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Prolonged imaging time in the salivagram appears unnecessary
for detecting aspiration
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Background: The salivagram was first described to detect possible lung aspiration in infants or young
children. Its original protocol required dynamic imaging for 60 minutes, which has high sensitivity. The
purpose of this retrospective investigation was to determine whether a shortened period of image acquisition
can be adopted without significantly reducing the sensitivity of the test in detecting aspiration.

Methods: The current salivagram protocol in our hospital requires 60 minutes of dynamic imaging. The
images of a total of 398 patients (ages 1 month to 9 years old) with positive salivagrams were analyzed. The
entire 60-minute dynamic images were divided into 6 periods, 10 minutes/period. The time of the onset of
abnormal activity in the bronchi, which was evidence of aspiration in each patient, was recorded and assigned
to the corresponding period.

Results: Among all 398 patients with evidence of aspiration, tracheobronchial tree activity could be seen
in the first 10 minutes of the dynamic imaging in 184 of them (46.2%, 184/398). The onset of the bronchial
activity was seen between 10 and 20 minutes in 177 patients (44.5%, 177/398). A total of 35 patients
(8.8%, 35/398) had the onset of abnormal tracheobronchial tree activity in the 3rd period between 20 and
30 minutes. During the 4™ period between 30 and 40 minutes, the onset of the aspiration occurred in only
2 patients (0.5%, 2/398). All patients had the onset of aspiration in the first 40 minutes of the dynamic
imaging.

Conclusions: The originally described 60-minute dynamic imaging protocol of the salivagram can be
safely shortened to 40 or even 30 minutes without a significantly decreased chance of detecting aspiration.

Prolonged imaging is unnecessary.
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Introduction

Aspiration, the inhalation of oropharyngeal or gastric
contents into the lower respiratory tract and larynx (1),
is an important reason for morbidity and mortality from
respiratory disease in children (2). Recurrent lung infections
can be caused by aspiration, so early diagnosis and treatment
are important to prevent lung damage (3). Barium swallow,
gastroesophageal reflux scan (milk scan), and salivagram
have been used for the diagnosis of aspiration (4). However,
performing a barium swallow in some pediatric patients,
particularly neonates, is frequently impractical. In addition
to aspiration, a gastroesophageal reflux scan can also be used
for the diagnosis of gastroesophageal reflux. The salivagram
was first described many decades ago by the physicians at
The Children’s Hospital of Philadelphia to detect possible
lung aspiration in infants or young children (5). Yang ez al.
compared the diagnostic value of a gastroesophageal reflux
scintigraphy and a radionuclide salivagram in the detection
of pulmonary aspiration in pediatric patients. In patients
who underwent both examinations, the detection rate was
1.9% for gastroesophageal reflux scintigraphy and 22.2%
for radionuclide salivagram, and radionuclide salivagram
had a much higher detection rate for pulmonary aspiration
than gastroesophageal reflux scintigraphy (6). In addition,
Shao et 4l. introduced a semi-quantitative analytical method
to optimize and complement the current classification of
pulmonary aspiration detected by salivagram (7).

The original protocol for a salivagram was acquired
within 60 minutes, which has high sensitivity. However, in
select cases, it is difficult or impractical to have a 60-minute
image acquisition. Society’s nuclear medicine and molecular
imaging guidelines recommend 30-60-minute dynamic
imaging, and some institutions therefore only acquire
30-minute images. However, there is insufficient data to
show whether shortened imaging times are adequate to
detect aspiration. The retrospective study aims to determine
whether a shorter period of image acquisition can be
adopted without significantly lowering the test’s sensitivity
for detecting aspiration.

Methods

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The Institutional Review Board
of Beijing Friendship Hospital, Capital Medical University
approved the study, and the requirement for written informed
consent was waived due to the retrospective nature of the study.
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A total of 398 positive salivagram patients (ages 1 month
to 9 years old, average age was 5.2 months; median age
was 4.5 months) were included in the study from January
2014 to December 2018 in our hospital. All these patients
performed the salivagram due to suspicion of pulmonary
aspiration associated with a cough and a recurrent
respiratory infection. The exclusion criteria included:
(I) patients with a nasogastric tube or gastric tube for
feeding; (I) premature babies with gestational ages less than
37 weeks; (III) babies with birthweights under 2,500 g; and
(IV) patients with neurological diseases.

Salivagram

The protocol of salivagrams used in this study has been
reported previously (6). The " Tt sulfur colloid was diluted
into 1 mL of normal saline and administered on the tongue.
The dose of *™Tc sulfur colloid was calculated based on its
weight of 0.55 MBq/kg. The dose range was from 7.4 MBq
to 37 MBq (about 0.05 mSv of total body effective dose
for every patient). During the scan, the children may be
awake or asleep. The images from the mouth to the upper
abdomen were acquired within 60 minutes (low-energy,
high-resolution collimator). After the dynamic images,
posterior static images of the thorax and upper abdomen
were similarly acquired to evaluate pulmonary aspiration.
During reading these images, potential contamination of
the neck, thorax, or clothes should be taken care of. Activity
in the area of the lung field, bronchi, or tracheal bifurcation
suggested the possibility of pulmonary aspiration.

Imaging analysis

Activity seen in the region of the tracheal bifurcation,
bronchi, or lungs in either hemithorax was indicative of
aspiration (6). The entire 60-minute dynamic images were
divided into 6 periods, 10 minutes/period. The time of
the onset of abnormal activity in the bronchi, which was
evidence of aspiration in each patient, was recorded and
assigned to the corresponding period. The ratio of positive
salivagrams every 10 minutes was recorded and compared.

Results

A total of 2,095 pediatric patients underwent the salivagram
in our hospital. Based on the salivagram images, 398
patients (19.0%) had a positive result. All patients were
suspicious of pulmonary aspiration, clinical symptoms
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Figure 1 An 8-month-old girl with recurrent pneumonia underwent a salivagram to identify aspiration. The series of dynamic images from

0 to 24 minutes (A) are displayed at 2 frames/min. Sequential posterior images showed the transit of tracer from the 3rd image (5-6th min,

arrows), which is in the first 10 minutes. Then the bilateral tracheobronchial tree was shown in 9-10 minutes. A 2-month-old boy with

recurrent coughing. The series of dynamic images from 0 to 16 minutes (B) are also displayed at 2 frames/min. The left tracheobronchial

tree was seen in the 7th image (13-14th min, arrows), which was between 10 and 20 minutes. LT; left lateral; RT, right lateral.

including recurrent cough, chronic and recurrent
pneumonia, or failure to thrive.

Among all 398 patients with evidence of aspiration,
tracheobronchial tree activity could be seen in the first
10 minutes of the dynamic imaging in 184 of them (46.2%,
184/398) (Figure 1). The onset of the bronchial activity was
seen between 10 and 20 minutes in 177 patients (44.5%,
177/398) (Figure I). A total of 35 patients (8.8%, 35/398)
had the onset of abnormal tracheobronchial tree activity
in the 3™ period between 20 and 30 minutes (Figure 2).
During the 4" period between 30 and 40 minutes, the onset
of the aspiration occurred in only 2 patients (0.5%, 2/398)
(Figures 3,4). All patients had the onset of aspiration in the
first 40 minutes of the dynamic imaging.

Discussion

In 1989, Heyman and Respondek first reported the
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application of a radionuclide salivagram for the diagnosis
of pulmonary aspiration using ""Tc sulfur colloid droplets
with a dose of 11.1 MBq and volume <0.1 mL on the
tongue (5,8). The salivagram relies on the patient’s natural
swallowing physiology by putting a small amount of
radiopharmaceutical in the mouth and following the transit
of the radioactivity to demonstrate whether the tracer is
aspirated into the bronchi (9). Unlike other diagnostic
methods for pulmonary aspiration, a salivagram does not
involve a nonphysiologic bolus application of contrast
agent or an IV injection of a radiotracer and is suitable for
the pediatric patient (5). Previous studies reported that
the salivagram had a higher detection rate for suspicion
of aspiration, with 22.2% (6), 24.5% (10), 44.4% (8), and
56% (11). The difference in detection rate may be related
to the underlying disease of the included patients. In
these studies, some authors performed the salivagram for
60 minutes (6,11,12), some for 50 minutes (8), and some
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Figure 2 An 11-month-old girl with coughing and wheezing for 10 days. The salivagram dynamic images from 0 to 48 minutes are
displayed at 2 frames/min. A little bit tracer like the bronchus was seen at the 14th minute (arrowhead), which can not be identified until the

bronchus was seen from the 26th minute (arrows). So the evidence of aspiration was diagnosed in the third 10 minutes. LT] left lateral; RT,

right lateral.
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Figure 3 A 4-month-old girl with recurrent pneumonia underwent a salivagram. The series of dynamic images from 0 to 38 minutes is
displayed at 2 frames/min. There is a little bump on the left of the esophagus from the 5th to the 6th minute (arrowhead), which can’t be
identified from the esophageal diverticula, part of the stomach, or bronchi. The bump didn’t change until the right bronchi appeared at the

33rd-34th minute (arrows). This was one of the two patients whose onset of the aspiration occurred between 30-40 minutes. LT; left lateral;
RT, right lateral.
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Figure 4 A 1-month-old boy with fever, coughing, and wheezing underwent a salivagram. The salivagram dynamic images from 0 to

48 minutes are displayed at 2 frames/min. The little boy didn’t swallow after we put the tracer in his mouth for 20 minutes. Then we give

him some water to force him to swallow. Tracer was down by the 36th minute, and the bronchus was seen at the 44th minute (white arrows).

This was another bare situation where aspiration occurred after 30 minutes, so we must prolong the test and wait.

for 30 minutes (10). The original protocol for a salivagram
required dynamic imaging for 60 minutes. The Society
of Nuclear Medicine and Molecular Imaging guidelines
recommend 30 to 60 minutes of dynamic imaging, and
some institutions therefore only acquire 30-minute images.
However, there is insufficient data to show whether
shortened imaging times are adequate to detect aspiration.
The present study demonstrated that 99.5% (396/398) of
the salivagrams were positive in the first 30 minutes of the
dynamic imaging, including 46.2% (184/398) in the first
10 minutes, 44.5% (177/398) in the second 10 minutes,
and 8.8% (35/398) in the third 10 minutes. In the fourth
10 minutes, only 0.5% (2/398) of the salivagram showed
positive results. No positive was detected in the fifth and
sixth ten minutes, implying that the last 20 minutes of
the original salivagram protocol were ineffective. In other
words, the duration of the salivagram may be decreased to
40 or 30 minutes.

Aspiration is an important factor affecting the
morbidity and mortality of respiratory diseases in pediatric
patients (13). There are two types of pulmonary aspiration:
anterograde and retrograde (14). Antegrade aspiration
originates from the oropharynx, which usually contains
a large amount of pathogenic bacteria oropharyngeal
secretion. Aspiration of these oropharyngeal secretions
can result in aspiration pneumonia (15). A radionuclide
salivagram is an imaging method used to detect
oropharyngeal secretion and saliva aspiration and to
evaluate the antegrade route of aspiration. During the
scan, the radionuclide follows the path of saliva, showing
information about the aspiration of oral secretions,
which is not related to the ingestion of solids or liquids.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Retrograde aspiration is most commonly caused by gastric
contents and occurs frequently in patients with severe
gastroesophageal reflux (16). Aspiration of gastric contents
into the respiratory airway can cause chemical damage (17).
Gastroesophageal reflux scintigraphy is a radionuclide scan
used to detect esophageal reflux and refluxate aspiration,
mainly focusing on the evaluation of the retrograde route of
pulmonary aspiration (18). The imaging tracer is fixed with
food and ingested into the stomach during gastroesophageal
reflux scintigraphy. During the gastroesophageal reflux
scan, the radiotracer needs to travel retrograde from the
stomach, which makes the distance to the lungs much
longer. Therefore, we can speculate that gastroesophageal
reflux scintigraphy needs more time compared with a
salivagram. In our study, about 99.5% (396/398) of the
salivagrams showed a positive result in the first 30 minutes
of the dynamic imaging. In most studies, the duration of the
gastroesophageal reflux scan was 60 minutes.

The goal of nuclear medicine scans is diagnostic accuracy
in a reasonable amount of time. Various methods can be
tried to obtain patient cooperation and immobilization.
Holding the child in place may be sufficient for the
youngest children, from neonates to 2 years old. Other
methods, such as sleep deprivation prior to the scan and
feeding the pediatric patient a bottle on the examination
table, may be equally effective for most patients (19).
Sandbags and entertainment such as video, music, and
reading stories may also be effective for patients older
than 4 or 5 years old. Frequently, if a child is afraid, it is
unlikely that she or he will be immobilized unless her or
his fears are relieved. Allowing parents to accompany or
stay in the imaging room may help calm the patient’s fears.
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Allowing the patient to have a favorite toy is useful as well.
Despite these efforts, some patients aged 1 to 5 years, as
well as those with mental retardation or developmental
delay, require sedation for most nuclear medicine scans. In
this condition, the duration of the scan is very important.
Most scans can be completed successfully if the salivagram
is completed within 30 minutes. With the scan time
increasing, the occurrence of mobilization would increase,
which might influence the diagnostic accuracy (20).
Moreover, pulmonary aspiration is a common problem
in patients with brain injury (8). Causes of pulmonary
aspiration include aspiration due to swallowing dysfunction
and salivary aspiration (21). Risk factors for salivary
aspiration include swallowing incoordination and absent
laryngeal sensation (8). If these patients with brain injuries
perform the salivagram with high quality, sedation may be
required. However, several issues are identified. A variable
success rate and a significant complication rate, including
death, have been reported during the sedation. Moreover,
the American Academy of Pediatrics’ guidelines recommend
a systematic plan for the use of sedative medicine, including
informed consent, pre-sedation health evaluation, and
monitoring by a cardiopulmonary resuscitation-trained
healthcare practitioner. Considering these factors, a short
acquisition period is very important, not only for the patient
but also for the physicians.

Protective reflexes to prevent aspiration of upper airway
contents and an intact mucociliary clearance mechanism
that allows rapid clearance of any foreign material entering
the tracheobronchial tree play a key role in the prevention
of lower respiratory tract infections (13). It is due to this
normal airway defense mechanism that complications often
do not occur. However, airway clearance mechanisms take
time to operate (14). When pulmonary aspiration occurs,
clearance may be accelerated due to the cough reflex. Wu et 4.
demonstrated that the likelihood of false-negative results
increases with increasing time, and that selecting images
at the 15-minute timepoint allows for diagnosis in 80% of
cases with clearance of pulmonary aspiration and the lowest
rate of missed diagnoses (22). In our study, when the time
was shortened to 30 minutes, 99.5% of salivagrams were
positive. Although only a very small percentage of cases
were negative, this timepoint may have included some of
the false-negative patients with clearance of pulmonary
aspiration, which is a significant limitation of our study,
and in the future we can further investigate the value of
salivagrams in detecting pulmonary aspiration in a shorter
time frame.
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Conclusions

The originally described 60-minute dynamic imaging
protocol of a salivagram can be safely shortened to 40 or
even 30 minutes without a significantly decreased chance of
detecting aspiration. Prolonged imaging is unnecessary.
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