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Objective To determine the useful tool for evaluating salivary aspiration in brain-injured patients with
tracheostomy.
Methods Radionuclide salivagram and laryngoscopy was done in 27 brain-injured patients with tracheostomy.

During salivagram, *™

Tc sulfur colloid was placed sublingually in the supine position, and 50-minute dynamic
images and 2-hour delayed images were obtained. Salivary aspiration was detected when the tracer was entered
into the major airways or lung parenchyma. Laryngoscopy was done by otolaryngologists, and saliva aspiration,
saliva pooling, and vocal cord palsy were evaluated. Videofluoroscopic swallowing study was done in patients who
were able to undergo the test.

Results The detection rate of salivary aspiration was 44.4% with salivagram, and 29.6% with laryngoscopy. The
correlation of the two tests was 70.4%. Of the laryngoscopy findings, salivary pooling had significant correlation
with positive salivagram results (p=0.04). Frequent need of suction correlated with salivary aspiration in both
salivagram (p=0.01) and laryngoscopy (p=0.01). Patients with negative results in salivagram or laryngoscopy
had higher rates of progressing to oral feeding or tapering tracheostomy. Two patients developed aspiration
pneumonia, and both patients only showed aspiration in salivagram.

Conclusion Brain-injured patients with tracheostomy have a high risk of salivary aspiration. Evaluation of salivary
aspiration is important, as it may predict aspiration pneumonia and aids in clinical decisions of oral feeding
or tracheostomy removal. Salivagram is more sensitive than laryngoscopy, but laryngoscopy may be useful for

evaluating structural abnormalities or for follow-up examinations to assess the changes.
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INTRODUCTION

Pulmonary aspiration is a common problem in patients
with brain injury, and it can cause purulent sputum and
pneumonia. Causes of pulmonary aspiration include as-
piration due to swallowing dysfunction, aspiration from
gastroesophageal reflux, and salivary aspiration. The
last of these is the least commonly recognized form of
aspiration, but can result in recurrent pneumonia from
pathogenic bacteria and yeast in the oral cavity [1]. Risk
factors of salivary aspiration include swallowing incoor-
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dination, absent laryngeal sensation, excess production
of saliva, and vocal cord paresis. Videofluroscopic swal-
lowing studies (VFSS), scintigraphic swallowing studies,
and fiberoptic endoscopic evaluation of swallowing are
used to assess food aspiration. For salivary aspiration,
radionuclide salivagram and laryngoscopy (fiberoptic
endoscopy) can be used, but a standard test has not been
established [2].

Heyman and Respondek [3] and Heyman [4] first de-
scribed radionuclide salivagrams in 1989; a small dose of
radiotracer is injected into the patient’s mouth, and se-
rial images are recorded. Salivary aspiration is diagnosed
when tracheal or bronchial activity is detected. Previous
studies claim that salivagrams are the most sensitive test
for saliva aspiration [5]. However, it is used mostly in
children, and there are few studies that have assessed its
utility in adults. Laryngoscopy can be used to evaluate
salivary aspiration or pooling, vocal cord abnormality,
and other relevant structures. Pooled oral secretions may
predict aspiration, but the study is done in a short period
of time and may lack sensitivity [6].

Patients with tracheostomy are at a high risk for as-
piration, which can occur for various reasons, such as
pharyngeal pooling of secretions above the airway cuff,
decreased laryngeal elevation, desensitization of the
larynx, and loss of protective reflexes. The incidence of
aspiration in adults with tracheostomy is reported to be
30% to 50%, and the risk of aspiration is directly related to
the amount of oropharyngeal secretion [7,8]. Also, pneu-
monia rates were higher even in tube feeding patients,
whom food aspiration is less likely to occur, indicating
a possibility of pneumonia from salivary aspiration [8].
These findings underscore the need to evaluate salivary
aspiration in patients with tracheostomy, followed with

appropriate management to prevent pneumonia in high
risk patients.

The goal of this study is to compare the two tools—
salivagram and laryngoscopy, for evaluating salivary
aspiration, and also to explore the clinical significance
by investigating the frequency and associated factors of
salivary aspiration in brain-injured patients with trache-
ostomy.

MATERIALS AND METHODS

Subjects

A total of 27 brain-injured patients with tracheostomy
tubes, who were transferred or admitted to the rehabilita-
tion department between April 2011 and December 2011,
were included in the study. We enrolled only patients
who required suction of sputum or saliva. Radionuclide
salivagram and laryngoscopy were conducted with an
interval of less than 3 days. Patients who were medically
unstable or unable to follow simple one step commands
were excluded.

Assessment

For radionuclide salivagram, all patients fasted for 2
hours before the test. The patient was placed in a supine
position under a gamma camera fitted with a low-energy
high-resolution collimator and received a sublingual
drooping of 0.5 mL saline with 0.5 mCi Tc-99m diethylene
triamine pentaacetic acid (18.5 MBq). Dynamic images
of the mouth to the upper abdomen were recorded for
50 minutes, and after, anteroposterior and lateral static
chest images were also obtained. Any suggestive findings
of positive radionuclide salivagram from these images
were an indication of ending the test. In case of negative

50 min ANT 50 min POST

®

Fig. 1. (A) Example of a positive
salivagram image shows radio-
tracer present in the right trachea.
(B) Laryngoscopic image shows
direct view of aspirated saliva in
the trachea. ANT, anterior; POST,
posterior.
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or inconclusive findings on the initial 50-minute test, de-
layed anteroposterior and lateral static chest images were
acquired after 2 hours. Interpretation of the images was
performed by two expertise nuclear medicine physicians.
Salivary aspiration was indicated by detection of positive
radioactivity in dynamic and/or static images on tracheo-
bronchial tree, either side of both lung fields or site of
tracheostomy (Fig. 1A).

Fiberoptic laryngoscopy was performed by an otolar-
yngologist through the tracheostomy. During the proce-
dure, salivary aspiration, pooling of secretions in the val-
leculae or pyrifrom sinuses, vocal cord gap and mobility,
and other airway structures were evaluated. Salivary as-
piration was assessed when saliva in the trachea or active
aspiration was visualized (Fig. 1B). Structures evaluated
included the vallecula, epiglottis, arytenoids, true and
false vocal cords, and the oral and nasal cavity.

Disease duration, history of pneumonia, cooperation
level, and feeding method were assessed. Cooperation
level was evaluated by the ability to participate in a Mini-
Mental Status Examination-Korean version. VESS was
done in patients who were able to perform the protocol.
The clinical course of the patients was followed until the
patient was discharged from the hospital.

Data analysis was performed using SPSS ver. 18.0. (SPSS
Inc., Chicago, IL, USA) correlation between variables
were determined by y* analysis with the Fisher’s exact
test. Significance was defined as p<0.05. The study was
approved by the Institutional Review Board.

Table 1. Demographic characteristics of patients

Characteristic Value

No. of patients 27
Sex (male:female) 18:9
Age (yr), mean+SD 52.2+17.8
Brain injury

Stroke 15

Traumatic brain injury 5

Hypoxic brain injury 4

Brain abscess 1

Encephalopathy/encephalitis 2
Disease duration (mo), mean+SD (range) 6.3+7.5 (1-30)
History of pneumonia 6
Methods of feeding (oral:tube) 6:21
Cooperation (good:poor) 15:12

SD, standard deviation.
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RESULTS

Twenty-seven patients who were enrolled completed
the evaluations, and their demographic data are present-
ed in Table 1. All patients who were able to follow simple
commands were evaluated with both laryngoscopy and
salivagram. The studies were conducted within intervals
of 3 days, and all patients were medically stable at the
time of the study.

Salivary aspiration was detected in 12 out of 27 patients
with salivagram. On laryngoscopy, 8 out of 27 patients
showed salivary aspiration. Among the 8 patients who
showed aspiration, 6 patients also had aspiration in the
salivagram (Table 2). The frequency of salivary aspiration
among patients was 44.4% with salivagram and 29.6%
with laryngoscopy, and the correlation between the two
studies was 70.4% (p=0.09 by Fisher’s exact test).

The association between laryngoscopy findings and
salivagram results are shown in Table 3. There was a sig-
nificant association between any abnormality, including
saliva pooling, saliva aspiration, or vocal cord abnormal-
ity, and salivary pooling observed by laryngoscopy with
salivary aspiration on salivagram. Salivary aspiration or
vocal cord abnormality seen on a laryngoscopy did not
show significant association with salivary aspiration on

Table 2. Comparison of salivagram and laryngoscopy re-
sults

Salivagram
Laryngoscopy . — Total
No aspiration Aspiration
No aspiration 13 6 19
Aspiration 2 6 8
Total 15 12 27

Table 3. Association between laryngoscopy findings and
salivagram results

P:N p-value
Laryngoscopy Any abnormality 17:10  0.01*%
(n=27)
Saliva pooling 16:11  0.04*
Saliva aspiration 8:19  0.09
Vocal cord abnormality 7:20  0.60

p-values are associated with salivagram.
P, positive; N, negative.
*p<0.05 by chi-square test.
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salivagram.

The association of clinical characteristics with saliva-
gram and laryngoscopy is presented in Table 4. Of the
clinical characteristics, frequent manual suction of secre-
tions (more than ten times per day) was significantly as-
sociated with salivary aspiration seen on both salivagram
and laryngoscopy.

Among the 27 patients, only 15 patients could be evalu-
ated by VESS; the others were unable or unwilling to co-
operate. Of the 15 patients who completed the study, five
showed aspiration, five showed penetration, and five had
no abnormalities. We compared the salivagram results
with those of VFSS and found that of the 12 patients who
were diagnosed with salivary aspiration by salivagram,
4 patients also had aspiration in VESS, 2 patients had
penetration, and the other 6 patients failed the study or
could not be evaluated. In comparing the laryngoscopy
and VFSS results, of the 8 patients who had aspiration as
assessed by laryngoscopy, 4 also had aspiration in VFESS,
2 had penetration, and the others could not be tested.

Table 5 shows the clinical course of patients accord-
ing to the findings on salivagram or laryngoscopy. The
follow-up period of patients ranged from 1 to 3 months
(mean, 1.7 months). Of the 12 patients who showed aspi-

ration on salivagram, only 2 were able to progress to oral
feeding, compared to 6 in patients without aspiration.
None of the patients with aspiration on salivagram were
able to remove tracheostomy, while four patients without
aspiration had their tracheostomy closed. Similar results
were seen in patients with positive laryngoscopy results.
Two patients developed aspiration pneumonia, and these
patients both showed aspiration on salivagram, whereas
in laryngoscopy, one showed only salivary pooling, and
one had no abnormality.

DISCUSSION

In this study, we found that the frequency of salivary as-
piration in brain-injured patients with tracheostomy was
as high as 44.4% by salivagram. However, the frequency
was lower when evaluated with laryngoscopy, which
demonstrated salivary aspiration in 29.6% of patients.
Both tests were used to evaluate salivary aspiration in pa-
tients who were unable to cooperate during VFSS.

This is the first study to evaluate salivary aspiration us-
ing both laryngoscopy and salivagram.

To date, salivagram is most commonly used in children
who cannot cooperate during VFSS to evaluate aspira-

Table 4. Association of clinical characteristics with salivagram and laryngoscopy

Clinical characteristic

No. Onset duration Cooperation Suction frequency History of pneumonia
Salivagram 27 0.37 0.37 0.01* 0.46
Laryngoscopy 27
Any abnormality 17 0.70 0.70 0.11 0.67
Saliva pooling 16 0.44 0.44 0.24 0.66
Saliva aspiration 8 0.68 0.62 0.01* 0.63
Vocal cord abnormality 7 0.90 0.67 0.90 0.90
p-values are associated with salivagram or laryngoscopy and clinical characteristics.
*p<0.05 by chi-square test.
Table 5. Clinical course of patients according to test results
Salivagram (Aspiration) — Laryngoscopy = =
No. Aspiration Salivary pooling
Negative Positive Negative Positive Negative Positive
Aspiration pneumonia 2 0(0) 2(16.7) 2(10.5) 0(0) 1(9.1) 1(6.3)
Oral feeding 8 6 (40.0) 2(16.7) 6 (31.6) 2(25.0) 6 (54.5) 2(12.5)
Tracheostomy removal 4 4(26.7) 0(0) 4(21.1) 0(0) 3(27.3) 1(6.3)

Values are presented as number of patients (%).

WWW.e-arm.org

99



Yujeong Kang, et al.

tion. Since Heyman and Respondek [3] and Heyman [4]
first proposed the use of salivagram for detecting aspira-
tion in children, previous studies have mostly involved
children. In a study that compared salivagram in severe
cerebral palsy (CP), who are at high risk of aspiration
with able-bodied adult volunteers, the frequency of as-
piration was 56% in children with CP compared to 0% in
young adults, showing that salivagram is a useful tool for
the demonstration of aspiration [9]. Other studies have
reported the frequency of positive salivagram in high risk
children as 26% to 28% [10,11]. The difference in the rate
of aspiration can be explained by the different infusion
method; the former study used a continuous infusion
method for 1 hour, whereas the latter studies used the
sublingual dose method, as in our study. When Kang et
al. [2] studied bedridden patients with brain lesions, the
frequency of positive response was 22%. Silver and Van
Nostrand [12] reported a case series of patients evaluated
with salivagram, in which one patient had tracheostomy.
These are the only studies to our knowledge that evalu-
ated adults at risk of aspiration with salivagram. The
frequency of salivary aspiration, detected by salivagram
in our study, was higher than the previous studies. This
may imply that tracheostomy further increases the risk of
salivary aspiration in addition to deficits of pharyngeal or
laryngeal control caused by brain lesions.

It is not clear yet whether positive salivagram results
predict more frequent episodes of acute aspiration or
lung disease. However, Bar-Sever et al. [10] demonstrated
the utility of salivagram in assessing children with unex-
plained lung disease or recurrent pneumonias. Twenty-
six percent showed salivary aspiration, suggesting aspira-
tion of oral contents as a contributing factor [10]. Cook
et al. [13] suggested salivagram as a tool for identifying
candidates for laryngotracheal separation as a definitive
mean of eliminating aspiration.

Few studies have compared salivagram with other tools
for evaluating aspiration. In a study by Baikie et al. [5],
positive results for aspiration in CP patients were most
frequent in salivagram, compared to that of VFSS and
milk scans. One explanation for this result is that aspira-
tion is an intermittent event, and because salivagram has
the longest monitoring time, it is more likely to detect
aspiration.

Laryngoscopy is useful for evaluating the pharyngeal
structures and can directly observe aspiration. This
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method can also be used to assess laryngeal sensation or
to evaluate the swallowing process, as in fiberoptic endo-
scopic evaluation of swallowing. Other advantages of la-
ryngoscopic evaluation includes that it can be performed
bedside, it does not require fluoroscopic equipments, the
patient is not exposed to radiation, and minimal posi-
tioning or cooperation of the patient is needed. It can also
be repeated over time to assess the changes in a patient’s
swallowing function [14]. Oropharyngeal secretions, fre-
quency of spontaneous swallows, and laryngopharyngeal
sensation were highly predictive of aspiration in a study
by Murray et al. [6]. Here, we focused on the detection of
salivary pooling, aspiration, and structural problems. Six-
ty-three percent of the patients had abnormality detected
by laryngoscopy. Salivary pooling was the most common
problem, occurring in 59.3%.

The lower rate of salivary aspiration in laryngoscopy
compared to salivagram can be explained by the shorter
evaluation time. Another possible reason is patient posi-
tioning during the tests. During the salivagram, patients
are supine, whereas laryngoscopy is done in an upright
position, and this may increase the aspiration rate in
salivagram. The results demonstrate that salivary pool-
ing should also be considered as an important predictor
for aspiration, as it showed significant association with a
positive salivagram. When this is considered, laryngosco-
py may be useful for assessing changes in follow-up stud-
ies, as it is more simple and convenient than salivagram.

Patients with positive salivagram results showed either
aspiration or penetration on VFSS, but only half of the
patients could undergo the latter study. Patients only
need to follow simple commands in order to undergo
salivagram, whereas more level of cooperation is needed
to participate in VFSS. In those that only show penetra-
tion on VFSS who are being considered for oral feeding
or removal of tracheostomy, salivagram may provide ad-
ditional information to evaluate aspiration risk.

Clinical factors related to positive salivagram results in
previous studies include recurrent pneumonia and gas-
troesophageal reflux in children and anterior drooling,
and cooperation in brain-injured adults [2,15]. Our re-
sults demonstrated a significant association between fre-
quent suction of secretions and salivary aspiration. This
can easily be explained since patients who lack control
and/or have copious oral secretions will need frequent
manual suction, either orally or through their tracheos-
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tomy, and this also increases the risk of aspirating secre-
tions.

The possible clinical applications of the two tests evalu-
ating salivary aspiration can be inferred from the clinical
courses of patients. Both salivagram and laryngoscopy
correlated well with the progression to oral feeding and
removal of tracheostomy. Negative results on salivagram
and laryngoscopy may be useful for informing decisions
on feeding or tracheostomy tapering. Salivagram ap-
peared to be more helpful in predicting pneumonia, as
two patients who developed aspiration pneumonia only
had positive results on salivagram.

The strength of this study includes that it is the first
study to evaluate salivary aspiration with both salivagram
and laryngoscopy, and compare the findings. Also, we
selected a homogeneous high risk group, brain-injured
patients with tracheostomy, and demonstrated the fre-
quency and clinical implications of salivary aspiration.

There are also a few limitations to our study. The dura-
tion of observation of the clinical course was limited to
the inpatient rehabilitation period, and the sample size
was small. Also, only a part of the subjects were evaluated
by VESS, therefore, comparison with VESS results is lim-
ited. Further studies with larger sample size and longer
follow-up period will be required to ascertain the results
of our study.

In conclusion, the rate of salivary aspiration in brain-
injured patients with tracheostomy as evaluated by sal-
ivagram was 44.4%. Salivagram was more sensitive than
laryngoscopy in detecting aspiration. Evaluating salivary
aspiration is important in brain-injured patients with tra-
cheostomy, especially in patients with salivary pooling or
frequent need of suction, and appropriate interventions
should be considered according to the results.
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