
aspiration can be detected in adults using similar tech
niques. In this prospectivestudy we have attempted to
determine the feasibility of detecting pulmonary aspi
ration using TCSC in infants and children with recurrent
pulmonary disease.

METHODS

Twenty children ( 11 boys, nine girls) ranging in age
from I mo to 14 yr (ave. 30 mo) were studied. Informed
consent was obtained from the parents in each case.
Thirteen of the children were 8 mo of age or younger
(Table 1). Seventeen were referred because they had
signs and/or symptoms of respiratory disease, two were
studied in following up repair of a tracheo-esophageal
(T-E) fistula, and one had tracheal stenosis, possibly due
to repeated aspiration of gastric contents.

Infants were brought to the nuclear medicine lab
oratory at feedingtimeand weregiven500 @uCiofTcSC
mixed with infant formula or milk (60-100 cc). They
were usually fed by their mothers, and ingested the

mixture froma baby bottle.Older childreningestedthe
tracer (500 jsCi) in approximately I 20 cc of orange juice

Chronic or recurrent pulmonary disease may be
caused by pulmonary aspiration ofgastric contents fol
lowing gastroesophageal (G-E) reflux in infants and
children (1â€”5). Recurrent respiratory infections have
occurred in children with hiatus hernia (4), and in the
presence ofG-E reflux without hiatus hernia (1â€”3).A
recent study (5) suggestedthat all childrenwith recur
rent pulmonarydiseaseshouldhaveesophagealfunction
testing to determinewhetherG-E refluxwithaspiration
could be the cause.

The tests available for diagnosing G-E reflux in infants
and children include esophageal manometry, the pH
probe (Tuttle) test, and barium esophagography. Ma
nometry and the Tuttle test are more difficult to perform
than barium esophagoscopy, but the latter is a relatively
insensitive detector ofG-E reflux (5). Fisher et al. (6,7)
showed that G-E reflux can be detected with high sen
sitivity following oral ingestion of Tc-99m sulfur colloid
(TcSC), and Reich et al. (8) have shown that pulmonary
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Twenty children with respiratory disease ingested 500 iCi of Tc-99m sulfur col
bid orally,andscintigramsof the thoraxwere obtainedto determinewhetherpul
monaryaspirationof gastric contentscould be detected. The childrenrangedin
age from I mo to 14 yr; 13 were 8 mo of age or younger.Childrenwere studiedat
5 mmand4 hr after ingestionofTc-99msulfurcolloidusinga high-sensitivitycom
puter oscilloscope to record 100K-count images. Additional images were obtained
after the children had slept overnight. Five children (25 % ) showed definite pulmo
nary accumulation of activity; four of these also had a barium swallow and three
showed either pulmonary aspiration of barium or moderately severe gastroesopha
geal reflux. Oral ingestion of Tc-99m sulfur colloid provides a noninvasive means
for diagnosing pulmonary aspiration under physiologic conditions in infants and
children.
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TABLE 1. RESULTS OFPULMONARYASPIRATIONSTUDIESPatient

Age SexPresenting diagnosisAspiration study Site

CLINICAL SCIENCES
DIAGNOSTIC NUCLEAR MEDICINE

1 7 mo M Viral pneumonia NL
2 8 mo M Chronic lung disease NL

3 4 mo F Pneumonitis + RML
4 13 mo F Pneumonltis NL
5 5 mo M Pneumonitis + RUL,LUL
6 5 mo M Pneumonitis NL

7 4 mo F PostTEfistula repaIr NL
8 5 mo M PostTE fistula repair NL
9 11 yr M Chronic pneumonitis NL

10 4 mo M Pneumonitis NL

11 3 mo F Chronic cough + RUL
12 5 yr F Recurrentbronchitis NL
13 3 mo M Pneumonitis NL
14 6 mo F Pneumonitis NL
15 3 yr M Tracheal stenosis NL
16 5 yr M Pneumonitis NL
17 1 mo F Pneumonitis NL
18 14yr F SuspectedTEfistula + LLL
19 6 mo M Pneumonitis NL

. 20 3 yr F Pneumonitis + LLL

from a plastic cup. All children ingested a small amount
of nonradioactive liquid at the end of the feeding to clear
the esophagus. Within 5 mm children were placed supine
under a gamma camera and I00,000-count images of the
chest and abdomen (anterior, posterior, both laterals)
were obtained to verify esophageal clearing and visualize
baseline lung activity. No artificial means were used to
increase abdominal pressure during the imaging proce
dure. No abdominal binders, no manual pressure on the
abdomen, or rolling, turning, or the Trendelenburg po
sition were used.

After completion of the initial images children re
turned to their hospital ward. The parents were in
structed to let the child behave naturally. Thus, many
of the infants slept when returned to their hospital beds.
No specific instructions regarding sleeping position (e.g.,
prone against supine) weregiven.Approximately4 hr
after tracer ingestion the child returned for another series
of images. They also returned the next morning for a
final set of images.

The gamma camera was fitted with a high-resolution
parallel-hole collimator, and was calibrated for the
140-keV photopeak of Tc-99m using a 20% window.
Cobalt-57 skin markers were placed on the shoulders
during a portion of the imaging sequence to provide
anatomic orientation. Multiple views of the chest (an
tenor, posterior, both laterals) were obtained to help
locate any abnormal activity in the thorax. All images
were recorded on 35-mm film and displayed on a com
puter output oscilloscope, which was set to maximum
sensitivity and contrast. No attempt was made to

quantify pulmonary deposition of activity, or to detect
or quantify any gastroesophageal reflux that occurred
without aspiration. To maximize detection of pulmonary
activity, the computer was set to provide high-sensitivity,
high-contrast images. All computer-oscilloscope images
were recorded on Polaroid film.

Fifteen of the 20 children also had barium studies for
gastroesophageal reflux. The barium studies were per
formed with 1 wk of the radionuclide study, but never
on the same day. Barium was given orally with the child
in the recumbent lateral position on the x-ray examining
table. Uncooperative children were given barium
through a nasogastric tube. A quantity of barium similar
to the volume of a routine feeding (e.g., about 90 cc in
infants) was administered, followed by a small amount
of water to clear the esophagus. In infants, gastric air was
expelled, and all children were rotated 360Â°on the table.
Gentle manual compression of the stomach was occa
sionally applied during filming. Water siphonage was
not used. Gastroesophageal reflux was graded as mild
if contrast appeared above the G-E junction but did not
reach the carina. If contrast regurgitated beyond the
carina the reflux was classified as moderate; if it reached
the cricopharyngeus muscle or above it was classified as
severe. A single film of the G-E junction area was ob
tamed 20â€”30mm after ingestion to detect possible â€œlate
reflux.â€•

RESULTS

Five children (25%) showed pulmonary aspiration of
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FIG.1. (A)Posteriorimageof thoraxob
tamed4 hrafteroral ingestionof Tc-99m
sulfurcolloidIn 4-mo-oldgirl (Patient3,
Table 1)showsabnormalsfteof actlvfty In
rightmid-lungfield.SH shouldermark
ers, SB = small-bowel activfty. ACtIVIty
correspondsto regionof infiltrationseen
in radiograph (B).

tionofactivityin the right mid-lungfield.In three of the
five children, the area of radionuclide accumulation
corresponded to an area of radiographic infiltrate (Figs.
1 and 2). Each area of pulmonary activity in the five
children with positive studies was visible on both stan
dard films and the computer's output oscilloscope.

A comparison of results between contrast G-E reflux
studies and radionuclide studies of pulmonary aspiration
is shown in Table 2. Only two children had evidence of
pulmonary aspiration during their contrast study; both
showed aspiration during the radionuclide study. One
of the two children who showed moderate gastroesoph
ageal reflux during the barium study also showed pul
monary accumulation of TcSC (Fig. 2). The two chil
dren who showed mild barium reflux showed no evidence
of aspiration. One of nine children who had normal
contrast studies showed evidence of pulmonary aspira
tion on the radionuclide study.

The importance of obtaining a chest radiograph in
children who showed thoracic TcSC activity was illus
trated by the study of an 8-month-old boy who had
multiple congenital anomalies and recurrent pneumonia.

SBA

L R

Tc-99m. Each of these studies was characterized by a
localized accumulation of activity in the lungs, as seen
on multiple projections. Stomach activity inferiorly, and
the Co-57 shoulder markers superiorly, provided orien
tation. One of the studies was positive on films obtained
5 mm after ingestion of TcSC. This I4-year-old girl had
a past history of T-E fistula that had been surgically
repaired. She had recently begun to have repeated epi
sodes of pneumonitis, and a recurrent T-E fistula was
suspected. The possibility that she had directly aspirated

TcSC through her larynx wasconsidered,but a repeat
feeding at 4 hr resulted in further increased lung depo
sition without clinically obvious aspiration. Therefore,
a contrast esophagram was performed, but no T-E fistula
could be found. The test was repeated 2 days later,
however, and the T-E fistula was demonstrated. Three
children showed evidence of pulmonary aspiration only
on the images obtained 4 hr after ingestion of TCSC, and
one child showed evidence of pulmonary activity only
after sleeping overnight. Figure 1 shows the 4-hr poster
br view of a 4-month-old female with recurrent right
middle lobe pneumonia. There is an obvious accumula

FIG.2. Lateral chest radiograph(A)dem
onstrates L lower lobe infiltrate. Barium
esophagram(B) shows moderate G-Ere
flux.4-hrTc-99m sulfurcolloldimage(C)
showsUI activity (arrow)(S stomach).
(Patient20,Table1).
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activity was faint in both cases, making digital image
enhancement necessary for its detection. Thirunavuk
karasu (II) obtained thoracic images of 30 of their
children at 4 and 24 hr. but failed to detect pulmonary
activity.

In the current study, five of 20 children (25%) showed
definite lung activity. These results support the initial
observations of Reich et al. (8), and suggest that radio
nuclide detection of pulmonary aspiration is feasible in
children. There are several possible explanations for the
higher rate of positive aspiration studies in the current
series than in the studies of Heyman (9) and Thiruna
vukkarasu (11). The most likely explanation is patient
selection. Our children were studied because they had
pulmonary disease. Children with signs of simple G-E
reflux (e.g., esophagitis, failure to thrive, or episodic
vomiting) were excluded from this series. Second, the I3
infants we evaluated usually slept after their TcSC
feeding, so the conditions for infants closely paralleled
those in Reich's study (8). In the study of Thirunavuk
karasu et al. (1 1) there was no close temporal relation
between colloid ingestion and sleep.

All five patients with positive images in the current
study were detected using both film and digital images.
However, use of the computer oscilloscope during the
study seemed to enhance the chances ofdetecting aspi
ration. The highly sensitive computer oscilloscope pro
vided immediate feedback to the technologist and phy
sician about positioning and possibile sites of aspiration.
Standard film images were acquired only after optimum
positioning was achieved. Film technique (e.g., the cx
posure setting) was often changed depending on the Os
cilloscope findings. We initially attempted to use a
standard persistence scope to provide this same infor
mation, but its poor resolution compared with the corn
puter oscilloscope made it less useful. High-contrast
Polaroid film could be used to acquire images at frequent
intervals during the study, and might serve as an alter
native approach in laboratories without computers.

The sensitivity and specificity of this technique for
detecting pulmonary aspiration have not been deter
mined. Each of our 20 patients had suspected aspiration,
but the actual frequency of aspiration in our population
is unknown. Only one of nine children (I 1%) with a
negative barium reflux study showed pulmonary activity,
but barium reflux studies are known to be insensitive for
reflux (5,9,1 1), so this child might have had reflux and
aspiration. Thirunavukkarasu (11) and Devos (12)
studied a total of 20 â€œcontrolsâ€•and found no TcSC re
flux. Normal adults, during deep sleep, may aspirate
pharyngeal secretions labeled with In-I I I chloride (13),
but there is no evidence to indicate that pulmonary as
piration ofgastric contents occurs in normal individuals.
However, gastroesophageal reflux does occur in normal
infants (14,15). This â€œbenignregurgitationâ€• usually
resolves spontaneously by age 7-8 mo. Thus, selection

TABLE 2. COMPARISON OF RADIONUCLIDE
ASPIRATION STUDIES AND BARIUM

ESOPHAGRAMS

8
2
1
0

1
0
1
2

Normal
Reflux, mild
Reflux, moderate
Aspiration

His radionuclide aspiration study showed a focal accu
mulation of activity in the left lower thorax. However,
his chest radiograph revealed a loop ofbowel protruding
into the thorax through a diaphragmatic hernia. A
contrast upper G.I. series confirmed that this structure
was bowel. The activity visualized on the radionuclide
study was normal small-bowel activity, not pulmonary
aspiration. Correlation of the radionuclide results with
the chest radiograph prevented a false-positive inter
pretation.

DISCUSSION

Fisher et al. (6,7) first demonstrated the utility of oral
ingestion of Tc-99m sulfur colloid for evaluating and
quantitating G-E reflux in adults. Similar techniques
have now been used to study children with suspected G-E
reflux. In the combined series of Heyman (9), Rudd
(JO), Thirunavukkarasu (Ii), and Devos (/2), 68 of 102
children with suspected G-E reflux had positive radio
nuclide reflux studies. The administered TcSC doses and
imaging techniques in these series were similar, but some
groups (10.11) used either manual or mechanical pres
sure to augment reflux, while others (9) used no ab
dominal pressure. The low level of radiation exposure
involved in the technique was documented by Heyman
et al. (9). With a TcSC dose of I 50 sCi to I mCi, the
stomach receives 300-500 mrad exposure, the gonads
I 7-36 mrad, and the total body 33-65 mrad. If 5 ml of
gastric contents are aspirated into the lungs and removed
only by physical decay, the lung receives I 10â€”130
mrad.

Reich et al. (8) first reported radionuclide detection
of pulmonary aspiration. They administered 3â€”5mCi
of TcSC orally to seven adults who had pulmonary fi
brosis in association with hiatal hernia or neurologic
disease. The radionuclide was ingested just before the
patients went to sleep (10 p.m.), and the patients were
imaged the following morning. Two of the seven patients
(28%) showed definite pulmonary activity, indicating
aspiration. No digital image enhancement was used to
improve detection efficiency. Heyman et al. (9) obtained
a 2-hr thorax image in each of 39 children, and saw cv
idence of pulmonary aspiration in two (5%). The lung
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of patients is important to avoid inappropriately â€œposi
tiveâ€•G-E reflux studies, especially in infants. For these
reasons, we selected patients with histories strongly in

dicating recurrent pneurnonitis, and then concentrated
on detecting aspiration rather than reflux. Our results
indicate that pulmonary aspiration can be detected in
infants and children using physiologic methods. Further

experience will be required to determine the sensitivity
and specificity of these studies, and their clinical
utility.
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The Eastern Great Lakes Chapter of SNM announces its First Annual Meeting to be held May 23, 1980,at Sheraton
Hotels. Maple Leaf Village in Niagara Falls, Ontario, Canada.

The program will include continuing education courses to be given by: Dr. John McAfee, the SNM 1979 Paul C.
Aebersold Award Winner on â€œNewerConcepts and Diagnostic Methods in Diseases of the Kidney;â€•Dr. David Weber
on â€œImagingStudies on Orthopaedics;â€• and Dr. David Gilday on â€œPediatricNuclear Medicine in Perspective.â€•

The technologist program will feature didactic lectures on â€œComputerFundamentals and Their Clinical Nuclear
Medicine Applicationsâ€•

There will also be a presentation of contributed papers.

For further information contact:
Azu Owunwanne, Ph.D.

P.O. Box 620
Division of Nuclear Medicine

University of Rochester Medical Center

318 THE JOURNAL OF NUCLEAR MEDICINE

EASTERN GREAT LAKESCHAPTER
SOCIETY OF NUCLEAR MEDICINE

FIRST ANNUAL MEETING

May23,1980 Sheraton Hotels Niagara Falls, Ontario




