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Methodsâ€”A 10-Year Experience
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Ten years' experience

with pertechnetate

(Tc-99m)

abdominal scintigraphy has

shown that the method is specifically indicated for the diagnosis and location of
ectopie gastric mucosa in a Meckel's diverticulum, in enteric or gastric duplica
tions and cysts, and in Barrett's esophagus. Careful patient preparation is essen
tial, and sequential gamma camera imaging for 1 hr in the anterior projection is ad
visable, with complementary lateral, upright, and postvoiding views. Nonspecific
accumulations of the tracer within tumors, intestinal obstructions, arteriovenous
malformations, and the urinary tract can be recognized with the help of the clinical
history and can be investigated by other tests. This approach has raised the accu
racy of the method above 90%.

J NucÃ-Med 22: 732-738, 1981
Ten years' experience with pertechnetate scintigra
phy for the diagnosis of ectopie gastric mucosa in
bleeding Meckel's diverticulum and other congenital
anomalies has proven the validity of this method (/ ). In
1967, Harden et al. (2) proposed the use of this tracer
for the noninvasive diagnosis of Meckel's diverticulum
containing ectopie gastric mucosa. In 1970, the method
was introduced into clinical practice by Jewett, Allen,
Duszynski, and Anthone (3-5). Many reports followed
about this method or its clinical significance, experi
mental studies were performed in animals, and the
method was utilized to diagnose Barrett's esophagus.
Abdominal imaging with pertechnetate has become
an established procedure in children and adults. Careful
patient preparation and a standardized technique based
on sequential gamma camera imaging has resulted in an
overall sensitivity of 85%. Experience in differentiating
"nonspecific" accumulations of pertechnetate from true
ectopie gastric mucosa has increased the specificity to
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95%. In view of all the studies reported (954) with a
surgical or clinical diagnosis, the accuracy of the method
is calculated at 98%. When only surgically proven cases
are analyzed, the calculated accuracy is 90% (/).
Since the clinical introduction of the pertechnetate
aniÃ³n(99mTcO4~) (6), it has been known to be concen
trated by the gastric mucosa (2,6), and its accumulation
by the mucoid cells is the basis of this test. The effects
of drugs and hormones on the test have been studied in
animals and in patients. There is evidence suggesting that
an improvement can be achieved by the use of cimetidine, pentagastrin, or glucagon.
The current knowledge on the pathophysiologic
mechanisms involved and the past clinical experience
with pertechnetate abdominal imaging have been the
subject of a previous publication (/). The present paper
describes the clinical indications, the most effective
methods, including patient preparation and techniques
of imaging, principles of interpretation, and the radiation
exposure of the patient from radiopertechnetate.
INDICATIONS
The most frequent indication for pertechnetate ab
dominal imaging has been hematochezia (fresh blood
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in the stool), less frequently melena, occult blood in the
stool, anemia, or abdominal pain. The study is performed
to reveal the existence of certain congenital aberrations
containing ectopie gastric mucosa, complicated or
manifested by gastrointestinal bleeding or abdominal
pain. The most common of these is a bleeding Meckel's

i.v. 10 min after injection of the tracer) (38,39), to pre
vent peristaltic removal of pertechnetate from the region
of the lesion. The patient is instructed to empty the bowel
and the bladder (21) if possible. Gastric suction after
intubation is recommended by some authors (40-42),
but it is not generally needed for the 60-min protocol
diverticulum.
(14,21 ). A marker may be placed on the symphysis pubis
Meckel's diverticulum is a congenital outpouching for original positioning but is unnecessary once the
usually located in the distal 100 cm of the ileum, a bladder is visualized.
remnant of the omphalomesenteric duct of the embryo
Technique. A rectilinear scanner can be used, and as
(/). It occurs in 1-3% (7) of the general population, but many scans as possible should be acquired over a 1-hr
only 25-40% produce symptoms (8). Of the symptom
period. Serial imaging with a gamma camera with
atic Meckel's diverticula, 57% contain ectopie gastric high-resolution collimation is more advantageous
mucosa. Significant acid-peptic secretion may lead to (30,43,44). The patient is placed supine under the de
complications because of severe bleeding due to ulcÃ©r tector, with restraint if needed for an infant or young
ation of the unprotected adjacent intestinal mucosa (9), child. Some investigators prefer the prone or the left
less commonly, perforation (10) and obstruction, and decubitus position (45). The lower chest and the entire
occasionally pain (9). Bleeding as well as other compli
abdomen are monitored in the anterior projection. An
cations from a Meckel's diverticulum are much more intravenous injection of 30-100 /Â¿Ci/kgof pertechnetate
common in the young, and more than 50% occur by the (Tc-99m) is given, followed by a dynamic study of the
age of 2 yr (9). Diverticulitis, enteroliths (11,12), and abdomen at 1- to 5-sec intervals for 30-60 sec to examine
intestinal obstruction complicating Meckel's diverticu
blood flow and blood-pool patterns. Static images of the
lum are usually unrelated to ectopie gastric mucosa, abdomen are then taken at 5- to 10-min intervals for 60
min. Accumulate 350,000-500,000 counts for the first
although it may be present incidentally (9).
Ectopie gastric mucosa can also be found in gastro- image with appropriate film intensity setting, and use
genie cysts (13), enteric duplications (14-17), duplica
the same time and intensity for subsequent images.
tion cysts (18,19), in an otherwise normal small bowel
Lateral images are routinely recorded at 30 min and
(20,21), or in Barrett's esophagus (22). Similar com
1 hr, or as needed to define renal activity (30,43). Up
plications may occur through acid-peptic secretion of the right anterior and oblique images can assist in differ
ectopie tissue.
entiating duodenal (immobile) from ectopie gastric
Obstructed loops of bowel (23), intussusception mucosa activity (responsive to gravity). Postvoiding
(3,4,23), inflammatory lesions (16,23-25), arteriove- images (anterior, lateral, or oblique) are needed to define
nous malformations (20,26,27), ulcers (16), and some accumulations of activity in the vicinity of the ureters
tumors of the bowel (28,29), along with urinary-tract
and particularly the bladder (41). A vertical posture
abnormalities, have been related to pertechnetate ab
between images helps to empty the renal pelvis and the
dominal imaging because of nonspecific accumulation
ureters.
of the pertechnetate.
Of all the above, the clinical suspicion of bleeding
ectopie gastric mucosa in a Meckel's diverticulum is the
principal indication for pertechnetate abdominal
imaging, since this condition is nearly always missed by
radiographie methods, including angiography (3032).
METHODS

Patient preparation. Fasting for several hours is nec
essary (33). Barium studies (21,30), proctoscopy, and
drugs with an effect on the gastrointestinal tract (23)
should be deferred, if possible, for 2-3 days before the
study, although some investigators find this to be un
necessary (14,21). Perchlorate should not be given be
fore the test (34,35). Pentagastrin (6 Mg/kg subcutaneously before injection) (36) may be used to stimulate
uptake in gastric mucosa, and cimetidine (300 mg/day
for 2 days before the study) (37) or glucagon
Volume 22, Number 8

FIG. 1. Negative pertechnetate scintigrams in a 5-year-old boy at
10 min (a), 20 min (b), 40 min (e), and 60 min (d) after injection of
pertechnetate.
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FIG. 2. Negative scintigrams in a 4-year-old girl showing duodenal
and jejunal activity at 20 min (a) and 50 min (b) after pertechnetate
injection.

Interpretation. The negative image (Fig. 1). With a
gamma camera and high-resolution collimator, the
anatomy of the different organs in the field of view can
be recognized. The blood pools of the heart, liver, spleen,
kidneys, and large vessels are visualized and become less
evident with time. Photon-deficient areas from air within
the stomach or bowel can be appreciated. The urinary
bladder, if full, appears originally as a photon-deficient
region and gradually becomes radioactive due to ex
cretion of pertechnetate. The kidneys and ureters may
become distinctly active when obstructed. The most
prominent accumulation of radioactivity occurs in the
stomach; it begins to appear usually during the first 10
min and increases in intensity, whereas the rest of the
abdominal activity declines. The duodenum usually
becomes visible slightly later and should not be confused
with ectopie mucosa (46); this is commonly followed by
visualization of the jejunum and occasionally the ileum
(Fig. 2). Unusually early, prominent accumulation of
activity in the ileum or the colon may occur as a result
of normal digestion if the patient has eaten recently, or
as a result of an intestinal inflammatory process (Fig.
3).
The positive image. Any accumulation of radioac
tivity that cannot be attributed to an organ (normal or
abnormal) should characterize the study as abnormal;
it may be attributed to the presence of ectopie gastric

FIG. 3. Scintigrams from a child with enteritis, showing small-in
testinal activity at 20 min (a) and 60 min (b) after pertechnetate in
jection.
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FIG. 4. Typical positive scintigrams in a child with a bleeding
Meckel's diverticulum that contained ectopie gastric mucosa; 10
min (a), 20 min (b), 30 min (e), and 50 min (d) after pertechnetate
injection. Arrows indicate lesion.

mucosa or to a "nonspecific" accumulation due to other
intra-abdominal disease.
Ectopie gastric mucosa in a Meckel's diverticulum.
There are characteristics that may strongly support this
diagnosis:
1. Usually the hyperactivity is prominent, rounded,
and of small size (Fig. 4).
2. It appears simultaneously with that in the stomach,
usually between 10 and 20 min after injection, and per
sists throughout the study, increasing in intensity parallel
to the intensity of the stomach (Fig. 4). Occasionally the
activity fluctuates, probably because of a "washaway"
effect of the intestinal secretion or hemorrhage.
3. It may be located anywhere in the abdomen but
more commonly is in the right lower quadrant.
4. It may change position in the abdomen (37,47)
after the patient is raised or turned (Fig. 5), or has voided
(Fig. 6). We recommend that upright anterior and
oblique views be obtained to differentiate ectopie mucosa

FIG. 5. Positive scintigrams showing a Meckel's diverticulum (arrow)
that changes position in the abdomen, (a) at 30 min; (b) at 45
min.
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FIG. 6. Positive scintigrams with focus of activity associated with
the left upper margin of urinary bladder (a). Lesion follows bladder
after voiding (b). Intravenous pyelogram and cystograms were
normal; ectopie gastric mucosa was present in excised Meckel's
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FIG. 8. Anterior (a) and right lateral (b) images showing renal pelvic
activity (open arrow) to be retroperitoneal. S = stomach.

diverticulum.

from the activity of the duodenum. The former drops, epithelium. Dysphagia, "heartburn," rÃ©gurgitation,and
as the free intestine follows gravity unless adhesions are bleeding may occur. Carcinomatous transformation of
present, whereas the latter maintains its position (Fig. the columnar epithelium has been reported (49).
Although rare in children, Barrett's esophagus can be
7).
5. The diverticulum is intra-abdominal; if visible on detected by pertechnetate imaging (Fig. 10) when cells
a lateral view, it will be located anteriorly, in contrast to of the gastric mucoid type are present (50). The tech
the retroperitoneal urinary-tract structures (Figs. 7 and nique is different in that continuous suction of the ra
dioactive saliva from the patient's mouth is indicated,
8).
6. The lesion is single, although more than one area if the patient cannot avoid swallowing his saliva. Activity
of ectopie mucosa in different parts of the bowel is pos ccphalad of the stomach indicates the existence of
sible (21). Gastric mucosa may exceed the limits of the esophageal gastric-type mucosa (13,51-53) involving
Meckel's diverticulum and spread in the adjacent bowel, the lower segment, and frequently extending to the
producing a large, low-intensity lesion on the scan (Fig. middle, and occasionally to the upper segment (22). It
must be differentiated from hiatal hernia and gastro9).
Ectopie gastric mucosa in other than Meckel's di- esophageal reflux (13,51). Scintigraphy detects true
ectopie gastric mucosa containing mucus-producing
certiculum. Islands of ectopie gastric mucosa in other
wise normal bowel also produce abnormal scintigrams cells, which, if not abundant, may result in normal im
(27). A few cases of abnormal scintigrams from ectopie ages (54). Parietal cells are not necessary for an abnor
gastric mucosa in enteric duplication and duplication mal image (53). Metaplasia of the esophageal epithelium
cysts have been described (Â¡4-17,19,48). The hyperactivity was small and focal (14,19,48) or large (15,17)
depending on the size of the abnormality. Gastrogenic
cysts may show mediastinal accumulation of activity on
pertechnetate imaging (13). Surgery will be likely in all
these cases.
Barrett's esophagus. In this abnormality, the mucosa
of the esophagus is lined with columnar epithelium of the
gastric type instead of the normal stratified squamous

FIG. 7. Positive scintigram showing a focus of activity (arrow) in
duodenum (a). Upright anterior image (b) shows normal activity to
have moved caudally (distance from stomach increased); lateral
image (c) shows lesion to be intraperitoneal. Child had a Meckel's

FIG. 9. Abdominal scintigram at 60 min after pertechnetate injection,
showing prominent midline activity in lower abdomen (arrow). Ec
topie gastric mucosa was found to exceed the limits of a Meckel's

diverticulum with ectopie gastric mucosa.

bladder.

Volume 22, Number 8

diverticulum,

spreading into the adjacent bowel wall. B = urinary
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Authors of large series have found "nonspecific"

FIG. 10. Barrett's esophagus (arrow) visualizing on pertechnetate
scintigram. T = thyroid gland; M = marker at level of xiphoid.

does not produce an abnormal scan, as we have found in
two cases.
False-positive pertechnetate studies. "Nonspecific"
positive images may occur, although they are uncommon
(27) and they do not consistently result in positive
findings (55).
1. Peptic ulcÃ©ration
(14) may show up most probably
due to hyperemia or active bleeding (76,25). We have
no personal experience, but we would expect that the
image would be prominent early and would fade between
20 and 30 min. Other tests are more specific for this di
agnosis.
2. Intussusception (3,4,23,56), intestinal obstruction
(5,23,57), regional enteritis (24,25), and localized in
flammation (16,23) have been reported to produce
positive pertechnetate scans. The cause should be at
tributed to hyperemia and hypersÃ©crÃ©tion
of the bowel.
The clinical picture is usually different, however, and
radiological studies may provide a more specific diag
nosis. When visualized, the lesions on scintigraphy are
much larger than the typical Meckel's diverticulum (27)
and assume the configuration of the segment of the bowel
involved.
3. Arteriovenous malformations (20,27), hemangiomata, and some tumors (28,29) can cause positive
images. Again, increased blood flow or blood pool is the
most likely cause, and the dynamic early appearance at
the beginning of the pertechnetate study may help in
differentiation.
4. Urinary tract abnormalities (25), such as hydronephrosis, extrarenai pelvis, ectopie kidney, hydroureters,
vesicoureteral reflux, and bladder diverticula may pro
duce positive scans that are very confusing in the anterior
projection. The dynamic study and lateral, postvoiding,
and upright images can lead to a correct diagnosis. Oc
casionally, excretory urograms, renal scintigrams, or
retrograde studies may be needed to confirm the scintigraphic findings.
736

positive images to be uncommon and a minor problem
in interpretation of the scans (27,55). The above com
pilation of nonspecific lesions comes from individual case
reports. Certainly pertechnetate imaging is not a method
for the diagnosis of these abnormalities (27,41 ).
False-negatice studies and increased reliability with
drugs. With the best technique, the sensitivity of the
method is approximately 85% (7). False-negative studies
occur because:
1. UlcÃ©rationand hemorrhage may occur without
gastric mucosa (erosion from stones) (70).
2. The ectopie gastric mucosa may be insufficient in
mass (inherently (58), or after necrosis) or function
(impaired blood supply) to be visualized.
3. Dilution and "wash-away" of the activity by hem
orrhage or bowel hypersÃ©crÃ©tion
diminish localization.
4. Suboptimal techniques or overlapping organs
(bladder, duodenum) obscure the picture.
The clinical use of pentagastrin (36) and/or glucagon
may reduce the number of false positives;cimetidine may
also be effective, but reportedly (37) requires 1-2 days
of pretreatment; injectable cimetidine may prove clini
cally more useful. Further experience is necessary to
establish indications for their routine use.
DOSIMETRY

Technetium-99m has a half-life of 6 hr and decays by
gamma emission (140 keV). An internal conversion close
to 10%adds to the overall radiation exposure from this
radionuclide.
It is calculated that the radiation dosimetry for the
total body is in the range of 13 mrads per mCi in the
standard man. The target organsâ€”thyroidgland, gastric
mucosa, and large-intestinal mucosaâ€”receive, respec
tively, 270, 100, and 150 mrads per mCi (6,59).
The thyroid gland can be protected by use of potas
sium perchlorate after the examination. Considering the
specificity and the sensitivity of the method, the expo
sure, equivalent to approximately 20 sec of x-ray fluoroscopy (60), is acceptable, particularly because no other
method is as accurate (30-32,61 ). The study is accept
able to the Nuclear Regulatory Commission and the
Food and Drug Administration and docs not require a
special informed consent (60).
CONCLUSION

Pertechnetate abdominal imaging has become a
routine test in nuclear medicine practice. The overall
accuracy of 98%, experienced in all series and cases re
ported, and in 90% when surgically proven cases were
analyzed, has proven the validity of this method (7). A
sensitivity of 85% (surgically proven cases) calls for
further work to improve the technique. The clinical use
of gut hormones (glucagon or pentagastrin and glucaTHE JOURNAL
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gon) or H2 blockade by cimetidine will probably improve
the sensitivity, as indicated by experimental work in
animals and a few tests in patients.
The test should be performed after careful patient
preparation,
sequential 1-hr imaging with multiple
scintigrams in different views, and informed interpre
tation, as described above. It is the only specific test to
diagnose ectopie gastric mucosa, the surgical removal
of which will cure patients suffering from serious and
life-threatening
hemorrhage.
Clinical experience,
however, has indicated that false-positive studies can
result from technical errors or from interpretation of the
images without knowledge of the patient's clinical con
dition and without the help of the information
adjunctive radiologie examination needed
cases.

from the
in some
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COMPUTER COUNCIL
AND
INSTRUMENTATION COUNCIL MEETING
DIGITAL MEDICAL IMAGING IN THE FUTURE
January 26-27, 1982

Phoenix, Arizona

The Computer and Instrumentation Councils of the Society of Nuclear Medicine will meet January 26 and 27,1982,
in Phoenix, Arizona.
A topical symposium on Digital Medical Imaging in the Future is being sponsored by the Councils. It will consist of
invited presentations, contributed papers, and active attendee discussion. There will be only one session presented
at a time. The abstracts of the meeting will be available prior to the meeting. The proceedings of the meeting will
be published.
The Councils welcome submission of abstracts from members and nonmembers of the Society of Nuclear Medicine.
Abstracts of 300 words should contain a statement of purpose, the methods used, results, and conclusions, as well as
the title, and author's name and full address. Abstracts may be accompanied by supporting data.
Original abstracts and supporting data should be sent in triplicate to
Barbara Y. Croft, Ph.D.
Department of Radiology, Box 170
University of Virginia
Charlottesville, VA 22908
Tel: (804)924-5201
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