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THE ROENTGENOGRAPHIC STUDY

IF THE MUCOSA

IN NORMAL AND PATHOLOGICAL STATES

BY RICHARD A. RENDICH, %£.D.

Roentgenologist, Bellevue Hospital

NEW YORK CITY

rl‘HE Solon advises: ““A book should not
be judged by its cover.” To decided
advantage may this dictum be heeded
by the roentgenologist, who, to date,
in his study of disease of the alimentary
tract, has been content to base his con-
clusions on the changes of contour, con-
sequent to pathological changes of the
hollow viscera. These changes are revealed
on the mucosa before the deformity of
its outline is produced. Therefore, demon-
stration of the mucosa will offer much
valuable information not to be obtained
by the contour method, and at an earlier
date.

The prime object of this work was the
demonstration of the gastric rugae, as
an indication of gastritis; this possibility
having suggested itself after observing
the wide variation in the size and character

of these folds, particularly during fluoros-

copy. Later, it seemed that such study of

the mucosa offered possibilities in demon-
strating the earlier changes of the organic
lesion and in the more detailed study
of those conditions already recognized
by the present day routine procedures.

In this work the condition of the gastric
mucosa has been studied chiefly through
consideration of the rugae. Usually, these
folds of mucous membrane arise in the
cardia and extend downward towards
the pylorus, parallel to the axis of the
stomach (Fig. 1); frequently those near
the greater curvature are oblique and may
cross from the posterior to the anterior
wall (Fig. 2). Near the greater curvature
also, there is frequently seen a fragmen-
tation of the rugae (Fig. 3), this con-
sisting of a division of the folds into
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portions, an inch or more in length, which
Then

may be very tortuous (Fig. 4).

el Fi

Fic.

1. Roentgenogram of mucosa, demonstrating the
normal rugae formation of the posterior wall.

Fic: 2;

Roentgenogram of mucesa, demonstrating
normal rugae extending obliquely across the posterior
wall of the stomach.

too, one fold from the cardia may divide
or there may be a fusion of several which
have their origin above. Frequently, how-

ever, there is tendency towards an orderly
arrangement from the cardia towards the
pylorus (Fig. 5). The rugae may be equally
well formed on the anterior and postertor
walls, though frequently those of the former
are not nearly as well marked. There
appears no common arrangement _of these
mucosal folds, and a wide variation may
be noted in different individuals. Their
formation is largely dependent upon the
muscularis mucosa and tEe degree of gastric
tonus. These observations tend to prove
that no change (active or passive) of the
position or shape of the rugae occurs while
the stomach is in a non-functioning state
(Figs. 6 and 7).

In the anatomical specimen, tension
tends to obliterate these folds, but on
its release they resume their appearance
and their former relation. This is due to
the fact that the rugae are held in forma-
tion by loose connective tissue which per-
mits of their disappearance under pressure.
Consequently, this examination is best
made on the non-distended stomach.

In our work, the rugae of the posterior

Fic. 3. Roentgenogram of normal mucosa, with irregu-
lar rugae formation at greater curvature.

wall have been studied more completely, as
this region is much more frequently the
site of abnormalities. As noted roentgen-
ographically, the number of rugae vary
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with the type of stomach. In the hypotonic
type there may be fewer in the vertical
than in the horizontal arm, while in the
hypertonic variety the number of folds
is decreased from the cardia to the pylorus.
The orthotonic stomach usually contains
about the same number, throughout its
length. The rugae, considered normal, as

CONDITIONS PRODUCING VARIATION
OF RUGAE

The rugae vary according to the tone
of the stomach. When the tone is mcreaseg[,
the surface area of the gastric mucosa is
decreased, with the result that its folds
are thrown closer together and become

F16. 4. Roentgenogram of anatomical specimen of stomach, after incision
along lesser curvature. (1) Pars cardia. (2) Esophagus. (3-4) Lesser
curvature. (35) Pyloric region. Rugae well formed on anterior and
posterior walls, tortuous in region of greater curvature,

measured on the roentgenogram, (22 in.
target film distance) are 2-4 mm. in width.
[t1s tobe understood that the foregoing con-
clusions are the result of roentgenographic
demonstration of the mucosa in the living
subject; unfortunately, these cannot be
compared directly with those noted during
autopsy or operation, as the conditions
at such times are totally different.

more prominent; but when the organ is
atonic, the surface area is increased and the
mucosa put on stretch to such an extent
that the rugae are obliterated.

In hypertrophic gastritis there occurs a
cellular infiltration of the mucosa with
resultant thickening of this coat: and in the
submucosa there occurs a connective tissue
hyperplasia. As a result, the rugae are

PEH
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enlarged, and of somewhat irregular forma-
tion, and tend to resist obliteration.

The atrophic type of gastritis is asso-
ciated with a marked thinning of the
mucosa and all coats of the stomach wall,
consequently is characterized by an absence
of rugae formation. ' _

Accompanying the diffuse infiltrative

carcinoma, there is a decrease in size of the
stomach and an atrophy of the mucosa
with disappearance of its folds. Concerning
the condition of the mucosa with carcinoma
of the stomach, Ewing, in his excellent work
“Neoplastic Diseases,” states: “A rclgi—
tively intact mucosa often persists in
cancer following ulcer. . . . In some
cases an adenocarcinoma is associated
with general hypertrophic gastritis. Chronic
productive gastritis with atrophy is the
most frequent condition, as was early
shown by Fenwick. In diffuse car-
cinoma, the mucosa has been found atro-
phic, with or without extensive erosion.
In diffuse colloid cancer the gelatinous
nodules may be widely distributed over
the mucosa.” In his reference to scleros-
ing fibrocarcinoma, or Linitis Plastica, he
states: “The mucosa is usually thrown
into folds or nodular elevations, or it is
thin, eroded or ulcerated.”

From these statements, then, our find-
ings by radiographic demonstration of the
rugae might well be inferred.

Adenocarcinoma is to be recognized by
the presence of the mass projecting into
the lumen of the stomach, while the rugae
would be enlarged or absent, depending
upon the presence of hypertrophic or
atrophic changes of the mucosa.

The diffuse carcinoma presents a some-
what smooth mucosal surface, with or
without evidence of ulceration. This type
presents a very characteristic appearance
with its stomach often of decreased size,
absence of mucosal folds and occasionally,
also, evidence of ulceration.

In the scirrhus type, the rugae are again
absent and the small oval or rounded nodu-
lations as noted above, are demonstrable.

In gastric ulcer the early pathological
process 1s erosion of the mucosa, which may
increase in size and depth to definite crater
formation. The former would be repre-
sented in this examination by a more or

less rounded collection of opaque mixture,
surrounded by rugae of perhaps normal
formation. At a later stage, definite con-
tracture may occur at the pointof ulceration
due to the newly-formed cicatricial tissue.
In this instance the rugae are noted as
radiating in all directions from this point.
Gastric ulcer 1s frequently accompanied by
a chronic hypertrophic gastritis, and in
that case the rugae are noted to be of
increased size.

Fic. 5. Roentgenogram of normal mucosa—rugae in
orderly formation; those of the pars pylorica not well
demonstrated on account of presence of secretion and
disturbance by palpation. Small amount in bulbus
duodent.

Having briefly considered the gross
pathological changes of the mucosa conse-
quent to the more common gastric lesions,
it is at once realized that any information
gathered from this study should include:

1. Type of stomach
. Size of stomach
. Rugae

(a) number
(b) size
(¢) course
(d) continuity
4. Mucosa
(a) regular

W o

(b) irregular/ eroded
o  nodular
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Method. A fifty per cent mucilage of
acacia is employed, to which an equal
quantity (by volume) of bismuth sub-
carbonate i1s added. The official U.S.P.
mixture contains 35 per cent acacia,
but as usually procured, does not have such
content. The mucilage as suggested is
readily made by adding directly powdered
gum arabic to an equal volume of water;
this 1s stirred well for about five minutes
and allowed to stand; after a short time

Fic. 6. Roentgenogram of normal mucosa. First
exposure.

a clear solution will result. When ready
for use, equal quantities of bismuth
subcarbonate and this special mucilage
are well mixed. It is easily administered
and while not unpleasant, the taste may
be improved by adding a very small
quantity of flavoring agent. Honey has
been substituted for the mucilage of acacia,
but for certain reasons has not served as
satisfactorily. The examination is best
made in the morning, the patient having
had no food since the previous evening
and having previously been prepared by
catharsis.

Administration. The mixture is best
administered while the patient is in a

partially recumbent position (about 10°
incline) on the fluoroscopic table; a level
teaspoonful is given. In this work a table
especially designed for examination of
the alimentary tract in the horizontal
position is used. This consists of a table-top
(Fig. 8). Its upper third may be raised
to the desired angle, as a simple bed rest.
This special table top is not necessary,
however, but convenient, as change of
position of patient is desirable during this

F16. 7. Sume case as in Figure 6, exposure being made
about two minutes later, patient having remained
absolutely still. No change of relation or position
of the rugae has occurred; at this time a larger
amount has reached the duodenum.

procedure; the table-tilt type of fluoroscope
would probably be more advantageous,
since a constant target screen distance
1s maintained with increased angulation.
After the mixture has settled in the pars
cardia, the back rest is elevated gradually.
The patient should not be permitted to
raise himself. Observations are made until
the rugae are well delineated. Palpation
is undesirable, as it produces an irregular
distribution of the mixture and changes the
conformation of the wall. Exposures are
madedirectly after placing the sc eened film
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in position. Stereoscopic plates have also
been made in this manner. For demon-
stration of the anterior wall the procedure
is applied with the patient in the prone
position.

Certain obstacles may be encountered
in the attempt to coat satisfactorily these
walls. In ulcer or other cases in which
secretion 1S excessive, it Is sometimes
necessary to remove same. If a large
amount of mucus is suspected it is well
also to 1rrigate with a sodium bicarbonate
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Differentiation of extra gastric pressure
defects from intrinsic lesions.

The more satisfactory examination of
the enterostomized stomach.

The study of gastritis.

Demonstration of the small intestine.

1. More Detailed and Confirmative Exami-
nation of Gastric Ulcer.

Usually gastric ulcer is readily recognized
by the contour method: and the larger
its crater the more easily is it demonstrated.
There occurs, however, occasionally, a

Fic. 8. Wooden table-top as used. Note foot-board to prevent slipping of patient.

solution. Another undesirable feature is
the deep shelving of the cardiac portion
of the stomach, which may, however,
be avoided to a large degree by proper
preparation.

Special attention must be given the
consistency of the mixture; if too thick,
there occurs a tendency to traverse the
wall en masse without coating it, and if
too thin, it too readily finds its way to
the lower pole.

The method of examination as suggested
has already served very satisfactorily in:

More detailed and confirmative evidence
of gastric ulcer.

More complete study of gastric neo-
plasm.

lesion of such small size or so shallow that
it may be sighted only momentarily
during fluoroscopy. Attempts to demon-
strate again this condition may be unsuc-
cessful. Distention of the stomach by a large
quantity of mixture obliterates such a
deformity completely, and thus the find-
ings are indecisive. A second type of ulcera-
tion proving evasive is that confined to
the anterior or posterior wall, pars pylorica,
without evidence of infiltration or spasm of
either curvature.

Radiographic demonstration of the
mucosa offers proof conclusive of such
ulcers, since the mixture mvariably finds
its way into the pouch, however shallow,
and adheres to this localized area. By this
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means, we have been able to render a defi-
nitediagnosis in an otherwise indeterminate
se.
CaFurther. such study affords valuable
ation concerning the ulcer, which
has already beer recognized in the usual
way. The size of the crater may be more
accurately determined, its margins more
readily demonstrated as weil as the con-
dition of the surrounding mucosa, and the
degree of cicatrization. The latter point
is distinctly shown by the course of the
rugae in the region of the lesion. With
such scarring is noted a puckering at the

infor

FiG. 9. Gastric ulcer of lesser curvature, demonstrating
collection of mixture in crater and rugae radiating
from same due to contracture at this point; rugae
ill-defined on account of breathing.

crater with radiation of the surrounding
rugae from that point (Figs. 9, 10 and 11).

If contraction has not occurred the rugae
extend as normally (Fig. 13). Again, the
rugae accompanymng gastric ulcer may
be seen to be definitely enlarged, due to
the associated hypertrophic gastritis. This
method then offers a more complete
examination of gastric ulcer and should
assist materially in interval study to note

the progress of repair during treatment of
this condition. '

2. More Complete Study of Gastric
Neoplasm. )

The roentgen study of carcinoma of the
stomach by the usual method is somewhat
limited by our inability to determine
accurately the extent of the infiltrative type
of lesion. As one might readily infer, this
point is more definitely established by

FiG. 10. Lesser curvature ulcer, with cicatrization.

observation of the intima. The zone of
involvement is recognized by the oblitera-
tion of rugae in a relatively small stomach
and in certain cases by the irregular nodu-
lar appearance of the mucosa (Fig. 14).
Such a picture is most striking and not
only serves as an indication of extent of
involvement, but, more important, offers
a definite diagnosis to the less experienced.
It may not be amiss to remark that the
infiltrative variety of new growth may
escape detection, as its early recognition
1s not always an easy task.

e
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The medullary or fungoid growth ordi-
narily produces a typical gross defect.
Consequently, it is infrequently over-
looked, and examination by a special
method is rarely necessitated; yet, in the
growth of small size, confirmation may be
desirable. Such mass is represented by an
absence of the mucosal folds in the affected
zone, and the encircling of the tumor by
the mixture so that it is directly outlined.
In the presence of an accompanying
atrophic gastritis, the rugae are obliterated.

3. Differentiation of Extra Gastric
Pressure Defect from Intrinsic Lesions.

Not infrequently a regular deformity of
one or the other curvatures of the stomach
confronts the roentgenologist, and demands
a differentiation of pressure defect from an
intrinsic lesion. Ordinarily this is easily
and satisfactorily accomplished; but in an
exceptional instance, the findings may not
be conclusive.

From the foregoing description of the
normal and pathological mucosa as demon-
strated radiographically, one immediately
sees the marked contrast between the two
cases. In the case of deformed contour
resulting from an extragastric pressure

Fic. 12. Exmuipution by “contour” method. Note
very small niche of ulcer lesser curvature, pars
media.

defect, the rugae of a normal mucosa are

noted, while the characteristic findings of

(Figs. 15 and 16). This single finding at
once suffices for a definite conclusion.

an infiltrated mucosa as described above
are seen in the case of intrinsic lesion

Fic. 11. Ulcer, posterior wall of stomach with less
marked contracture. Mixture has passed into
jejunum.

F1G. 13. Same case as in Figure 12, dcmonstr.’-zting ulcer

much more satisfactorily; note that radiating rugae
are not present.
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4. The More Satisfactory Examination
of the Enterostomized Stomach.

The difficulty encountered in directly
demonstrating the stoma by the commonly
used method is generally appreciated. Fre-
quently, the evacuation of the liquid
through the enterostomy of large size
is so rapid as to render its visualization
very unsatisfactory; then too, the stoma of
high position is frequently obscured by the
opaque mixture in the lower pole of the

FiG. 14. Mucosal surface of diffuse scirrhus carcinoma

tion and nodulated appearance of mucosa. Too
much mixture had been administered, and insuffi-
crent time allowed for the evacuation of excess.

stomach. With the method suggested the
mixture descends the posterior wall and
in its slow passage through the gastro-
enterostomy opening, renders this portion
plainly visible (Fig. 17). It thereby reveals
the slightest deformity of its ‘contour,
and consequently offers a more efficient
means for the determination of patholog-
ical states of the newly-formed canal and
the jejunal loop.

5. The Study of Gastritis.

Little attention has been paid to the size
of the rugae as an indication of chronjc
hypertrophic and atrophic gastritis, pre-

of stomach (autopsy); note absence of rugae forma-

sumably because these folds vary so widely
in different individuals.

In hypertrophic gastritis the mucosa
itself is thickened from cellular infiltration
and the submucosa presents a hyper-
plasia of connective tissue elements; thes_e
changes tend to produce greater promi-
nence of the mucosal folds, by their
increased size and irregular course (Fig.
18). It has been frequently noted radio-
graphically that enlarged rugae accompany
organic lesions, particularly ulcers of the
stomach, less commonly of the duodenum.
The presence of an associated chronic
gastritis is generally conceded in these
conditions, and it 1s therefore assumed
that such enlargement of the rugae is due
to the underlying gastritis.

Marked variation of rugae formation
has been noted in cases presenting no other
evidence of abnormality. It was best
demonstrated in days past in those patients
from whom a pronounced alcoholic history
was elicited. The association of alcoholism
and gastritis is appreciated and for this
reason also the enlarged size of the rugae
was considered an indication of the hyper-
trophic changes produced by this chronic
irritant. The enlargement and irregularity
of the rugae referred to are very distinctive,
and by this method contrast with those
seen normally. As mentioned, the atrophic
type of gastritis presents a marked thinning
of the mucous membrane and consequently
a decrease of size or complete absence of
rugae.

6. Demonstration of the Small Intestine.
. On account of the rapid passage of the
liquid mixture commonly  employed
through the upper small intestine, study
of the jejunum and proximal ileum is
rather difficult, but in the method suggested
this thicker mixture travels more slowly
and tends to coat the walls, thus rendering
a satisfactory visualization of them (Fig.
19). Fortunately, organic lesions of the
Jejunum and upper ileum are rare, but
for certain studies one may be desirous
of more complete radiographic investiga-
tion, and in this event the method suggested
offers such an opportunity. _

While this work is yet incomplete it
is anticipated that study of the mucosa
will prove of further advantage in:
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FiG. 15. Roentgenograph after contour method. Deform- Fic, 16. Same case as in Figure 15. Demonstration of
ity of lesser curvature to be differentiated from extra  mucosa reveals an intrinsic lesion, a more extensive
gastric pressure defect. See Figure 16. carcinoma than might be suspected from examination

by contour method. The spasm of greater curvature
is not noted by this method, as in previous figure.

F1G. 17. Special demonstration of gastroenterostomy;  Fic. 18. Mucosal study of case considered to be chronic

evacuation through the newly formed opening was hypertrophic gastritis; no organic lesion noted. The
so rapid during the routine examination that the rugae, in this mstance, are not as tortuous as those
stoma could not be visualized. Note how well- sometimes noted.

defined is the gastroenterostomy opening by this
special method; jejunal loop “also satisfactorily
demonstrated.
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The detection of the mucous erosion..

More definite differentiation of benign
and malignant ulceration.

The differentiation of spasm from
organic lesion.

he differentiation of duodenal ulcer

and periduodenal adhesions.

7. Detection of Mucous Erosion.

A simple mucous erosion is occasionally
suspected when no satisfactory demon-
stration of 1t 1s afforded by the contour

Fic. 19. Demonstration of upper small intestine with
aid of special mixture.

method of examination. The reason for
this is obvious, for it cannot be expected to
produce a deformity of the gastric contour,
as the lesion is confined to the mucosa.
Satisfactory demonstration of the mucosa
should supply the means by which such
erosion could be detected. While a case
of this kind has not, thus far, been noted,
we have been able to demonstrate much
more satisfactorily an ulcer crater so
small as to be barely detected by the
routine_examination (Figs. 12 and 13).

8. Further Differentiation of Benign
and Malignant Ulceration.

No hope s to be offered in the differentia-
tion of the gastric ulcer, which appears
macroscopically benign and is found to
be microscopically malignant, as this

variety possesses no gross qualities by
which it can be recognized. The differentia-
tion of ulcerating new growth from a
benign ulceration is, however, possible,
as their gross characteristics differ. Ulcerat-
ing cancer is often surrounded by a zone of
infiltration, its crater is usually larger and
frequently it has overhanging margins;
while the benign ulcer usually has a smaller
crater, with less marked mfiltration of
its borders, and often connective tissue
formation with contracture at the ulcer
site. The latter is an important feature in
this connection as Ewing states: “Secon-
dary ulceration of primary carcinoma rarel’x
produces marked contracture of the wall.

The condition of the overhanging ulcer
margins referred to might be demonstrated
by radiographing the crater in profile after
coating the intima with the acacia mixture.

9. Differentiation of Spasm from Organic
Lesion.

Demonstration of normal rugae such
as accompany spasm, at once differentiates
it from an organic lesion, and renders need-
less the antispasmodic for this purpose.
Moreover, it appears at present that
spastic phenomena are much less common
with this examination of the stomach
in the resting state, as compared with
the distended organ during the routine
examination (Figs. 15 and 16). It is hoped
that further experimentation will aid in
more definitely establishing this impor-
tant feature.

10. Differentiation of Duodenal and Peri-
duodenal Adhesions.

Up to the present, satisfactory work has
not been completed in this connection,
nor has sufficient data been collected
for definite statements, but it seems
logical to assume that demonstration of
the duodenal mucosa is also practical and
the differentiation of organic lesions of the
duodenum from spastic and adhesion de-
fects might be accomplished by this
method. If this is sustained, one of the
great sources of error in the diagnosis
of disease of this portion can be eliminated.
[t is thought that the deformity due to
adhesions and spasm of this part are much
less marked with this method than when
the stomach and duodenum are distended
as in the usual examination.




A Case of Syphilis of the Stomach

The method described may also serve
in the case of the patient who, for one
reason or another, might be unable to take
or retain the amount of liquid mixture
necessary for satisfactory examination by
the commonly used method.

[t 1s sincerely hoped that the work
suggested will stimulate further endeavors
along these lines. Up to the present time,
relatively little attention has been accorded
the condition of the mucosa. It is, never-
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theless, a very important pathological
feature, a knowledge of which offers a
keen insight into the gross anatomical
changes of the hollow viscera.

The radiographic demonstration of
such abnormalities appears so char-
acteristic that it should also serve as a
corroborative examination, and materially
reduce the number of errors of the
less experienced workers in the radiological

freld.
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