocarcinoma. Resected specimen: infiltra-
tion of the muscularis propria by malignant cells.
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Fig. 90
DC study, supine position, LPO. There is a stricture of the prepyloric region which has
appearances suggesting linitis plastica. Biopsy: adenocarcinoma. Resected specimen: adeno-
carcinoma with infiltration of all layers of the gastric wall and the surrounding fatty tissue,
linitis plastica.

Fig. 91
DC study, supine position, LPO. There is an abruptly marginated stricture extending from
the angulus to within several centimeters of the pylorus. The prepyloric region distends well.
Biopsy: adenocarcinoma. Resected specimen: adenocarcinoma with infiltration of all layers
of the gastric wall and the surrounding fatty tissue.
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Fig. 92
DC study, supine position, LPO.
There is narrowing of the antrum.
appearances most suspicious of
a linitis plastica. No peristaltic
waves passed through the antrum.
Gastroscopy: erosive gastritis in
the region of the angulus; narrow-
ing of the antrum, no peristalsis;
appearances suspicious of a linitis
plastica. Biopsies: chronic inflam-
mation. At a second gastroscopy 2
large particle biopsies were taken,
which again revealed chronic in-
flammation and no signs of malig-
nancy. Resected specimen: linitis
plastica with infiltration of the sur-
rounding fatty tissue.

Fig. 9i
DC study, supine position, LPO.
There is a polypoid malignant tu-
mor on the lesser curvature of the
lower part of the corpus and the
antrum. Gastroscopy: polypoid
malignant tumor; atrophic gastric
mucosa. Laparoscopy: histologi-
cally-confirmed metastases in the
omentum. No operation.
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Fig. 94
DC study, supine position. LPO:
table 40 anti-Trendelenburg.
There is a large irregular filling de-
fect in the fundus which extends
into the lower esophagus. Gastro-
scopy: malignancy of the cardia
fundus and upper part of the cor-
pus. Gastrobiopsy: adenocarcino-
ma. The tumor was considered un-
resectable. A biopsy taken from
the liver at laparoscopy revealed
a metastasis in the liver.

Fig. 95
DC study, supine position, LPO:
table 40" anti-Trendelenburg.
There is a large, flat irregularly-
marginated ulcer niche in the up-
per corpus, with appearances sus-
picious of malignancy. Two series
of biopsies failed to confirm malig-
nancy. Biopsies taken at operation
proved adenocarcinoma. The tu-
mor was considered unrcsectable.
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Fig. 96
DC study, supine position. There is an extensive and irregular malignant lesion extending from the lower esophagus to the lesser
curvature of the antrum. Gastrobiopsy: adenocarcinoma. The tumor was considered unresectable.
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Fig. 97
DC study, supine position. There is an extensive malignant process extending from the fundus to the prepyloric region. A typical Kirklin
complex is present in the region of the angulus (arrows); note the nodular elevated edge of the niche. Gastrobiopsy: adenocarcinnma.
Resected specimen: infiltration of the muscularis propria by tumor cells.
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7.7. Malignant tumors other than
carcinomas

The most frequently encountered malignant neo-
plasm of the stomach after carcinoma is malignant
lymphoma. An incidence of between 0.4 and 9 per
cent of all neoplasms is reported (112, 172, 185).
Hodgkin's disease itself is rare - 4-21 per cent of
malignant lymphomas (180, 185). Other sarcomas
are less frequently found, the most common one
being leiomyosarcoma. The remaining non-carcino-
matous tumors are clinical curiosities (112).

7 . 7 . 1 . MALIGNANT LYMPHOMA

Malignant lymphoma develops in the gastric mu-
cosa, from which the tumor cells infiltrate into the
submucosa and muscular layers (179). This mode of
spread is similar to that of carcinoma. Malignant
gastric lymphoma may be either limited to the stom-
ach or part of a disseminated disease.

Several authors (163, 184) have studied and de-
scribed the radiological pattern in lymphomas. The
majority of patients have large abnormal folds, often
involving a long segment of the stomach. Diffuse
infiltration produces a pattern of concentric patho-

logical folds without significantly narrowing the
lumen. None of these naked-eye features of lym-
phoma is pathognomonic, Lymphoma and car-
cinoma may be confused at operation (112) or upon
inspection of the gross specimen (179). Malignant
lymphoma located within the gastric antrum tends
to involve the duodenal bulb by transpyloric sub-
mucosal extension (164). Since this also occurs in
carcinoma, this mode of extension is not diagnostic
of malignant lymphoma (139) (figs. 101,102). As in
gastric carcinoma, the radiologist's task is to de-
termine whether the lesion he identifies may be
malignant. Only gastroscopy permits a preoperative
histological diagnosis.

7 .7 .2 . LEIOMYOSARCOMA

Leiomyosarcoma resembles leiomyoma macro-
scopically, and no radiological differential diagnosis
is possible. The overlying mucosa is often ulcerated.
As in leiomyoma, the submucosal origin of
leiomyosarcoma can easily be recognized in tumors
with a diameter of more than 1 cm. (see chapter 7,
section 5). Biopsy is often false-negative, due to the
extraepithelial origin of the tumor.
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Fig. 98
DC study, supine position, LPO. Coarse folds
with irregular margins in the antrum. The en-
doscopist considered "hypcrtrophic gas-
tritis." Biopsies were compatible with malig-
nant lymphoma; those of the rectal mucosa
were diagnostic of malignant lymphoma.

Fig. 99
DC study, supine position. Irregular mucosa
with very coarse areae gastricae in the vicinity
of the lesser curvature of the corpus. Two
years before a wedge resection for an ulcer of
the lesser curvature was performed. This was a
benign ulcer as proved by the hislological
examination of the resected specimen. The ap-
pearance of the lesser curvature, however, is
most suspicious of a malignant lesion. Biop-
sies proved a malignant non-Hodgkin lym-
phoma.
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Fig. 100
a. Mucosal relief study, prone position.
6. DC study, supine position, LPO. This patient was previously

irradiated for Hodgkin's disease. Large ulcer niche in the re-
gion of the angulus. The base of the crater lies in the line of the
normal gastric wall. Kirklin complex. Appearance most sus-
picious of a malignant lesion. The biopsies proved malignant
lymphotna; further histological differentiation was impossible.

c. Repeat examination under identical conditions after a 4 months'
treatment with cytostatics showing some improvement.
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Fig. 101
PC study, prone position. Large lesion suggestive of a malignant tumor of the antrum with involvement of the
duodenal bulb (arrows).

Fig. 102
DC study, supine position, LPO. Stricture of the prepyloric region suggesting a malignant lesion; probably
involvement of the base of the duodenal bulb (arrows). Gastroscopy: malignant stenosis. Biopsies: adenocarcinoma.
At operation the tumor was considered to be unresectable.
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7.8. Metastatic tumors

103

Metastatic deposits in the stomach are rare. The
primary tumors most likely to seed to the stomach
are malignant melanoma, bronchogenic carcinoma
and cancer of the breast (27,81,263). The diagnosis
can also be made if multiple mass lesions with or
without central dimpling (which may occur with or
without ulceration) occur in the presence ofa known
primary tumor.

Fig. 103
a. DC study, supine position.
b. DC study, supine position, RPO. Protrusion with a diameter of

more than I cm. with gently sloping edges on the greater curva-
ture of the higher corpus. Central ulceration. Appearances
suggest a tumor of submucosal origin, either a leiomyoma or a
leiomyosarcoma. Histologkal examination of the resected spec-
imen revealed a leiomyosarcoma.

Fig. 104
DC study, prone position. Filling defect in the fundus ofa patient
with multiple metasteses of a malignant melanoma in the gas-
trointestinal tract. This mass lesion is also supposed to be a metas-
tasis. (Courtesy of Department of Radiology. Leiden University
Hospital, Leiden, The Netherlands.)
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7.9. Indentations

An indentation of a hollow viscus which is caused by
an extrinsic mass not fixed to that viscus, is incon-
stant under the forces of gravity, respiration or pal-
pation. This fact is the basis of the differential diag-
nosis between an intramural mass and an indenta-
tion caused by extrinsic mass (128) (figs. 105, 106).
An extrinsic mass fixed to the wall of a hollow viscus
causes an indentation that is fairly constant. Such an
indentation cannot be differentiated in a simple way
from the configuration caused by an intramural
mass (47). Diagnostic pneumoperitoneum (fig. 107)
may assist.

Hypotonic DC gastrography greatly enhances the
visualization of juxtagastric masses, compared to
conventional radiography of the stomach. (The in-
creased diagnostic yield may be compared to that of
hypotonic DC duodenography versus conventional
examination of the duodenum). Apart from the
classical indentations, the hypotonic DC technique
frequently reveals a normal dorsal indentation of the
posterior wall in the region of the angulus (figs. 115,
116), produced by the duodenojejunal flexure. The
gall-bladder may indent the lateral dorsal aspect of
the antrum - the so-called "antral pad sign" (244). If
this indentation is demonstrated, oral cholecysto-
graphy is indicated to confirm that the gall-bladder is
the cause. If the indentation is not produced by the
gall-bladder, retroperitoneal masses have to be con-
sidered. They mostly arise from the head or body of
the pancreas. Occasionally an antral pad sign is
caused by a mass in the liver.

Fig. JOS
a itb.DC studies, supine position. Filling defect in the region of

the angulas. The filling defect changes during the respiration
which indicates that we are dealing with an impression. In the
region of the angulus a fold that can be located on the posterior
wall which is seen to proceed in the region of the filling defect
(arrows). This indicates that the indentation must be localised
on the anterior wall (cf. Fig. 19).

c. PC study, lateral view, which confirms that the indentation is
an anterior one. Operation: fibroma of the sheath of the rectus
abdominis muscle.
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Fig. 106
a &b. DC studies, supine position.
c. PC study, erect position. Filling defect on the lesser curvature

aspect just above the angulus. The filling defect is inconstant
during changes of the forces of gravity. This is very characteris-
tic of an indentation. At operation metastases of an adenocar-
cinoma of unknown origin were found in the liver.
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Fig. 107
a. DC study, supine position.
b. PC compression study, erect position. Fill-

ing defect on the greater curvature of the
antrum that is constantly present. The form
of the mass changes under the forces of grav-
ity. It is impossible to differentiate be-
tween an intramural mass and an indenta-
tion caused by an extrinsic mass fixed to the
gastric wall. The endoscopist observed un-
interrupted peristaltic waves and consid-
ered an extrinsic mass.

c. Diagnostic pneumoperitoneum delineated
an extragastric mass. Because no gas was
seen between the mass (white arrows) and
the gastric wall (black arrows), the mass was
considered to be fixed to the wall. At opera-
tion an extragastric tumor connected to a
stalk to the greater curvature was found.
Histological examination revealed a leio-
myoma.
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Fig. 108
a. DC study, supine position, RPO, table

about 30" anti-Trendelenburg. Ridge-like
impression on the posterior wall of the
fundus. The orally convex calcification (ar-
rows) strongly suggests an impression
caused by the splenic artery.

b. DC study, lateral view, confirming that the
indentation is caused by the splenic artery.
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fig. 109
a. DC study, supine position, table slightly

anti-Trendelenburg. Filling detect on the
greater curvature side of the higher corpus.
The aspect or this filling defect was incon-
stant (luring the changing forces of gravity
as observed fluoroscopically. This indicates
that we are dealing with an impression.

b. Nearly erect position, RPO. This film dem-
onstrates that the impression is caused by
an aneurysm of the abdominal aorta.
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Fig. no
a. DC study, supine position. The folds of

the posterior wall near the gastric
angulus are effaced (arrows). The pic-
ture is most suggestive of an impression.

b. Erect position, lateral view. The inden-
tation is clearly demonstrated and is in
all probability caused by a mass in the
corpus of the pancreas. A further exam-
ination including pancreatic echo-
graphy and a clinical follow-up, were
highly in favour of the diagnosis
chronic pancreatitis.
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Fig. Ill
DC study, nearly lateral view; table about 50° anti-
Trendelenburg. I.npression on the dorsal aspect of the
fundus. Isotope studies and echography demon-
strated a splenic cyst.

Fig. 112
DC study, patient nearly erect, RPO. Indentation of the dorsal aspect of
the fundus and the corpus caused by a splenic cyst with a calcified wall.
Histological examination after operation confirmed the diagnosis benign
splenic cyst.
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Fig. 113
a. DC study, supine position. The folds on the posterior aspect of

the corpus are effaced.
6. A different view of the posterior wall of the corpus. There is less

gaseous distension. This changing appearance favors the diag-
nosis: indentation of the posterior wall.

c. Supine position, horizontal beam projection. This film clearly
demonstrates the indentation. At operation a carcinoma in the
pancreatic corpus was found.
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Fig. 114
a. Erect position, frontal view. b. Erect position, lateral view.
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c. DC study, supine position, nearly lateral
view.

d. Prone position, lateral view, horizontal
beam projection. Indentations of the pos-
terior and anterior wall of the stomach.
Further examinations, including an IVP,
isotope studies and an arteriography, dem-
onstrated multiple cysts in the liver and kid-
neys.



114 RADIOLOGIC ATLAS OF COMMON LESIONS

Fig. /IS
a. b&c. DC studies, supine position, under changing conditions, including different gaseous distensions. Filling defect on the posterior

wall with a changing aspect, which is characteristic of an indentation.
d. Filling of the small bowel demonstrates that the indentation is caused by the duodenojejunal flexure.
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Fig. 116
a & b. DC studies, supine position, of 2 pa-

tients showing 2 more examples of normal
posterior wall indentations caused by the
duodenojejunal flexure.
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Fig. 117
DC study, supine position, LPO. Antral pad sign caused by a
mass lesion in the head of the pancreas which was confirmed at
operation.

Fig. 118
DC study, supine position, LPO. Antral pad sign caused by ;
normal gall bladder.

Fig. 119
DC study, supine position, LPO. Antral pad sign. The distended
gall bladder is only faintly visualized (arrows).
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Fig. 120
a. DC study, supine position, LPO.
b. PC study, erect position, LPO. Antral pad

sign. At operation a metastasis in the liver
was found as the cause of this indentation.

Fig. 121
Patient semi-erect, lateral view. An indenta-
tion of the dorsal wall of the gastric corpus and
an indentation of the dorsal wall of the de-
scending duodenum (arrows). This combi-
nation of a right and a left dorsal abdominal
mass is highly suspicious of bilateral renal
masses. Autopsy: polycystic renal disease.

- " • • rftii-TM ~*
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7.10. Hiatal hernia and reflux

A hiatal hernia of the stomach is present when a
portion of the stomach is herniated through the eso-
phageal hiatus of the diaphragm. If the gastro-
esophageal junction herniates into the thorax, the
lesion is referred to as a sliding hernia. If the gastro-
esophageal junction lies beiow the hiatus and another
part of the stomach herniates into the chest, the
condition is generally referred to as paraesophageal
hernia. Combined types of sliding and paraeso-
phageal hernia are encountered. A sliding hernia
may be accompanied by gastroesophageal reflux,
but this is unusual with paraesophageal hernia (242).
Usually the gastroesophageal reflux, and not the
hiatal hernia, is the cause f the patient's symptoms

(46). If a large part of the stomach is situated in the
thorax, the radiological diagnosis of a hernia is easy,
but if the hernia is small the diagnosis may be dif-
ficult to make.

Despite the extensive literature on this subject
describing radiological signs of the various types of
hernia, the author believes that they are not often of
great help. However, if a supradiaphragmatic pouch
is demonstrated and this pouch is shown to contract
concentrically, then it can be stated that this struc-
ture is part of the esophagus because the esophagus
has longitudinal and circular musculature. The gas-
tric fundus has an oblique musculature and is there-
for incapable of concentric contraction (45). Some-

F,g. 122
a. DC study, supine position, LPO; table 40° anti-Trendelenburg.

A portion of the stomach is herniated through theesophageal
hiatus of the diaphragm, the gastroesophageal junction lies in
the thorax: sliding hiatal hernia.

b. DC study, supine position, showing gastro-esophageal reflux.
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times the number of folds in a supradiaphrag-
matic pouch - usually 4 or more - and their tor-
tuosity can be used as proof of a hernia.

If the intra-abdominal pressure is raised by apply-
ing compression to the patient's abdominal wall, a
small hernia or gastroesophageal reflux may be pro-
duced. During the act of vomiting, a rise in the intra-
abdominal pressure is caused by descent and sudden
spasm of the diaphragm with simultaneous contrac-
tion of muscles of the abdominal wall (219). The
author has observed on several occasions, how a

huge sliding hernia forms, at the moment that a
patient starts to vomit during an examination (figs.
123,124). While the Valsalva and Miiller procedures
may also be helpful, it may be argued that both
provoke situations that exceed physiological con-
ditions. The same holds true for the so-called water-
siphonage test which is used by some radiologists to
initiate gastroesophageal reflux (44).

It is uncertain if premedication with glucagon 0.5
mg influences the incidence of radiologically-de-
monstrable herniation or reflux.

Fig. 123

Figs. 123 & 124
DC studies of two patients who started to vomit during an examination. A huge sliding hernia is formed.
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7.11. Gastric retention

It is generally believed that gastric retention renders
the radiological examination valueless. However,
personal experience has shown that a correct diag-
nosis can be made even if large quantaties of material
are retained in the stomach. Gastric retention is
nearly always caused by a lesion situated in the distal
part of the stomach, the pylorus or the duodenal
bulb. Pyloric or proximal duodenal lesions are only
very rarely malignant. Concerning lesions of the gas-
tric antrum, a DC examination will in many in-

stances indicate whether the lesion is benign or ma-
lignant. In the presence of gastric retention, the pa-
tient requires additional amounts of contrast me-
dium (barium suspension as well as gas). By rotating
the patient frequently or, if this is impossible, after
lying for a few minutes in the right lateral position,
DC films of the antrum, pyloric region and duodenal
bulb are obtained. For these the patient lies in the
LPO position (figs. 125, 126).

Fig. 125
a. PC study, erect position, RPO. An anteriorly-situated juxtapyloric ulcer niche is shown (arrows).
b. DC study, supine position, LPO. The juxtapyloric niche is shown as a ring shadow because of its situation on the anterior wall.

Although this patient had considerable gastric retention, the distal part of the stomach could be well visualized using the technique
described above. A juxtapyloric or pyloric niche nearly always proves to be benign, as in this case, which was proved by biopsy and
follow-up studies.
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Fig. 126
a. PC compression study, erect position, LPO. This study visualizes only the retained food.
b. DC study, supine position, LPO. Good visualization of the antrum has been obtained. The deformity

is virtually diagnoslic of a malignant lesion. Gastroscopy: suspicious of a malignant lesion. Biopsy:
highly suspicious of adenocarcinoma. In this patient there was also overwhelming clinical evidence in
the form of hepatic metastases for the diagnosis of antral adenocarcinoma. This diagnosis could be
made at the initial radiological examination, despite the retention of food in the stomach, by utilizing
the described technique.
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7.12. Miscellaneous

7 . 1 2 . 1 . DIVERTICULUM

The most common site of gastric diverticula is the
cardia; less frequently they are found in the pyloric
region. Pyloric diverticula sometimes contain foci of
heterotopic pancreatic tissue in their walls (227).
Only very rarely are diverticula situated on the
curvatures of the stomach (47).

As a diverticulum is an outpouching of the gastric
wall while an ulcer is a defect of the wall, the diag-
nosis of diverticulum can be readily made if gastric
folds are seen to continue in the pouch (fig. 127). For
the so-called "partial diverticulum," the reader is
referred to chapter 7, section 12.3.

7.12.2. CORROSION

A corrosive gastritis caused by swallowing an acid or
lye can result in antral stricture. If a history of cor-
rosive ingestion is lacking, it may be difficult to dif-
ferentiate from other lesions of the antrum, e.g. car-
cinoma (83).

7 . 1 2 . 3 . HETEROTOPIC PANCREATIC TISSUE

Heterotopic pancreatic tissue in the stomach pre-
sents itself mostly as a smooth mass on the greater
curvature of the antrum or the prepyloric region
(136). Often there is central umbilication. The pan-
creatic tissue is usually situated in the submucosa
(173). The term "partial diverticulum" is sometimes
used if the mucosa projects into the muscular coat of
the stomach, resulting in a collar-stud accumulation
of barium parallel to the longitudinal axis of the
antrum. A small nest of pancreatic tissue often oc-
curs in the wall (228,259).

The site of the mass on the greater curvature, as
well as its smooth surface, may enable the radiologist
to make the correct diagnosis. In differentiating
these lesions from other conditions with central um-
bilication such as leiomyoma, leiomyosarooma, pol-
yp or varioliform erosion, it should be remembered
that the umbilication present in the latter group of
conditions represents ulceration. Retrograde filling
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of pancreatic ducts during endoscopy may be helpful
in diagnosis.

7 . 1 2 . 4 . PYLORIC HYPERTROPHY OF THE ADULT

Pyloric hypertrophy of the adult occurs with or with-
out gastric ulceration: it is not clear if the ulcer is the
primary event, or secondary to the pyloric hyper-
trophy (12,28,226). If an ulcer is present, it is often
situated on the angulus. Variations in shape and
caliber occur, which can be used to differentiate the
lesion from antral carcinoma (9,28,226).

7.12.5. BEZOAR

A bezoar is an intragastric mass composed of accu-
mulated ingested material. Differentiation from gas-
tric tumors is usually easy, because bezoars are freely
movable under the forces of palpation and gravity.

7 .12 .6 . ANTRAL DIAPHRAGM

An antral mucosal diaphragm is a circumferential
membrane of mucosa and submucosa. If present in
the prepyloric region, it produces a confusing picture
of the so-called "double duodenal cap" (fig. 136).
The lesion is often asymptomatic but it can cause a
gastric outlet syndrome (26, 78, 218). Hypotonic
gastrography permits an easy radiological diagnosis.

7.12.7. CROHN'S DISEASE

Involvement of the stomach is rare in Crohn's dis-
ease. The early lesions are probably varioliform
erosions or nodules in the antrum (64, 149, 216).
As the disease progresses, the antrum becomes
deformed, and the appearance has been described as
a "ram's horn" configuration. Peristalsis over this
segment is sluggish and infrequent (67, 141). An
irregular network of thickened folds may be present
(232), as well as fissured ulcerations (67). Demon-
stration of Crohn's disease affecting other parts of
the bowel will point to the correct diagnosis (67,95,
104,155,256).
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Fig. 127
a&b. DC studies, supine position, LPO: table 30° anti-Trendelenburg. Outpouching of the gastric wall near thecardia. The gastric folds

are seen to continue in the pouch which proves a diverticulum and excludes an ulcer niche.

Fig. 128
a. PC study, erect position, LPO.
b. PC study, erect position, RPO. Filling defect on the dorsal side of the pylorus either caused by an ulcer niche or a diverticulum. The

endoscopist made the diagnosis prepyloric diverticulum because he observed an outpouching with an intact mucosa.
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Fig. 129
a. DC study, supine position, LPO.
b. PC study, erect position, LPO. Antral stricture in a patient with a history of

corrosive ingestion 3 weeks before.
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Fig. ISO
a. Smooth mass with central umbilication on the greater curvature of the prepyloric region. The appearance is highly suggestive of

heterotopic pancreatic tissue. The endoscopist observed a clear fluid flowing out of the central excavation.
b. Retrograde filling of a duct (arrows) during endoscopy which nearly confirms the diagnosis.

Fig. 131
a. DC s'._dy. supine position, LPO.
b. PC compression study, erect position, LPO. Smooth mass with central umbilication on the greater curvature of the prepyloric region.

The appearance is highly suggestive of heterotopic pancreatic tissue. Endoscopy: a polypoid lesion (intact mucosa) and a central
excavation.
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Fig. 132
a. DC study, supine position, LPO.
b. PC compression study, erect position, LPO.
c. PC study, p/one position. Prepyloric mass on the

greater curvaiure with the appearance of heterotopic
pancreatic '.issue.

Fig. 133
DC study, supine position, LPO. Collar-stud accumulation of btrium
parallel to the longitudinal axis of the antrum suggesting a paitial
diverticulum. Biopsies: no signs of malignancy. The lesion has been
followed nonoperatively without change for 4 years.
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a. DC study, supine position, LPO.
b. DC study, supine position. There is persistent elongation of the pyloric canal with

an ulcer niche in the angulus (arrows). Several series of biopsies and a follow-up
study proved benignancy. The findings were compatible with the diagnosis pyloric
hypertrophy of the adult.
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Fig. 135
a. DC study, supine position.
b. DC study, erect position, lntragastric mass which was freely

movable under the forces of palpation and gravity: a bezoar.
There is absence of rugae on the greater curvature. The en-
doscopist observed an atrophic mucosa. Biopsies: mucosal
atrophy.

Fig. 136
a. DC study, supine position.
b. DC study, supine position, LPO. Antral mucosal diaphragm

producing the confusing picture of the so-called "double duo-
denal cap." The black arrows point to the pseudo-pylorus; the
white arrow points to the real pylorus.
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Fig. 137
a. DC study, supine position, LPO.
b. PC study, erect position, LPO. Another case of an antral mu-

cosal diaphragm. The patient suffered from a gastric outlet
syndrome.

Fig. 138
a. DC study, supine position.
b. PC study, erect position. Shrinkage and nodularity of the

corpus: Crohn's disease of the stomach (conflrmed by Dr B.C.
Morson, The Pathology Department of St. Mark's Hospital,
London, England) (courtesy of Radiological Department of
Hosital "St. Annadal," Maastricht, The Netherlands).





Chapter 8

DUODENUM

1: 8.1. Normal and abnormal mucosal relief

[ 8 .1 .1 . NORMAL MUCOSAL RELIEF
{•;
\: The folds in the duodenal bulb are arranged in a
; longitudinal direction, although some irregularity
\ may be present. The normal fold is approximately 2

mm. wide (204). Distension of the duodenal bulb
effaces the folds. However, in the descending part of
the duodenum, the transversely oriented folds of
Kerkring remain visible even during complete dis-
tension.

The duodenal major papilla is a round or oval
filling defect on the (posterior) medial wall of the
descending part. The triad of promontory, straight
segment and longitudinal fold (49) facilitates identi-
fication of the papilla (fig. 141). It can be visualized
on both standard projections used in tubeless hy-
potonic duodenography, viz. supine LPO and prone.
The major papilla is on average 8-10 mm. in length:
1.5 cm. is usually accepted as the upper limit of
normal, although normal papillae of larger size have
been reported (50).

The duodenal minor papilla bears a cephalo-ven-
tral relation to the major papilla, the average dis-
tance between the two being 18-20 mm. Since the
major papilla is a posteromedial structure in the
descending duodenum, this means that the minor
papilla lies on its anterior wall. It is a flat protrusion,
several millimeters in diameter, .vith or without a

central excavation. DC hypotonic duodenography
in the prone position is the best method of visual-
izing it (196).

At the flexure between the bulb and the descend-
ing part of the duodenum, an appearance is fre-
quently present wnich simulates an elevated lesion
with central ulceration (figs. 143, 144). This con-
figuration is a normal variant and may be related to
several factors including distortion produced by
flexion, sphincter function and extrinsic compres-
sion (22).

8 .1 .2 . A3NORMAL MUCOSAL RELIEF

Fold thickening may occur in a variety of disorders
including peptic ulcer disease, duodenitis, Zollinger-
Ellison's syndrome, pancreatitis, renal failure,
Crohn's disease, adenocarcinoma, malignant lym-
phoma and parasitic infections (giardiasis,
strongyloides stercoralis). Vascular disorders such
as duodenal varices, mesenteric arterial collateral
vessels, and intramural hemorrhage may produce
confusing but similar pictures (29, SI).

"Atrophy" of folds is often caused by destruction
of the mucosal surface as a result of an inflammatory
process or an abnormal circulation (230).

Nodularity with thickened folds may occur in
malignant lymphoma and Crohn's disease (52,235).
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Fig. 139
a. DC hypotonic duodenograpby, supine position, LPO.
b. DC hypotonic duodenography, prone position. The trans-

versely oriented folds of Kerkring remain visible even during
complete distension. The arrow points to the duodenal major
papilla. In the region where the minor papilla could be expect-
ed, there is troublesome superimposition of barium contrast in
the gastric anlrum.
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c. Same examination, prone position. Careful
compression with a paddle between the pa-
tient and the table, eliminated the super-
imposition of the barium filled antrum and
the DC filled duodenal loop. Visualization
of both the major (large arrow) and the
minor (small arrow) papillae. (Reproduced
by permission of Fortschrittc Rontgen-
strahlcn.)

Fig. 140
DC hypotonic duodenography, prone posi-
tion. Visualization of the major papilla (large
arrow) and the minor papilla (small arrow).
(Reproduced by permission of Fortschritte
Rontgenstrahlen.) 4
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Fig. 141
DC hypotonic duodenography. prone posi-
tion. The large black arrow points to the major
papilla; the small black arrow points to the
minor papilla. Visualization of the promon-
tory (large white arrow) and the longitudinal
fold (small white arrows).

Fig. 142
a. DC hypotonic duodenography, prone position. The large ar-

row points to the probable localization of the major papilla.
The small white arrow points to the longitudinal fold. The
small black arrows point to the minor papilla.

b. Autopsy specimen of this patient. A probe has been introduced
into the major papilla. The small white arrow points to the
longitudinal fold; the small black arrows to the minor paoilla.
(Reproduced by permission of Fortschritte Rontgenstrahl.tn.)
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Fig. 143
DC study, supine position, LPO. Near the flexure between the
bulb and the descending part of the duodenum an appearance
which simulates an elevated lesion with central ulceration. This
configuration is a normal variant.

Fig. 144
PC compression study, erect position, LPO. Same type of variant
as shown in fig. 143. Endoscopy revealed an appearance that was
compatible with this picture. The duodenal mucosa was consid-
ered to be normal; biopsies: no abnormality.

Fig. 145 with nodularity in the duodenal bulb and in the descending
a. DC study, supine position, LPO. duodenum of a patient with malignant lymphoma of the gas-
b. DC hypotonic duodenography, prone position. Coarse folds trointestinal tract. See also figs. 37 and 98 of this patient.



136 RADIOLOGIC ATLAS OF COMMON LESIONS

Fig. 146
PC compression study, erect position, LPO.
Thickened folds in the duodenal bulb of a
patient with an active duodenal ulcer.

Fig. 147
a. DC hypotonic d>:odenography, supine position, LPO.
b. DC hypotonic duodenography, prone position. "Atrophy" of

folds. Tin's patient suffered from an enterocolitis. Endoscopy

revealed heavily inflammatory changes with a destruction of
the duodenal mucosa. Biopsies: non-specific inflammatory
reaction.
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8.2. Ulcers

Most duodenal ulcers occur in the duodenal bulb.
Healing of a bulbar ulcer can occur without defor-
mity; more often, however, scar formation results.
Ultimately this may lead to shrinking and extreme
deformity.

As in the diagnosis of a gastric ulcer, the radiologi-
cal diagnosis of a duodenal ulcer depends on the
demonstration of an ulcer niche. If the patient's phy-
sique permits adequate compression, PC studies in
the erect LPO position are highly effective for dem-
onstrating ulcer niches in the duodenal bulb. For
localizing ulcers either on the anterior or the pos-
terior wall, studies in the erect RPO position or DC
pictures made in the supine LPO position are re-
quired. When adequate compression is impossible,
the DC films made in this position may be adequate
to reveal even small niches in the posterior wall and
deep, abruptly marginated excavations on the ante-
rior wall (figs. 15,150,151). It is vitally important for
the radiologist to remember that a DC picture of the

duodenal bulb which is perfectly normal, may hide
an anterior-wall ulcer niche with gently sloping
edges (fig. 149). If there is extreme scarring and de-
formity of the bulb, it may be impossible either to
demonstrate or to exclude an active ulcer in the bulb.
In such patients, endoscopy is mandatory.

Post-bulbar ulcers are relatively rare. They occur
mostly on the proximal and medial aspect of the
descending part of the duodenum (59) and are often
associated with strictures (214). When scarring oc-
curs, a ring-stricture results (14), which cannot be
differentiated easily from the deformity, produced
by an annular pancreas. Personal experience has
shown that hypotonic duodenography greatly in-
creases the percentage of cases in which a post-bul-
bar ulcer can be identified and diagnosed correctly.

The differential diagnosis between an ulcer niche
in the descending part of the duodenum and a diver-
ticulum is easy, provided it is remembered that an
ulcer niche is a mucosal defect without folds passing
in it, while a diverticulum is an outpouching of the
duodenal wall with folds entering the lesion.

Fig. 148
a. PC compression study, erect position. Ulcer niche near the

apex of the duodenal bulb.

b. DC study, supine position, LPO. Since the collection of barium
remains visible in the supine position, the ulcer niche must be
localized in the posterior wall of the duodenal bulb.
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Fig. 149
a. PC compression study, erect position, LPO. Ulcer niche in the

centre of the bulb.
b. DC study, supine position, LPO. Manipulating barium suspen-

sion along the posterior wall, no niche in the posterior could be
demonstrated. As there is neither a ring shadow indicating an
abruptly marginated ulcer in the anterior wall, nor a collection
of barium on the posterior wall, it can be concluded that we are
dealing with an ulcer niche, which has gently sloping edges, that
lies in the anterior wall (cf. Tig. 17).

c. PC study, prone position. Due to inadequate compression the
ulcer niche is not visualized.
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Fig. 150
a. PC compression study, erect position, LPO.

The arrows point to an ulcer niche.
b. DC study, supine position, LPO. Ring

shadow in the deformed duodenal cap. No
barium suspension coutd be caught in the
ring shadow by altering the patient's posi-
tion or by tilting the table. This proves that
the lesion is an abruptly marginated ulcer in
the anterior wall (cf. fig. 15).
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a. PC compression study, erect position, RPO. Kissing ulcers; the
rather large ulcer lies in the anterior wall, the smaller one in the
posterior wall.

b. PC compression study, erect position, LPO, showing super-
imposition of the two ulcer niches.

c. DC study, supine position, LPO. In this position only the small
ulcer niche in the posterior wall is demonstrated.
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Bg. 152 Fig. 153
DC hypotonic duodenography, supine position, LPO. There is DC study, supine position, LPO. Ulcer niche at the flexure be-
scarring and deformity of the bulb. It was impossible to demon- tween the bulb and the descending part of the duodenum,
strate or to exclude a small active ulcer,

g.J54 Fig. 155

Figs. 154 & 155
2 cases of endoscopically confirmed post-bulbar ulcers on the proximal and medial aspect of the descending part of the duodenum.
In fig. 1SS there is a notch-like indentation on the lateral aspect of the descending duodenum.
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Fig. 156
a. DC hypotonic duodenography, supine position, LPO, of a

patient suffering from chronic pancreatitis.
b. DC hypotonic duodenography, prone position. Thickened

duodenal folds. The large arrow points to a post-bulbar ulcer
niche that was verified endoscopically. Retrograde filling of the
common bile duct (small arrows) which could be explained by a
previous choledocho-duodenostomy.
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8.3. Benign tumors

(Including tumor-like lesions such as hyperplasia of
Brunner's glands, benign lymphoid hyperplasia, het-
erotopic gastric epithelium, heterotopic pancreatic
tissue.)

Tumors of the duodenum are rare. The benign tu-
mors most frequently seen are adenomas (adeno-
matous polyps and villous adenomas), leiomyomas
and lipomas (68,249). Adenomatous polyps are usu-
ally small; they may be pedunculated or sessile (274).
Villous adenomas of the duodenum have a charac-
teristic cauliflower appearance; as in the colon, there
is a high incidence of malignant degeneration (113,
209). Leiomyomas usually have a typical intramural
configuration but intra- and extraluminal growth
may distort the picture (58,274). There is often cen-
tral ulceration.

From the radiological point of view, lesions such
ashyperplasia of Brunner's glands, benign lymphoid
hyperplasia and islets of heterotopic gastric epi-
thelium must be considered in this chapter. They
often present as multiple, shallow filling defects in
the duodenal bulb (80, 96). Heterotopic pancreatic
tissue of the duodenum usually occurs as a single
submucosal nodule; as in the stomach, the diagnosis
may be suggested if barium fills duct-like structures
(56). In most of these conditions, the radiological
appearances do not permit definite diagnosis. En-
doscopy and biopsy are frequently indicated.

Fig. 157
a. DC study, supine position, LPO. Multiple small polypoid le-

sions on the posterior wall of the duodenum. Superimposed on
the relief of the posterior wall a ring shadow caused by an
abruptly marginated polypoid lesion that must be localized on
the anterior wall.

b. PC compression study, LPO.
c. PC compression study, RPO, confirming that the large pol-

ypoid lesion is localized on the anterior wall. Biopsies from the
large polyp: no definite diagnosis, no malignancy.
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Fig. 159
PC compression study, erect position. LPO. Endoscopic con-
firmation. Biopsies: lipoma.

Fig. 1S8
DC hypotonic duodenography, prone position. Large filling de-
fect with a cauliflower appearance on the medial aspect of the
descending part of the duodenum. Endoscopy revealed a pol-
ypoid tumor with a cauliflower appearance. Histological exam-
ination of the resected specimen: villous adenoma.

Fig. 160 - »
a. PC compression study, erect position, LPO.
b. DC study, supine position, LPO. Several filling defects in the

duodenal bulb. Biopsies showed hyperplasia of Brunner's
glands.
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Fig. 161
DC hypotonic duodenography, LPO. Multiple tiny nodules in the duodenal bulb and the proximal part of
the descending duodenum. Endoscopic confirmation. Biopsies revealed benign lymphoid hyperplasia.
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Fig. 162
PC study, erect position, LPO. Several filling defects in the duo-
denal bulb. Biopsies showed heterotopic gastric epithelium.

Fig. 163
DC study, supine position, LPO. Multiple filling defects on the
posterior wall of the duodenal bulb. Biopsy specimens demon-
strated heterotopic gastric epithelium.

Fig. 164
a. DC study, supine position, LPO. Filling defects in the base of

the duodenal bulb.
b. Autopsy specimen. Histological examination proved that the

polypoid lesions were caused by islets of heterotopic gastric
epithelium.

Fig. 165
DC hypotonic duodenography, prone position. Elevated lesion
with a central excavation on the anterior wall of the descending
duodenum. Endoscopy showed an elevated lesion with a central
dimple. Biopsies did not show abnonnalities. Heterotopic pan-
creatic tissue, leiomyoma and a large minor papilla have to be
considered.
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8.4. Malignant tumors

The incidence of primary small bowel malignancy is
low, but absolute involvement of the duodenum is
high (16,42,99).

The commonest malignant duodenal tumor is the
adenocarcinoma, and the second commonest is
leiomyosarcoma (16). Malignant lymphoma, which
is probably the most common malignant growth in
the small intestine (233), is encountered relatively
frequently in the duodenum (7). Villous adenomas
and carcinoids are tumors with a variable malignant

potential, and the latter appears to have a predilec-
tion for the duodenal bulb (249). Whenever a mass
lesion is visualized in the duodenum, the possibility
of an alien cancer must be considered (265). An alien
cancer can be a metastasis or a contiguous cancer
(see 8.6. Indentations), originating from an adjacent
organ such as the pancreas, biliary tract or gall blad-
der, stomach, colon or kidney. Although several of
the above-mentioned conditions may show charac-
teristic growth patters, e.g. malignant lymphoma (7,
161, 234), in most cases biopsy is necessary for
definite diagnosis.

Fig. 166
a &b. Hypotonic duodenography, supine position. LPO. Filling defect on the medial aspect of the descending duodenum. It isdifficult

to differentiate between a lesion of the duodenum and an indentation caused by a mass lesion in the head of the pancreas. No
endoscopy. At operation a polypoid tumor of the duodenum was found. Histologkal examination of the resected specimen
demonstrated adenocarcinoma.
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Fig. 167
a &b. DC hypotonic duodenography, supine position, LPO. Lobulated filling defect in the distal part of the descending duodenum.

Autopsy: adenocarcinoma.
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Fig. 168
DC hypotonic duodenography, prone position. Coarse folds with
nodularity in the descending duodenum of a patient with malig-
nant lymphoma of the gastrointestinal tract. See also figs. 37,9S
and 145 of this patient.

Fig. 169
DC hypotonic duodenography, supine position, IPO. Filling de-
fect caused by a probably submucosal mass in the third part of the
duodenum (arrows). At autopsy multiple metastases of a bron-
chogenic carcinoma were found.
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8.5. Enlargement of the major duodenal
papilla

Although a normal major duodenal papilla may be
as long as 3 cm. it is usually considered abnormal if
longer than 1.5 cm. (17, 53, 69, 120). Papillary en-
largement may be the result of edema or neoplastic
infiltration. Edema can be caused by pancreatitis,
peptic ulcer or stone in the distal common bile duct
(17, 54, 120). In the case of edema, the enlarged
papilla has a smooth surface.

A periampullary adenocarcinoma, arising from
the papilla or the ampulla of Vater, the head of the
pancreas or the duodenal mucosa, usually produces
an irregular filling defect. However, a carcinoma of
the ampulla, may have a smooth surface (55). Benign
tumors of the ampulla of Vater are very rare (121),
giving an appearance that cannot be differentiated
from edematous papillary swelling. In order to ex-
clude an impacted stone - presumably the com-
monest cause of smooth-surfaced enlargment of the
major duodenal papilla - the next logical step is
cholangiography.
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Fig. 171
a. DC hypotonic duodenography, prone position. A patient with obstructive jaundice.
b. PC hypotonic duodenography, supine position. Filling defect on the medial side ofthe descending duodenum. Endoscopy revealed an

edematous major papilla. Endoscopic retrograde pancreatico-cholangiography demonstrated some stones ;n the distal common bile
duct which were supposed to have caused edema of the major papilla.

8.6. Indentations

During the hypotonic examination the duodenum
can be viewed as a mold formed by adjacent organs.
Mass lesions of these organs can be diagnosed by
deformity of this mold.

The lateral aspect ofthe flexure between the duo-
denal bulb and the descending part ofthe duodenum
is often indented by the gall-bladder, either normal or
pathological (figs. 172, 173, 174). In cases of peri-
cholecystitic abcess, this impression may be irreg-
ular. A dilated common bile duct may indent the
posterior aspect of the apex of the duodenal bulb
(57) (fig. 175). The lateral aspect ofthe descending
part lies in close relation to the right kidney, and
often results in a normal impression (88). Mass le-
sions ofthe right kidney or an abnormally horizontal

longitudinal axis ofthe right kidney produces a lar-
ger impression (figs. 176, 177). Mass lesions in the
liver may impress several sites on the lateral aspect
(fig. 178). Contiguity ofthe hepatic flexure ofthe
colon to the descending part ofthe duodenum facil-
itates the spread of a neoplasm (165).

Indentations on the medial aspect of the duo-
denum are in most instances caused by mass lesions
in the head ofthe pancreas. Personal experience and
that of others (122,221) has shown that hypotonic
duodenography fails to differentiate between a mass
in the head of the pancreas caused by a carcinoma
and one caused by chronic pancreatitis. Sometimes it
is difficult even to differentiate a lesion ofthe duo-
denum from a mass lesion in the head ofthe pancreas
(figs. 166,179).

Fig. 170
a. DC hypotonic duodenography, LPO. The folds in the duodenal bulb are effaced by gaseous distension. In the descending duodenum

the transversely oriented folds of Kerkring remain visible. Filling defect on the postero-medial side of the descending duodenum
(arrows).

c. DC hypotonic duodenography, prone position, confirming the defect. This appearance is compatible with a large duodenal major
papiUa.

b. Cholangiography revealed a stone in the distal common bile duct. The filling defect demonstrated in a and b probably represents
edema ofthe duodenal major papilla.
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Fig. 172
a & b. DC hypotonicduodenography. supine position, LPO. Filling defect on the lateral aspect of the flexure between thedeodenal bulb

and the descending part of the duodenum. The filling defect is inconstant during changes of forces of gravity: indentation caused by a
normal gall bladder which is faintly opacified.

Fig. 173
DC hypotonic duodenography, supine position, LPO. The duo-
denal bulb is indented by the gall bladder which contains a stone.

Fig. 174
a & h. DC hypotonic duodenography. supine position. LPO.

Irregular indentation in a patient with the clinical features of a
cholecystitis. Operation revealed a pericholecystitic abcess.
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Fig. 175
a. DC hypotonic duodenography, supine position,

IPO.
6. PC hypotonic duodenography, right procubitus

position. The patient had previously been operated
upon because of congenital anomalies of the biliary
tract. Autopsy demonstrated an impression caused
by a bile containing cavity which was probably an
extremely dilated choledochal duct.

• , - - • • - - •>• rr
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b
Fig. 176
a. DC hypolonic duodcnography. supine position. LPO.
b. Indentation on the lateral aspect of the descending duodenum

caused by an abnormally longitudinal axis or the right kidney
as was confirmed by an IVP.

Fig. 177
DC hypotonic duodenography, prone position. Indentation of
the lateral aspect of the descending part of the duodenum. This
patient was suffering from polycystic renal disease. Autopsy con-
finned that the indentation was caused by a renal cyst. Same
patient as shown in fig. 121.
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Fig. 178 Fig. 180
DC study of the duodenal bulb, supine position, LPO. Indenta- DC hypotonic duodenography, supine position, LPO. Stricture
tion of the lesser curvature of the duodenal bulb. Autopsy demon- of the proximal part of the descending duodenum. At operation a
strated that the indentation was caused by a metastasis in the liver, mass in the head of the pancreas was found. Biopsies revealed a

chronic pancreatitis. A follow-up study confirmed the diagnosis.

Fig. 179
a. DC hypotonic duodenography, supine position, LPO.
b. PC hypotonic duodenography, right procubitus position. Mass lesion on the medial aspect of the proximal part of the descending

duodenum. It was difficult to differentiate between a lesion of the duodenum and a mass lesion in the head of the pancreas. Endoscopy
showed an intact duodenal mucosa. Further examinations and a follow-up study were compatible with the diagnosis chronic
pancreatitis.
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Fig. 181
a. DC hypotonic duodenography, supine position, LPO.
b. DC hypotonic duodenography, prone position. Indentation of

the medial aspect of the duodenal bulb and the descending
duodenum.

c. DC hypotonic duodenography, erect right lateral position,
showing a dorsal indentation of the descending duodenum. At
operation a mass in the head of the pancreas was found. Biop-
sies: chronic pancreatitis. Diagnosis confirmed by a follow-up
study.



DUODENUM 157

Fig. 182
a. DC hypotonic duodenography, supine po-

sition.
b. DC hypotonic duodenography, prone posi-

tion. Irregular indentation of the medial as-
pect of the duodenal bulb and the descending
duodenum. Autopsy demonstrated a carci-
noma in the head of the pancreas.
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Fig. 183
a. DC hypotonic duodenography, supine position, LPO. Irreg-

ular indentation of the medial aspect of the descending duo-
denum. Smooth indentation of the duodenal bulb and the
postero-lateral aspect of the gastric antrum: antral pad sign
(arrows). At operation a carcinoma in the head of the pancreas
was found; the gall bladder was extremely dilated. The tumor
was considered unresectable; acholedocho-duodenostomy was
made.

6. DC study, supine position, LPO, after the operation. There is
retrograde filling of the biliary tree. The smooth indentation of
the duodenal bulb and the gastric antrum has disappeared,
proving that this antral pad sign was caused by the dilated gall
bladder.
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8.7. Miscellaneous

8.7.1. PROLAPSE OF GASTRIC MUCOSA

Prolapse of gastric mucosa through the pylorus is
a frequent radiological finding. The clinical signifi-
cance is a matter of controversy (13,199).

8.7.2. PROLAPSE OF GASTRIC POLYPS

Prolapse of a gastric polyp may mimic prolapse of
the gastric mucosa. The diagnosis can be readily
made when a stalk is demonstrated or when the
polyp relapses in the stomach in the course of the
examination (fig. 185). Symptoms of intermittent
obstruction may be present.

8.7.3. DIVERTICULUM

Diverticula are often encountered in the duodenum.
The site of predilection is the medial aspect of the
descending part of the duodenum. If the folds are
seen to progress into the diverticulum, an ulcer niche
can be excluded. Diverticula are considered to be
clinically unimportant. A juxta-papillary divertic-
ulum containing retained material may obstruct the
biliary or pancreatic ducts (60,198) (fig. 188).

8.7.4. ANNULAR PANCREAS

In annular pancreas a ring of pancreatic tissue en-
circles the descending part of the duodenum causing
a stenotic ring. The main differential diagnosis is
stricture caused by post-bulbar peptic ulceration
(figs. 189,190). Because peptic ulceration is not in-
frequently encountered in cases of annular pancreas
(66, 222), this distinction may be impossible. En-

doscopic retrograde pancreatico-cholangiography
demonstrating an annular duct, permits a definite
diagnosis (5).

8.7.5. DUODENAL SEPTUM

A disorder in the vacuolization of the duodenal lu-
men during fetal life may manifest in adulthood as a
total or partial duodenal septum (fig. 192). The ra-
diological diagnosis is easily made. A septum with an
eccentric opening may result in an intraluminal
pseudo-diverticulum (215).

8.7.6. CROHN'S DISEASE

Crohn's disease of the duodenum is rare, involving
no more than a few percent of the patients suffering
from the disease (154, 231). The appearances are
similar to those found in lesions of more distal parts
of the small bowel (154), description of which is
beyond the scope of this chapter. Recently va-
rioliform erosions in the duodenum were demon-
strated as an early manifestation of the disease (64,
117, 153, 159). The diagnosis should be considered
whenever multiple stenotic lesions in the duodenum
are visualized (187).

8.7.7. EROSIONS

Only erosions of the varioliform type can be reliably
diagnosed by the radiologist. Varioliform erosions
seem to be less frequent in the duodenum than in the
stomach. They occur with or without peptic ulcer-
ation. As in the stomach, varioliform erosions may
represent the early lesion of Crohn's disease (64,117,
153i 159).

WBSE
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Fig. 184
a. DC study, supine position. LPO.

b. PC compression study, erect position, LPO. Prolapse of gastric
mucosa through the pylorus.

Fig. 185
a. DC study, supine position, LPO.
b. DC study, supine position, LPO.
c. PC study, prone position. Prolapse of a gastric polyp in the

duodenum. The appearance in fig. a. mimicks a prolapse of
gastric mucosa. The diagnosis of a prolapsing gastric polyp
could be made because the polyp relapsed in the stomach in the
course of the examination as shown in b. and c.
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Fig. 186 Fig. 187
a & b. DC studies, supine position. LPO. DC hypotonic duodenography, prone position. A juxtapapiUlary
c. PC study, prone position. Diverticulum of the duodenal bulb; diverticulum; a fold is seen to progress into the diverticuluu.

an ulcer niche could be excluded because the folds are seen to
progress in the outpouching.
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Fig. 188
a. DC hypotonic duodenography, prone position. A huge out-

pouching of the medial side of the proximal part of the descend-
ing duodenum. A fold is seen to progress in the outpouching
which conflrms the diagnosis diverticulum. There is a filling
defect in the diverticulum, probably caused by retained ma-
terial. The patient suffered from intermittent obstructive jaun-
dice.

h. Combined 1VC and carbon dioxide hypotonic duodeno-
graphy, prone position. The small arrows point to the distal
common bile duct.; the large arrows to retained barium suspen-
sion in the diverticulum. The juxta-papillary localization of the
diverticulum which contains retained material, probably ex-
plains the intermittent obstructive jaundice.

v
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Fig. 189
a. DC hypotonic duodenography, supine position, LPO.
b. DC hypotonic duodenography, prone position. Stenotic ring in

the descending part of the duodenum. At operation an annular
pancreas was found.
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Fig. 190
a. DC hypotonic duodenography, supine position, LPO.
b. DC hypotonic duodenography, prone position. Stenotic ring in

the descending part of duodenum. Endoscopy demon-
strated a small ulcer niche in the vicinity orthe stenosis. In this

case it is impossible to distinguish between a stricture caused by
post-bulbar peptic ulceration and peptic ulceration occurring
with an annular pancreas. No operation. No endoscopic re-
trograde pancreatico-cholangiography.
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Fig. 191
a. DC hypotonic duodenography, supine position, IPO.
b. DC hypotonic duodenography, prone position. Extreme defor-

mity and scarring in the region of the flexure between the
duodenal bulb and the descending duodenum. It was im-
possible to demonstrate or to exclude an active ulcer in this

area. The large black arrow points to the edge of a duodenal
septum. The large white arrow points to the major papilla; the
small white arrows to the minor papilla. Endoscopy did not
show any active ulceration in the post-bulbar region and con-
firmed the duodenal septum.
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Fig. 192
DC hypotonic duodenography, supine position, LPO. Stenotic
lesion in the descending part of the duodenum of a patient with
confirmed Crohn's disease elsewhere in the gastrointestinal tract.
This lesion is highly suggestive ofa localization of Crohn's disease
in the duodenum. (Courtesy of Department of Radiology, Leiden
University Hospital, Leiden, The Netherlands.)

Fig. 193
DC hypotonic duodenography, supine position, LPO, ofa patient
with histologically confirmed Crohn's disease of the colon. There
is at least one varioliform erosion in the region of the flexure
between the duodenal bulb and the descending duodenum (ar-
rows).
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Fig. 194
DC study, supine position, LPO. Typical varioliform erosion on
the posterior wall of the duodenal bulb (arrows). Endoscopic
confirmation.

Fig. 195
a &b. DC study, supine position, LPO. 2 erosions in the duo-

denal bulb, which were verified endoscopically (arrows).
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SAMENVATTING

Het fiberendoscopisch-bioptisch onderzoek heeft de
laatste jaren een snelle ontwikkeling doorgemaakt.
Dit heeft voor de radiodiagnostiek van de maag en
het duodenum twee gevolgen gehad.
1. De radiodiagnostiek heeft haar tot dan toe vrijwel

autonome plaats verioren.
2. Door de feed-back die de endoscopie aan de ra-

diologie gaf, beleefde de radiodiagnostiek een re-
naissance.
De auteur gelooft dat de radiodiagnostiek van

maag en duodenum ook nu een taak heeft en wel als
screeningsmethode en complementaire benadering
voor de endoscopie en biopsie. Het is wel zo dat
slechts een verfijnd radiologisch onderzoek een
dergelijke taak kan vervullen. In 1973 ontwikkelde
de auteur een radiologisch standaardonderzoek, dat
"bifasisch" werd genoemd, omdat hiermee zowel de
voordelen van de positieve contrasttechniek als die
van de dubbelcontrasttechniek benut word .n. Sinds
1973 werd een ervaring met meer dan 7.500 van
dergelijke onderzoeken verkregen.

In deel I van dit boek wordt de theoretische ach-
tergrond van de radiologische onderzoektechniek

van de maag en het duodenum besproken; verder
wordt de techniek van het bifasische standaardon-
derzoek uitgebreid bcschreven. Er wordt veel aan-
dacht gewijd aan de basisprincipes die begrepen
moeten worden om tot een goede beoordeling van
dubbelcontrast-opnamen te kunnen komen.

Deel II behandelt de resultaten. De complemen-
taire rol van het radiologische onderzoek en de en-
doscopie wordt uiteengezet. Verder is er een kwanti-
tatief onderzoek gedaan om na te g%an of de bi-
fasische standaardmethode betrouwbaar is bij de de-
tectie van potentieel maligne laesies en daardoor kan
dienen als screeningsmethode cm uit te maken welke
patienten een endoscopie moeten ondergaan. Deze
vraag wordt bevestigend beantwoord, zelfs waar het
de zeer belangrijke groep van de zogenaamde Early
Gastric Cancer betreft.

Deel III is een atlas waarin de frequent voorko-
mende ztekten van maag en duodenum behandeld
worden. Deze atlas vormt een illustratie van de re-
sultaten die met de bifasische methode btreikt kun-
nen worden.
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