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In this country carcinoma of the stomach has a poor prognosis,
and this is largely attributable to the lateness and difficulty of
diagnosis. Deaths from this condition, according to the
Registrar-General (1966), totalled 13,000 in 1964. Though
radiology is still the sheet-anchor in the diagnosis of gastric
disease, it has its limitations. Therefore supplementary tech-
aiques are required to close the diagnostic gaps.

In the Middlesex Hospital, in addition to the radiology
department, there are experienced cytologists and a gastro-

camera unit. We have carried out a prospective study to

evaluate the individual and combined accuracy of radiology,
;)ybology, and gastrophotography.

Alethod

Design.-All patients in this series had been referred either
to exclude or confirm the presence of a gastric lesion. They
had all previously undergone a routine barium-meal examina-
tion. After overnight starvation gastrophotography was per-
formed, followed immediately by gastric lavage for exfoliative
cytology.

Radiology.-All the barium-meal examinations in this series
were routine, the great majority being made at this hospital.
After gastrophotography and exfoliative cytology had been per-
formed the x-ray findings were reviewed in the light of the
results.
Gastrocamera.-The Olympus gastrocamera was pioneered in

Japan 15 years ago, and is now widely used there. Recently it
has been introduced into Great Britain by Hadley (1965), who
has described the instrument and its advantages and dis-
advantages. Twelve hours' starvation is sufficient to ensure
satisfactory results, except in patients with pyloric stenosis,
where additional gastric aspiration is required. One hour before
the examination the patient is premedicated with Omnopon
20 mg. and scopolamine 0.4 mg., and 20 minutes beforehand
is given an anlethocaine lozenge to suck. The gastrofilms were
viewed independently and then discussed before a final diagnosis
was made.
Cytology.-Immediately after gastrophotography has been

performed a Ryle's tube or No. 14 Levin's tube is passed,
preferably through the nose, into the stomach and the gastric
contents are aspirated. Aspirations are repeated during the next
hour and a half, and the patient is encouraged to spit out saliva
to avoid contamination. The stomach should now be empty.
Normal saline, 250 ml., is introduced via the Levin's tube,
a Dakin's glass syringe being used to maintain a relatively
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high pressure. Quantities of saline are then withdrawn aask
reinjected six times with the patient on his right side, his lef,
side, and then on his back. The whole surface of the stomach
having been flushed by this inancxuvre, the residual fluid is
aspirated. Usually the first- 250-ml. sample is contaminated
with debris and unsuitable for cytology. A second 250 ml. oi
saline is then introduced and the process repeated. The rela-
tively clear specimen that results is centrifuged immediately and
the deposit smeared on to eight ground-glass slides and fixedd
in 3 % acetic alcohol for 30 minutes. Six of these preparations
are stained by modified Papanicolaou technique, the remaining
two by mucicarmine. All slides were first screened by one
observer (M. J. C.), and then reviewed independently by a
second (J. 0. W. B.), neither observer having prior knowledge
of the clinical history. The final diagnosis was made after
consultation.

Series.--In the course of two years 100 out of 400 patients
undergoing routine gastrophotography also underwent gastric
lavage for cytodiagnosis. These were chosen because of clinical
or radiological suspicion of malignancy, and form the present
series.

Results

In 43 of the 100 patients the diagnosis was ultimately proved
by histology or laparotomy. Of these, 20 were malignant, and
in all cases malignant infiltration into the muscle layer of the
stomach had occurred. The remaining 57 are presumed not
to have malignant disease, having remained well for up to
two years, with normal appearances on barium-meal examina-
tion.

Combined Series

The results of the individual investigations are summarized
in Table I. In Table II the results are broken down to show
the numbers of patients with malignant and benign lesions for
each combination of positive and negative investigations. The
differences between the number of barium-meal examinations
in each line and the other two investigations are supplied by the
unsatisfactory examinations. Of the 20 patients with malignant

TABLE I.-Results of 100 Cases Investigated by the Combined
Technique

Malignant Disease Nonmalignant Conditions

_~~~~~~~~~~~~~__

Investigation °c>°

Barium meal 20 18 2 80 65 15 0
Qastrocamera 20 18 2 80 52 3 25
Exfoliative

cytology.. 20 14 6 80 67 2 1 1

83%
70%
81%
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disease (summarized in Table III) only one was missed by all
three investigations (see Table II). This was a 54-year-old
woman who presented with haematemesis. Barium-meal
examination showed a small hiatus hernia, gastrophotography
failed to produce any pictures on this occasion, and gastric
cytology was negative. The patient was discharged well. She
was readmitted six months later with a further haematemesis,
when barium-meal examination again showed only a small
hiatus hernia. No other investigation was made, and the patient
was discharged well again. She was admitted for the third
and last time, one year after the first episode, with a further
haematemesis. This time the diagnosis of a carcinoma in the
fundus of the stomach was obvious on barium-meal examina-
tion, and there was evidence of metastases.

TABLE II.-Combined Series: Various Combinations of Findings by
the Three Investigations

Type of
Gastric
Disease

Malignant
(20 cases) l

Benign
(80 eases)

* Missed by all

Barium-neal Gastrocamera
Diagnosis

Gastric Cytology

Pos. Susp. Norm. Pos. Neg. Unsat.i Pos. Neg. Unsat.

13 1l3 11 3,

~~~28 1

4 13 4

41 41 34 7

22 22 19 3

2 2t 2

11 three investigations.

TABLE III.-Analysis of Conditions Based upon Histological Diagnosis
in 20 Cases

Primary carcinoma of the stomach .. 16
Secondary carcinoma involving the stomach 2

Reticulosiss.

All the other 19 patients with malignant disease had at least
two- positive investigations.
Of the 80 patients with benign conditions summarized in

Table IV 70 had at least two satisfactory normal investigations,
as seen in the lower half of Table II.

TABLE IV.-Analysis of Non-malignant Conditions Based upon the
Barium-meal Diagnosis in 80 Cases

Benign gastric ulcer . . 27
Prepyloric ulcer .16
Pyloric obstruction. 3
Abnormal rugae on greater curve . 4
Abnormality of lesser curve .. 7
Filling defect or other mucosal abnormality 4

Benign tumour. 5
Partial gastrectomy .6

No abnormality demonstrated 8

Gastrocamera

A correct diagnosis was made by gastrophotography in 18
of the 20 cases of malignancy (Tables I and II). The other
false-negative diagnosis was in a 55-year-old woman, in whom
the barium-meal examination showed a prepyloric ulcer sugges-

tive of malignant infiltration. After gastrophotography a

definite opinion was expressed that the ulcer looked benign. On
review it was impossible to reverse this opinion. Subsequent
cytology showed malignant cells, and the patient underwent
gastrectomy. Histology showed poorly differentiated adeno-
carcinoma.

In three patients gastrophotography raised a false suspicion
of malignancy, as shown in Table II.

1. The patient was a 74-year-old woman whose barium-meal
examination showed a tumour in the fundus of the stomach. On
gastrophotography it was impossible to exclude malignancy. Cyto-
logy was unequivocally negative, and subsequent histology showed
a benign connective-tissue tumour.

2. An 80-year-old man on barium-meal examination had a gastric
ulcer 3 in. (7.5 cm.) below the cardia. Gastrophotography also
showed a bleeding ulcer, the general appearance of which suggested

C
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malignancy. Cytology was negative, and follow-up barium-meal
examinations have shown the ulcer to have healed.

3. A 62-year-old man with a gastric ulcer on the lesser curve of
the pyloric antrum was admitted for operation. On gastrophoto-
graphy the ulcer was surrounded by lumpy mucosa suggestive of
malignant infiltration. Cytology was negative, and histology revealed
a benign gastric ulcer.

Of the 80 patients with presumed or proved benign conditions
15 were suspected of malignancy on barium-meal examination.
Of these adequate coverage by gastrocamera was obtained in 12,
of whom 11 were correctly diagnosed and one gave a false-
positive. The suspicious areas in the other three patients were

the fundus, high posterior wall, and lesser curve of the antrum.
In all three, however, the cytology was negative (Table II).

In addition to the four patients with an incorrect gastro-

photographic diagnosis there were also 25 whose examination
was unsatisfactory. In 16 of these this was due to inadequate
coverage by the camera, the reason for which has now

been analysed in greater detail (Blendis et al., 1967). Other
reasons for unsatisfactory results were failure to distend the
stomach sufficiently with air, inadequate cleaning of the lens,
and gastric contents obscuring the lesion.

Exfoliative Cytology

During the last two years gastric exfoliative cytology has
been carried out on 156 patients, 100 of whom were in the
combined investigation series discussed here. The results are

shown in Table I.
The false-positive rate was 2% (Table I). Neither of these

cases was confirmed histologically, although one had had a

low-grade gastric carcinoma locally resected 10 years previously.
The cytological material from these two patients was reviewed.
A marked degree of intestinal metaplasia was seen in the first
case, which had been interpreted as malignant. The second
contained highly atypical glandular epithelial cells, and even

with hindsight it was not possible to reverse the original cyto-

logical opinion. Both patients have remained well during the
follow-up period.
Of the six " false-negatives " one proved to be a carcinoma

of the pancreas invading the stomach wall but not involving
the gastric mucosa. Another was found at laparotomy to be an

inoperable metastatic carcinoma, thought to arise from a gastric
primary, but not histologically confirmed. Of the remaining
cases one was unsatisfactory for cytodiagnosis because of food
contamination associated with pyloric obstruction ; the other
three were regarded as sampling errors, as they proved to have
poorly differentiated carcinomas involving all coats of the gastric
wall. Apart from supporting the correct diagnosis in 81%
of cases, gastric cytology provided the only correct diagnosis
in four patients with a false suspicion of malignancy.

Discussion

The purpose of this study was to show the benefits of a

combined technique in diagnosing and excluding carcinoma
of the stomach in routine hospital practice. For this reason

the three methods involved were performed and interpreted as

part of the normal routine in order to paint a true picture. The
role of radiology in the diagnosis of carcinoma of the stomach
remains undisputed. The possibility of malignancy, however
slight, is often raised by the radiologist in the hope of
discovering a carcinoma at an early stage.

This inevitably results in a number of false suspicions (Table
I). Further methods of investigation are then required to

establish the diagnosis. These should be simple to carry out,

nontraumatic to the patient, and reliable enough to obviate
diagnostic laparotomy. These criteria appear to be fulfilled by
the two methods used in this study.
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Gastrocamera

The gastrocamera in our hands had an overall accuracy of
70% (Table I). This figure was severely affected by the large
number of unsatisfactory examinations. Chrysospathis (1963)
confirmed the presence of carcinoma in 93% of cases, and of
benign gastric ulcer in 95%. Hara et al. (1964) had a success

rate of 93.4% in 107 cases of carcinoma.
Gastrophotography is the latest alternative to gastroscopy.

The results of gastroscopy in the diagnosis of carcinoma vary

widely throughout the world literature. Burnett et al. (1960)
had a success rate of 78% compared with 54% for exfoliative
cytology. McDonald et al. (1964) had a success rate of 58%
compared with 93% for cytology. Ryatsep (1963) combined
gastroscopy with gastric biopsy and achieved a success rate of
96%. Morrissey et al. (1965), in a series of benign gastric
ulcers, achieved a success rate of 58% for the gastroscope and
74% for the gastrocamera. Milton et al. (1965) diagnosed 16
out of 18 carcinomas by both methods, but in addition had two
false-positives in a series of 125.
Up to the present time the gastrocamera seems to have given

more consistent results and a higher success rate than the
gastroscope. This is largely owing to the fact that the gastro-
camera is an easier instrument to master, that the permanent
record obtained allows each case to be reviewed and discussed
fully, and that as a result the interpretation of gastric films
is more rapidly learnt than the interpretation of gastroscopic
appearances.

In common with the gastroscope the gastrocamera is less
useful in cases of widespread gastric infiltration where there
is difficulty in insufflating the stomach, especially in patients
who have had a partial gastrectomy. In pyloric stenosis, how-
ever, if great care is taken over the preparation of the patient
with repeated gastric washouts over the previous three days,
good results should be obtained (Perna et al., 1965).
An empty stomach and a sedated co-operative patient provide

ideal conditions for subsequent exfoliative cytology.

Exfoliative Cytology
Exfoliative cytology has been employed in the diagnosis of

carcinoma of the stomach for many years, and various modifica-
tions have been adopted to improve its accuracy. Table V shows
the methods used and the accuracy obtained.

TABLE V.-Methods of Performing Exfoliative Cytology Arranged in
Chronological Order

Year

1948
1950
1951
1953
1953
1953

1960
1961
1963

1965

Authors

Graham et al.
Panico et al.
Imbriglia et al.
Papanicolaou et a!.

Rosenthal
Rubin et al.

Schade
Hitchcock and Scheiner
MacDonald et al.

Taebel et al.

Method

Aspiration only
Abrasive balloon
Saline lavage
Abrasive balloon
Papain
Chymotrypsin and Ringer's

solution
Saline tavage
Acrid ne orange fluorescence
Chymotrypsin and Ringer's

solution
Mucolytic agents

In our opinion simple saline lavage with a Levin's tube is
the method of choice. Not only is the overall accuracy equal
to that of more complicated methods, but also the results can

be obtained with minimum discomfort to the patient, and
without the same risk of gastric haemorrhage accompanying the
abrasive methods. The procedure is suitable for large-scale
screening programmes and for outpatient use. However, satis-
factory results are maintained only if the tests are carried out

by the same team and if the patient is adequately prepared
to ensure a clean field for operation. In this respect pyloric
obstruction creates considerable difficulty, and is a contra-

indication for saline lavage unless repeated washings have been
previously carried out for at least three days. A further diag-
nostic problem is the infiltrative lesion which, though widely
invasive, produces minimum or non-existent exfoliation.

Combined Investigations

exfoliative cytology is to provide an improved system for
diagnosing gastric malignancy.
One of the most important aspects of this series concerns

patients with suspicious barium-meal examinations. Here the
gastrocamera was not as helpful as was hoped because of in-
adequate coverage of the suspicious area in 3 out of 15 cases.

Two of these were fundal or the upper part of the stomach,
impossible to cover by gastroscopy and difficult to cover ade-
quately with the gastrocamera. By experimenting with new

camera positions, as has been suggested by Morrissey et al.
(1965), we hope to improve our results. However, the addition
of cytology has covered this relative failure and prevented
unnecessary laparotomies.
The question of how much the two ancillary techniques

affected a clinical decision is a difficult one, since these patients
were drawn from many different departments of this and other
hospitals. Those of which we are certain include one of the
two patients with false-negative barium-meal examinations and
the 20 patients with suspicious barium-meal examinations
(Table II) ; five of these were shown to have carcinoma. and in
the remaining 15 carcinoma was satisfactorily and correctly
excluded.
The important problem of screening patients with a view

to the early diagnosis of carcinoma of the stomach remains.
Using exfoliative cytology, MacDonald et al. (1964) screened
500 high-risk cases without success. In Japan, Masuda (1964),
using x-ray examination and the gastrocamera in screening
2,000 patients, discovered nine cases of malignancy in which
the carcinoma was confined to the mucosa and submucosa, an
incidence of 1 in 222. Similarly, Ashizawa (1966) found 20
early cases of carcinoma in 15,000 routine gastrocamera exami-
nations of symptomless patients, an incidence of 1 in 750. We
are hopeful that with our combined diagnostic technique we
will find early operable cases of carcinoma of the stomach. Until
such a time, however, we are unlikely to affect the five-year
survival rate of 5 to 10% for this condition.

Another method employing the fluorescent properties of tetra-
cycline was used by Klinger and Katz (1961), Cummins et al.
(1964), and Sandlow and Necheles (1964) with accuracy rates
varying from 440% to 96°,. There were, however, an appre-
ciable number of false-positives, Sandlow and Necheles (1964)
reporting 4 in 55 normal controls. Cummins et al. (1964)
thought the method less accurate than exfoliative cytology,
which they carried out in parallel.

In-vivo autoradiography was used by Ackerman et al. (1960),
who diagnosed all seven gastric carcinomas correctly in a series
of 58 patients, but also recorded three false-positives in eight
symptomatic gastric ulcers in the same group.

Summary

One hundred consecutive cases were investigated for carci-
noma of the stomach by radiology, gastrophotography, and
exfoliative cytology. Out of 20 malignancies in the series 19
were detected by at least one of the methods. In only one
of the 80 remaining cases was a false suspicion of malignancy
raised by two of the three methods. The management of 21
of the 100 patients was definitely affected by the combined
technique.

Since gastrophotography and exfoliative cytology require the
same preparation of the patient, they are performed on the
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same morning. As is essential in any screening procedure, this
is time-saving and convenient for both patients and staff.

We are grateful to Dr. C. G. Whiteside and the Department of
Radiology for their close co-operation; to Professor G. W. A. Dick
for his helpful advice and criticism ; and to Sisters Margaret
Holmes and Ann Bealey and their staff for assistance in the prepara-
tion and investigation of the patients.

Requests for reprints should be addressed to Dr. L. M. Blendis,
Department of Clinical Research, King's College Hospital, Denmark
Hill, London S.E.5.
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".t.s.I am too much i' the sun."-Hamlet.
Erythropoietic protoporphyria is an inborn error of porphyrin
metabolism characterized by an excess of protoporphyrin in the
red blood cells. The cardinal symptom is photosensitivity,
shown by an unpleasant burning sensation, usually beginning
in childhood and associated with diverse physical signs on
skin exposed to sunshine. Erythema and oedema are most
common, but urticaria, purpura, and episodes of vesiculation
and crusting are recorded. Chronic skin changes persisting
and progressing between acute attacks are most often seen on
the dorsa of the hands, especially over the knuckles, but also
on the nose, cheeks, and lips. Thickening of skin with
inconspicuous papules, pitted or linear scars, and furrows
resembling rhagades are the salient features.

According to Magnus (1965), the first known example of the
disorder is the child described by Sir Archibald Gray (1926)
as having " hydroa aestivale without haematoporphyrinuria ";
subsequently Gray et al. (1964) showed that the diagnosis was
erythropoietic protoporphyria. The part played by proto-
porphyrin was suspected by Kosenow and Treibs (1953), but
it was not until 1961 that erythropoietic protoporphyria was
clearly defined (Magnus et al., 1961). Haeger-Aronsen (1963)
reported a family with five cases in three generations. She
concluded that the trait was transmitted by a dominant gene.
This view was endorsed by other observers (Holti et al., 1963;
Gajdos et al., 1964; Redeker and Bryan, 1964; Connelly and
Creutzfeldt, 1965 ; Lynch and Miedler, 1965).

By 1965, when simple screening tests for erythrocyte proto-
porphyrin were described (Rimington and Cripps, 1965), a
number of reports suggested that the disorder was by no means
uncommon, and showed world-wide distribution. The litera-
ture has been reviewed by Lynch and Miedler (1965), Suur-
mond (1965), Goldberg (1966), and Rimington et al. (1967).
Schmid et al. (1954) divided porphyrias into two groups-

hepatic and erythropoietic-according to the main site of the
biochemical defect. In erythropoietic protoporphyria Holti
ct al. (1963) concluded that though the main defect in porphyrin
synthesis was in the bone marrow the liver might also be
involved. Gray et al. (1964), using labelled 15N glycine, con-
firmed that the liver was a site of porphyrin overproduction.
Cripps and Scheuer (1965) showed increased protoporphyrin
in liver biopsies, and emphasized that gall-bladder disease may
be an important feature. As Rimington (1963) observed, it is
reasonable to suppose that the degree of marrow and liver
involvement will vary from case to case.
The enzyme defects are not yet fully defined, but may possibly

include an increase of delta-aminolaevulic acid synthetase
activity in the bone marrow. The ability to utilize iron for
haemoglobin formation appears to be normal, and anaemia is
not a characteristic of the disorder. Protoporphyrin has been
shown in skin biopsies by Langhof et al. (1961) and by Redeker
et al. (1963). The latter group observed porphyrin fluorescence
in skin only after previous exposure to sun; Rimington (1963)
suggested that this might be due to photo-oxidation of por-
phyrinogen present in the skin. Other workers have failed
to find fluorescence in fresh skin sections (Magnus et al., 1961
Cripps and Scheuer, 1965; Suurmond, 1965; Findlay et al.,
1966).
The mechanism of skin photosensitivity in erythtopoietic

protoporphyria has been reviewed by Rimington et al. (1967).
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