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I. Introduction

While the radiographic and endoscopic examinations have routinely been employed in the
study of the esophagus, the scintigraphic examinations to this organ have scarcely been reported.
The articles so far reported include the detection of Barrett’s esophagus with the intravenous use of
#mT¢e pertechnetate!®®, the dynamic study of the esophagus with the oral use of **mT¢ pertecnetate?),
and the tumor imaging with Ga citrate®,

In this paper, a new scintigraphic method is proposed to detect the esophageal mucosal lesions
with the use of a tracer radionuclide, 3 cups of water, and a gamma camera. This method is termed

the “**»T'c pertechnetate coating and wash-out esophageal scintigraphy (**=Tc-CWES)?.

II. Materials and Methods

The *™Tc-CWES is based on a theoretical concept that where the esophageal mucosa is
pathologically deviated from the normal mucosal alignment, the radioactive tracer orally coated might
be higher in this region than in the normal mucosa, and the lesion could he detected as the hot spots in the
scintigraphic image after the whole esophageal tract is washed out by the water,

Nine adults with no evidence of the esophageal diseases were studied to learn the normal pattern
of the scintigraphic image. Seven patients with esophagitis due to the reflux or the unknown
causes, 15 patients with radiation esophagitis, 10 patients with esophageal cancer and 5 patients with
other esophageal diseases were then studied. The conventional harium roentgenographies were
performed in all patients. The endoscopic examinations were also performed in all patients except 9
normal subjects, & with radiation esophagitis and one with esophageal diverticulum. The radiog-
raphic and endoscopic examinations were performed at least within 7 days before or after the
9mTe-CWES,

Without any special preparation, the subject stands in front of the gamma camera RC-1C-1205 in
upright position. The whole tract of the esophagus from the orfice to the esophagogastric junction is
imaged with the use of a diverging collimator. A radioactive drink of 2 to 5 mCi **®Tc pertechnetate
in a volume of 1 to 2 ml is prepared in a paper cup with a suitable lead shielding. The subject is
instructed to hold the drink in his mouth and to swallow it with the sign. Its passage through the
esophagus is observed on the monitor scope and the first imaging is performed immediately after the
top of the drink come into the stomach. The transit time from the beginning of swallowing the
tracer to the entrance of it into the stomach is also measured. The second imaging is taken after the oral
administration of water in a volume of 30 ml. The third and the fourth images are obtained after the
serial administration of the same volume of water, Fifty thousand counts were accumulated for each
image. Hereafter, the first image is named the “coating image” and the second, the third and the

fourth image is termed Ist, IInd and IIIrd “wash-out image” respectively.,
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III. Results

I. Normal esophagus

The tansit time was in the range of 3 to 7 seconds. The coating image showed 2 to 3 hot spots of
radioactivity in the cervical and/or middle and/or lower esophagus with the constant hot spot in the
recessus piriformis. These hot spots in the esophagus decreased with the repeated water administra-
tion (Fig. 1).

Almost all hot spots disappeared in the first wash-out image in one subject. They disappeared

in the second wash-out images in 3 subjects, and in the third images in 3 subjects. The warm cervical

r
ARy
9
=g
@ (

b)
C))
The coating image (a) shows 2 highly radioactive areas in the esophagus (arrowheads), and the first (b),

the second (c), and the third (d) wash-out images show the gradusl disappearance of the residual radioac-
tive spots_in the esophagus.
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Fig. 1. Images of the normal esophagus.
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radioactive spots found in another 2 subjects in the third wash-out images might localize to the physio-
logically constricted portion of the cervical esophagus. In summary, the esophageal hot spots found. in
most of the normal subjects disappear or become faint in the third wash-out images,
2. Esophagitis

1) Esophagitis due to reflux or unknown causes

The transit time was in the range of 3 to 9 seconds in 5 patients, and more than 60 seconds in 2
patients whose coating images showed the blocked passage of the radioactive tracer at the lower end of the
esophagus. In these 2 patients, the radiographic examination showed no mechanical obstruction due to
the tumor or the extrinsic pressure. The area where the tracer remained was revealed the esophagogas-

tric junction, and this blockade could be ascribed to esophageal aperistalsis (Fig. 2a).

(a) (b)
Fig. 2. Images of reflux esophagitis.
The coating image (a) shows the blockade of radioactivity at the lower region of the esophagus which is
probably due to aperistalsis. The transit time is over 60 scconds, The third wash-out image (b)

shows 2 residual radioactive spots, where the inflammatory lesions were found by the endoscopy (arrow-
heads).

The wash-out images (IIIrd or IInd) in this group showed the residual radioactive spots in the
inflammatory lesions (Fig. 2b). Their residual radioactive spots became faint at the second studies
performed when their symptoms such as heart burn, substernal pain and dysphagia were subsided
and their radiographic and endoscopic findings were improved (Fig, 3).

The scintigraphic and endoscopic examinations revealed the presence of esophagitis in all 7 pa-
tients. But in 2 patients, the barium studies proved no abnormal findings such as the thickened folds,
the serrated margins and the narrowed lumens (Table 1),

2) Radiation. esophagitis

The patients in this group, 14 lung cancers and a malignant thymoma, were all received the
radiation therapy to their mediastinum. The radiation dose given by a 10 MV X-ray linear accelerator

ranged from 2,100 to 7,200 rad when a diagnosis of esophagitis was made. They usually coraplained of
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Fig. 3. A 37-year-old man complaining of substernal pain which is aggravated by swallowing.

Two residual radioactive spots (arrowheads) are demonsirated on the third wash-out image at the first
examination (a). The endoscopy proved acute esophagitis at the upper region and chronic esophagitis
av the lower part of the esophagus. At the second examination performed 2 months later, eackh residual
radivactive spot is less intense than that of the first imaging (b). Thickened esophageal folds found in
the first collapsed mucosal radiograph (c) disappeared in the second one (d).
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Table 1. Results of 3 types of diagnostic methods in patients with esophagitis.

Number
Cause of #mTe-CWES Radiography Endoscopy
patienc  POS*  NEG** POS NEG POS NEG
Reflux & unknown cause 7 7 0 5 2 7 0
Radiation
confirmed ° 7 7 0 3 4 7 0

not confirmed ®° 8 8 0 7 1 - -

*examination positive
**examination negalive

“endoscopically confirmed
““endoscopically not cofirmed

heart burn, substernal pain, burning pain on swallowing and dysphagia. Some patients received
the “mTc-CWES hecause of their high radiation dose.

The transit time was in the rage of 2 to 8 seconds and no significant difference was observed
comparing to those of the normal subjects. Seven patients received the **"Tc-CWES before the
mediastinal irradiation. The findings of their wash-out images (IIIrd or Ilnd) at that time were as
follows: no hot area in the esophagus was observed in 4 patients, a small residual radioactivity at the
cervical portion was observed in 2 patients and the radioactivity in the whole tract of the esophagus was
proved in one patient. The latter patient had been already proved to have esophagitis in the
entire tract before he received the mediastinal irradiation.

Abnormal residual radioactivities were demonstrated in the wash-out images (IIlrd or IInd) in 7
patients whose radiation esophagitis were endoscopically confirmed. The length of the residual hot
areas maiched to the longitudinal size of the irradiation fields in 4 patients, and it was longer than
those of the irradiation fields in 3 patients. In another 8 patients with no endoscopic exminations, the
residual radioactivities were also noticed. Their length matched to their irradiation fields in 4
patients, and was longer in 4 patients.

In 7 patients who had been performed the **mTc-CWES before the mediastinal irradiation, both
wash-out images before and after the irradiation enabled us to confirm the appearance of the new
abnormal residual hot areas in the postirradiation images (Fig. 4). The barium studies did not
prove the presence of esophagitis in 5 of 15 patients (Table 1).

3. Esophageal cancer

The length of the lesion in this group was ranged from 4 to 16 cm (6.7 cm mean) on the radiograph.
The transit time did not show remarkable difference from those of normal subjects except 2 patients
whose transit time were over 60 seconds because of the extremely narrowed esophageal lumen,.

Table 2 shows the results of 3 types of examination methods performed before the radiation
therapy. One patient (I.H.) whose examination was performed after 3,400 rad irradiation is included
in this table. The high radioactive spots in the wash-out images (IIIrd) were found above the
esophageal lesions in 2 patients (MLK. and Y.N.). The lesions themselves were low radioactive because
of the strong esophageal constriction. The residual radioactivities in and above the lesion were
presented in one patient (Fig. 5 H.U.),

In the wash-out images (IIIrd) of 7 patients, the lesions were delineated as hot areas and the other
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Fig. 4. A 69-year-old man with lung cancer whose primary lesion and mediastinum were irradiated.

The third wash-out image taken before the irradiation (a) shows no significant residual radicactivity. At
the mediastinal close of 5,800 rad, he complained of burning pain on swallowing and dysphagia. The
wash-out image (IIIrd) at this time (b) showed considerable radicactivity in the whole esophagus. Two
spois in the left pulmonary region indicate the longitudinal range of the irradiation field. The endo-
scopic examination proved ihe inflammatory process of the whole esophagus. But the apparent change
in the radiographs of before (¢) and after (d) the irradiation was not observed.
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Fig. 5. Images of esophageal cancer,

The coating image (a) shows the retention of the tracer in the recessus piriformis and in the area above
the tumor. The cancer itself is revealed as the defect. The wash-out image (b) shows the slight reten-
tion of the tracer above the tumor and the residual radioactivity (arrowhead) in the area corresponds
to the ulcer of the tumor. The radiograph (c) supports these findings.
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Table 2. Results of 3 types of diagnostic methods in patients with esophageal cancer.

#mTe-CWES

Patient Area above Radiography Endoscopy
lesion Lesion
M.K. hot cold funnel type not visible
by stenosis
Y.N. hot cold spiral type not visible,
ulcer formation
H.U. hot hot spiral type ulcer formation
S.H. cold hot spiral type ulcer formation
K.I cold hot serrated type ulcer formation
[.H. cold hot serrated type ulcer formation
M.K. cold hot serrated type ulcer formation
T.5. cold hot spiral iype ulcer formation
A 1 b cold hot spiral type ulcer formation
H.T. cold hot serrated type ulcer formation

esophageal tracts as cold areas. The ulcer formations of the tumors were found in these patients by
the radiographies and the endoscopies.

In the follow-up studies during or after the radiation therapies in 6 patients, the resicual
radioactivities were decreased in number and grade along with the improvement of diseases. In one
patient, who complained of burning pain on swallowing during the radiation therapy, the residual
radioactivity was found in the same extent as that of the irradiation field. It suggests the presence of
radiation esophagitis which could not be detected by the radiographic examination (Fig. 6).

4. Other esophageal diseases

The residual radioactivities in the wash-out images (I1Ird) could not be detected in 2 patients with
esophageal diverticula, in 2 patients with varices and in one patient with a submucosal tumor (Fig, 7).
The transit time in one patient with a diverticulum was more than 60 seconds and his coating
image showed a wedge-like blockade of the tracer at the lower end of the esophagus. The fact

could suggest aperistalsis of the esophagus.

IV. Discussion

The **=Tc-CWES described in this paper is considered to be a simple, non-invasive and clinically
valuable method in the study of the esophagus. Present studies of the normal subjects and of the
patients with esophagitis or esophageal cancers showed that the third (second in some patients) wash-
out images were quite useful in finding the esophageal mucosal lesions. In a few normal subjects,
the slight resicdual radioactivities were found at the cervical region of the esophagus even in the third
wash-out images. By comparing the scintigraphic images to the radiographic ones, these radioactivities
were assumed to locate the physiologically constricted areas of the cervical esophagus. The endoscopic
confirmation of this area has not been made.

It is generally reported that superficial or mild esophagitis rarely causes the detectable morphol-
ogical changes in the radiographs®™®, 1In 6 of 14 patients in this series whose esophagitis were confi-

rmed by the endoscopies, the presence of esophagitis could not be detected by the barium studies,
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) (d)

Fig. 6. A 74-year-old man with the serrated type of esophageal cancer.
The wash-out image (I1Ird) taken before the radiation therapy (a) shows the localized residual radioac-
tivity where the lesion is proved by the radiograph (c). He complained of burning pain on swallowing
when his mediastinal dose came up to 4,000 rad., The wash-out image (IIIrd) at this time (b) revealed
the localized residual radioactivity of which length corresponded to the irradiation field. It was less intense
than the one obtained before the irradiation. Radiation esophagitis could not be detected in the radiog-
raph at this time (d).
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(b

Fig. 7. The image of submucosal tumor. Radiograph (a) demonstrates a smooth filling defect in the
lower end of the esophagus which is caused by a submucosal tumor. No residual radioactivity is shown
in the wash-out image (b).

On the other hand, the presence of esophagitis was shown by the "2Tc-CWES in all these patients.
Therefore, this procedure seems to be more sensitive than the radiographic examination for detecting
esophagitis.

The diffusion of “*=T'c pertechnetate into the inflammatory tissue and the attachment of the tracer
to the impaired mucosal texture are considered to be the principle of producing the residual hot
spots. Both images obtained before and after the mediastinal irradiation enabled us to detect the
presence of esophagitis. The new residual radioactive spots in the postirradiation wash-out irnages
were the confirmative findings of irradiation esophagitis.

In esophageal cancers, the coating images showed the retention of the tracer above the lesions to the
degree of the luminal narrowing. Their wash-out images (IIIrd) demonstrated the hot spots in the
lesions except in 2 patients with almost complete obstruction of the lumen. The hot spots were
considered to be the residual radioactivities in the ulcerative surface of the tumors. The method

therefore is also useful for assessing the degree of the improvement of the obstruction and the
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ulceration, The diagnostic value of this method for detecting early esophageal cancers is not yet
certain because such a case is not included in this study. However, if most of early esophageal
cancers appear in the plaque or the flat sessile polyps®, and il they lack in the mucosal roughness or
the ulcer formation, the diagnostic role of this method might not be so great.

In the other esophageal diseases such as diverticula, varices, and submucosal tumors, the wash-out
images showed no significant residual radioactivities in the lesions. They must be ascribed to the
intact mucosal surface in these diseases. Therefore, the *2Tc-CWES could be used in determining
whether the radiographically proved lesions are mucosal or not.

Another application of this coating technique is the dynamic study ol the esophagus. Especially
the functional disorders such as achalasia or aperistalsis accompanied by esophagitis'® could easily
be detected. The use of a computer system along with this scintigraphic technique, as reported by

Kazem®, will offer the detailed functional data of the esophageal disorders,

V. Conclusion

A new scintigraphic method of detecting the esophageal mucosal lesions, named the *mTc.CWES,
was proposed. The method seems to be more sensitive than the radiographic examination in detecting
esophagitis and the functional as well as the mechanical obstruction of the esophagus, Furthermore,
the method may be valuable to determine whether the radiographically proved esophageal lesions

are mucosal or not,
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