
Dysphagia 7:45--49 (1992) Dy phagia 
�9 Spr inger -Ver lag  N e w  Y o r k  Inc. 1992  

Scintigraphic Detection of Salivary Aspiration: Description of a 
New Diagnostic Technique and Case Reports 

Kenneth H. Silver, M.D., 1 and Douglas Van Nostrand, M.D? 
1~),  . , lvaslon of Rehabilitation Medicine, Johns Hopkins University School of Medicine, and 2Department of Nuclear Medicine, The Good 
Samaritan Hospital, Baltimore, Maryland, USA 

Abstract. Pneumonia is the feared consequence of 
Persistent aspiration of  saliva. Although some per- 
Sons with impaired protection of the laryngeal air- 
Way are thought to be at risk, it is not known with 
Certainty which factors are important. Some patients 
receive tracheostomies to enhance airway safety, of- 
ten without clear evidence of  aspiration of oro- 
Pharyngeal secretions. A simple, readily available 
technique is described by which oral secretions are 
Seintigraphically labeled with technetium-99m sul- 
fur colloid via slow intraoral infusion. Subsequent 
Sequential chest imaging with a gamma camera al- 
lows detection and tracking of the aspirated mate- 
rial. Three persons are described in whom this tech- 
nique was used. In one, the scintigraphic analysis 
Was instrumental in implicating infected saliva as 
the likely source of recurrent pulmonary infections. 
Although the method is useful in detecting aspira- 
tion of  saliva in high risk persons, more study is 
needed to equate the degree of  aspiration visualized 
With the risk of  pulmonary disease. 
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"" Pneumonia -- Deglutition -- Deglutition dis- 
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ASpiration of saliva resulting in bronchopneumonia 
~s one of the feared risks in patients with s e v e r e  
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deficits of  pharyngeal or laryngeal control [1, 2]. It 
is not uncommon for patients with copious oral se- 
cretions and swallowing difficulties to receive tra- 
cheostomies [2] or other surgical procedures [3, 4] 
to avoid aspiration pneumonia. This is often done 
without objective evidence of significant airway as- 
piration. The effect of persistent aspiration of  saliva 
is not known with certainty for either normal per- 
sons or those with depressed airway reflexes [5-7]. 
Since it has been shown clinically and experimen- 
tally that bronchopneumonitis may result from the 
aspiration of ingested or regurgitated solids and liq- 
uids [2, 8, 9], it is assumed easily by many that 
laryngeal penetration by saliva is an abnormal oc- 
currence and similarly can result in pulmonary dis- 
ease. Unfortunately, few studies have examined the 
incidence and ultimate outcome of airway contam- 
ination by oropharyngeal secretions. Moreover, there 
has been no reliable diagnostic method to study this 
problem. We describe here a simple, readily avail- 
able method to detect salivary aspiration in patients 
considered to be at high risk for such a complication. 
We also present a case study in which the technique 
was used to implicate salivary secretions as the source 
of aspiration pneumonia. We present two other ex- 
amples in which the technique was used in persons 
who did not have a history of aspiration pneumonia, 
one of whom was thought to be at risk. 

Technique 
Each subject lay supine, positioned over a large field-of-view 
scintillation camera (Technicarc) and an all-purpose collimator 
(Fig. i). Tcchnetium-99m sulfur colloid (I0 #Ci/ml normal sa- 
line) was slowly dripped into the oral cavity of the supine subject 
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Fig. 1. The  set up for intraoral  radionucl ide infusion through 
a thin plastic cather  using electronic p u m p  control.  The  subject 
is posi t ioned over  a large lield-of-view g a m m a  camera  with an 
al l -purpose coll imator.  

Fig. 2. Case 1. Chest  radiograph demons t r a t e s  bilateral lung 
intiltrates before removal  o f  infected denti t ion.  

through a thin,  3% inch Silastic tube secured to the corner o f  the 
m o u t h  by adhes ive  tape. Cobalt  markers  were affixed to the ster- 
nal notch and xiphoid as anatomical  l andmarks .  Infusion rates 
o f  10-30 m l / h r  were controlled by a s tandard  electronic infusion 
p u m p  thai  allowed gradual admix ing  with the subject ' s  saliva. If 
s tudied in the awake state, the patient  was asked 1o relax and 
swallow his or her own secret ions normal ly  dur ing  radionucl ide 
infusion.  Posterior  imaging was c o m m e n c e d  immedia te ly  and  
con t inuous ly  in 5 rain collection periods tbr the first 1% hr o f  
infusion.  Infusion was s topped at IV2 hr  if the irnages were pos- 
itive, as defined by activi ty within the thorax lateral to midline.  
If images  for t racheobronchial  activity were negat ive following 
the first 1 V: hr, infusion was cont inued  at the same  rate for an 
addi t ional  1V2 hr, and stopped.  In each instance, anterior,  left 
anter ior  oblique, and  right anter ior  oblique views were obtained 
after 3 hr  to assess the presence and /o r  persistence o f  tracer in 
the  lungs. If intrathoracie activity was present,  delayed images 
were obta ined 2-3  hr  later (approximate ly  5-7  hr  after the onset  
o f  infusion) and,  i f  necessary,  the following morn i ng  to evaluate  
clearance o f  the tracer. 

Case Reports 

Case 1 

A 65-year-old m a n  was admi t t ed  to an inpat ient  rehabil i tat ion 
unit  for the m a n a g e m e n t  o f  physical disabilit ies including weak- 
ness and severe orthostat ic  hypotens ion  associated with olivo- 
pontinecerebel lar  degenerat ion (Shy-Drager disease), which had 
been diagnosed several years earlier. Two m o n t h s  before admis -  
sion, he had an episode o f  aspirat ion p n e u m o n i a  for which he 
was hospitalized. Early in the present  hospital  stay, he exhibi ted 
frequent  episodes of  sleep apnea often lasting 30 s and associated 
with vigorous a t t empts  to r e sume  inhalat ion.  A relative verified 
that  apneic events  had been occurring for several years. Five days 
after admiss ion ,  the pat ient  developed fever, px'oductive cough, 
and a left shift without leukocytosis. Radiographs confirmed right- 
sided pneumonia .  Following antibiotic t rea tment ,  he became afe- 
brile. However,  chest  radiographs revealed progression o f  the 
disease witb patchy leR-sidcd infiltrates in addi t ion to extensive  
p n e u m o n i a  on the right (Fig. 2). Oropharyngeal  examina t ion  
demons t r a t ed  mild dysar thr ia  but  intact gag reflexes as well as 

severe dental  caries. A videot luoroscopic swallowing study,  per- 
formed 1o assess aspirat ion as a possible cause,  revealed only 
esophageal  dysmot i l i ty  wi thout  oropharyngeal  dysfunct ion.  A 
bar ium esophagram was consis tent  with disordered moti l i ty char-  
acterized by spasm and deficient peristaltic activity. Evocat ive 
m a n e u v e r s  on subsequent  radiologic s tudies  did not  reveal evi- 
dence o f  gastroesophageal  reflux. An overnight  radionucl ide re- 
f lux/aspirat ion s tudy was also negative.  The  pat ient  was empir -  
ically begun on bethanacol  and elevat ion o f  the head o f  the bed 
at all t imes.  Repeat  v ideol luoroscopy 5 weeks after the first eval- 
uat ion revealed no evidence o f  aspirat ion and  only mild esoph-  
ageal d iscoordinat ion despite the cont inued  presence o f  bilateral 
infiltrates and  pleural effusions on chest  x-rays. Extensive pul- 
mona ry  work-up,  including thoracentesis  and t ransbronchia l  bi- 
opsy, gave no clue to tbe cause o f  persistent  a s y m p t o m a t i c  long 
infiltrates. 

It was hypothes ized  that  septic cmbol i  originating from the 
pat ients  poor  dent i t ion were being aspirated dur ing  sleep as a 
result o f  the turbulent  a i r fow associated with the apneic events.  
To test this conjecture,  a special sal ivary aspirat ion s tudy was 
designed using the radionucl ide labeling technique  described 
above.  To replicate sleep condi t ions ,  the pat ient  was depr ived o f  
sleep the night  before the study, and  given lorazepam 5 m g  in- 
t ramuscular ly .  Radioact ivi ty  lateral to the midl ine  was seen with- 
in 30 min  of  the c o m m e n c e m e n t  o f  infusion (Fig. 3a), consis tent  
with penetrat ion o f  left and right m a i n s t e m  bronchi .  Delayed 
imaging at 5 hr  showed clearing of  the large bronchi with periph- 
eralization o f  the isotope into the right lung field (Fig. 3b). 
These  results were thought  to be suggestive o f  pu lmona ry  aspi- 
ration o f  oral secret ions and a likely explanat ion  for the recurrent  
pneumon ia s .  Subsequent ly ,  the patient underwent  total extrac- 
t ion o f  dent i t ion to e l imina te  a p r e sumed  source o f  infected sa- 
liva. He experienced no furlher episodes o f  pneumon ia .  Chest  
radiographs  prior to discharge showed near -comple te  resolut ion 
o f  prior infiltrates. Pharmacologic  therapy for sleep apnea  was 
initiated late in the hospital  course.  At 6 m o n t h s  after discharge,  
there had been no clinical or radiologic evidence o f  recurrent  
pneumoni t i s .  

Case 2 

A 61-year-old m a n  was admi t t ed  for rehabil i tat ion services re- 
lated to cerebellar and bra ins tem infarct ions diagnosed several 
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Fig. 3. Case 1. a Scintigraphy reveals radioactivity in both mainslena bronchi 30 rain after onset of oral infusion (see arrows), b 5 hr 
after infusion, delayed images show clearing of the large airway, but there is now evidence of activity in the right peripheral lung field 
(see arrows). 

/ 

FiR. 4. Case 2. Scintigram demonstrates immediate presence 
of activity in bilateral mainstem bronchi following infusion of 
the radioisotope. Complete clearing of airways was noted follow- 
ing cessation of infusion. 

months earlier. Swallowing studies before he was admitted d o c  
UVaented aspiration of tbodstuffs. Because the aspiration of sal- 
Wary secretions was also suspected at that time, a cuffed tracheos- 
lorny tube had been placed surgically. The patienl was fed 
exclusively by nasogastric tube. Oropharyngeal examination re- 
Vealed a decreased pharyngeal gag reflex. Because of difficulty in 
handling his own secretions, he required suctioning ofthe trache- 
Ostomy tube every 1-2 hr. His condition improved such that 
therapeutic feedings were begun. A metal uncurled tracheostomy 
tube was inserted and plugged much of the daytime. He still 
manifested frequent spontaneous coughing of copious secretions, 

and required tracheostomy suctioning every 4 hr. Despite con- 
tinued clinical signs of airway penetration by secretions, at no 
time during the hospilalization did he show clinical or radio- 
graphic evidence of pneumonia, 

To assess the presence and extent of pulmonary penetration 
of oral secretions during sleep, the patient underwent slow oral 
infusion scintigraphy, He was deprived of sleep the night before 
the study and did not require a hypnotic agent to maintain sleep 
conditions during the test. There was immediate activity limited 
to the trachea and bilateral bronchi following the onset of infusion 
(Fig. 4). At 3 hr, complete thoracic clearing of the tracer had 
occurred except for residual contamination at the traeheostomy 
site, Delayed images at 5 and 24 hr revealed no pulmonary ac- 
tivity, 

Case 3 

A 36-year-old subject with no history of pulmonary disease vol- 
unteered lbr the study. The scintigraphic technique was per- 
formed in the supine position while the volunteer was awake. 
Infusion of radioisotope was begun at 10 ml/hr and advanced to 
30 ml/hr. Imaging was performed both during quiet resting res- 
piration and during vigorous efforts to create airway turbulence. 
No evidence of tracheobronchial activity was seen during infu- 
sion or on delayed images (Fig. 5). 

Discussion 

T h e  o c c u l t  a s p i r a t i o n  o f  s a l i v a  in  p a t i e n t s  w i t h  c e r -  

t a i n  m e d i c a l  c o n d i t i o n s  h a s  b e e n  r e p o r t e d  t o  c a u s e  

p u l m o n a r y  d i s e a s e ,  p a r t i c u l a r l y  p n e u m o n i a s  [7]. 

B a c t e r i a l  p n e u m o n i a s  a r e  t h o u g h t  t o  b e  d u e  in  p a r t  

t o  o r g a n i s m s  t h a t  i n h a b i t  t h e  p h a r y n x  a n d  f i n d  t h e i r  

w a y  to  m o r e  d i s t a l  p u l m o n a r y  l o c a t i o n s  v i a  a e r o -  

s o l i z a t i o n ,  a s p i r a t i o n  o f  s o l i d  o r  l i q u i d  f o o d ,  g a s t r i c  

reflux, or passive leakage of oronasopharyngeal se- 
cretions [8]. O t h e r  f a c t o r s  d o u b t l e s s  p l a y  r o l e s  in  
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Fig. 5. Case 3. Radionuclide imaging in an awake normal voI- 
unteer following intraoral infusion. Activity is noted only in oro- 
pharyngeal and esophageal areas. 

de termining the ul t imate deve lopmen t  of  aspirat ion 
pneumonia ,  including intrinsic pharyngeal  and la- 
ryngeal reflexes, c i l ia-mediated bronchiole  trans- 
port,  and local antibacterial  i m m u n e  responses [1]. 
In addit ion,  the a m o u n t  and frequency o f  aspiration,  
the relative acidity [10], and the pathogenici ty of  
resident organisms [8] affect the overall  risk. It re- 
mains  unclear if  normal  persons aspirate their  own 
secretions. Passive con tamina t ion  of  the airway by 
saliva or other  oronasopharyngeal  secretions has 
been repor ted both in normal  subjects and in per- 
sons with impa i red  consciousness.  Amber son  in 
1954 [5], using iodized oils in t roduced orally, re- 
por ted aspirat ion in sleeping patients  who presum-  
ably did not  have dysphagia.  In a separate  study, 
Winfield et al. [6], using either ba r ium or iodized 
contrast  instilled nasally via tubing, reported no air- 
way contrast  the next morning.  Huxley et al. [7] 
reported that  sleeping individuals  normal ly  aspirate 
nasopharyngeal  secretions; lung scans were fre- 
quently posi t ive following the introduct ion of  in- 
d ium 111 into the nasopharynx.  However ,  the ex- 
tent o f  airway penetra t ion (proximal  vs. distal) and 
the effect on pharyngeal  reflexes by an indwelling 
tube were not considered. 

The  results of  the scintigraphic study in case 1 
suggested strongly that  saliva was being inhaled and 
distr ibuted in peripheral  lung tissue. Although not  
definitely proven,  it is likely that  the cause o f  the 

pat ient ' s  persistent pneumon ia s  was the insidious 
inhalat ion of  infected oral secretions during sleep. 
The  search for other  more  c o m m o n p l a c e  causes of  
the occult pneumonias  p roved  futile. Dysphagia  and 
gastroesophageal  reflux were both considered un- 
likely because relevant  diagnostic tests were nega- 
tive. Moreover ,  empir ic  t r ea tment  for possible gas- 
t r o e s o p h a g e a l  reflux, b o t h  p h a r m a c o l o g i c  and  
posit ional,  had been init iated wi thout  clinical ben-  
efit. Immed ia t e ly  following the surgical r emova l  o f  
infected teeth, the pneumon ia s  resolved wi thout  re- 
currence, again suggesting that  infected saliva was 
their cause. Although pharmacologic  t r ea tmen t  of  
the sleep apnea  was a t t empted  late in the hospital  
course, object ive p roo f  of  normal ized  night t ime 
ventilation was never  obvious.  The patient  may  have 
cont inued to aspirate secretions following remo'val  
o f  his teeth, but the absence o f  pathogenic  bacilli 
likely prevented  pu lmona ry  infection. 

In contrast ,  case 2 demons t ra tes  a negative scin- 
t igraphic study in a person whose neurologic im- 
pa i rmen t  of  pharyngeal  and laryngeal reflexes was 
thought  to place him at risk for aspirat ion of  copious  
oral secretions. The  isotope study clearly revealed 
penetrat ion of labe led  saliva to the level o f  the main-  
s tem bronchi,  but not beyond.  Moreover ,  there was 
rapid, comple te  airway clearance. Tha t  this pat ient  
never  showed p n e u m o n i a  ei ther on clinical or ra- 
diographical  examina t ion  suggests, but does not  
prove,  that  smal l -a i rway inoculat ion may  be one 
factor necessary for the deve lopmen t  of  p n e u m o n i a  
in these circumstances.  It also suggests that  proxi-  
mal,  large-airway penetra t ion of  saliva can occur in 
certain dysphagic persons, and may  not in itself cause 
pu lmonary  infection. 

Both subjects were tested when asleep, p resum-  
ably when airway protect ive  m e c h a n i s m s  are least 
active and the risk of  aspirat ion is greatest [7]. In 
contrast ,  the no rma l  subject in case 3 was evaluated 
scintigraphically only while awake. Consequent ly,  
the resulting absence of  airway activi ty represents  
insufficient evidence that  pu lmona ry  penetra t ion of  
salivary secretions does not  occur  in normal  persons 
during sleep. It did demons t ra t e  that  aerosol izat ion 
of  the radioisotope does not take place to any extent  
that  could explain the presence o f  t echne t ium-su l fu r  
colloid in the airways, which was one of  our  early 
concerns about  the technique. The  use of  mild hyp- 
notic agents in the first case may  have  had some 
depressant  effect on pharyngeal  or  laryngeal protec-  
t ive reflexes, and consequent ly  may  have  increased 
the l ikelihood of  aspirat ion,  al though the dose used 
was min imal .  Also, the intraoral  infusion rate of  
radiolabeled liquid was arbitrari ly set at approxi-  
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mately 15 ml/hr. Although an exlremely small 
amount  o f  material, this could represent a rate o f  
delivery exceeding normally depressed overnight 
salivary production,  and therefore be viewed as po- 
lentially overwhelming to even a normal  indivi- 
dual's protective mechanisms,  Perhaps in the future, 
slower infusion rates with an increased concentra- 
lion o f  isotope may be more realistic. 

In persons with tracheostomies,  oral dye im- 
pregnation allows verification o f  proximal tracheal 
penetration o f  saliva, but it useless in describing its 
extent in regard to volume, duration o f  retention, 
or ultimate p u l m o n a w  destination. The detection 
of pulmonary aspiration of  saliva is not  routinely 
l~ossible in patients suspected o f  having difficulties 
with oral secretions in the absence o f a  t racheostomy 
through which the contents of  the airway can be 
sampled readily. It may be that some persons thought 
to be at high risk actually aspirate minimal  amounts  
or that penetrated secretions remain confined to 
proximal, large airways and are cleared quickly, as 
m case 2. These subjects may represent a subpop- 
ulation of  salivary aspirators who are at reduced risk 
of PUlmonary sequelae. 

Although we believe that the scintigraphic tech- 
nique described is useful in allowing visualization 
of  the pulmonary  fate o f  aspirated secretions, there 
is as yet no evidence correlating the extent of  airway 
penetration with risk from pulmonary disease. Many 
questions remain regarding salivary aspiration: Do 
normal persons aspirate in their sleep? Is distal pen- 
etration of  saliva alone sufficient to give rise to clin- 
ical infection? Is the pathogenicity of  the saliva the 
critical factor, regardless o f  depth of  airway pene- 
tration? Future studies are needed to answer these 
questions, 

The three cases discussed represent preliminary 
experiences with a technique that deserves further 

clinical evaluation. The scintigraphic technique in- 
volves minimal  radiation exposure and is easily per- 
formed in any nuclear medicine department .  Its fu- 
ture application may  be relevant to such c o m m o n  
issues as the performance o f a  t racheostomy and the 
cuffing of  a t racheostomy tube where a more judi-  
cious use of  such procedures could result. Salivary 
labeling may also prove useful as a heretofore un- 
available diagnostic tool in patients who develop 
occult pneumonias  that cannot  be explained by the 
more likely occurrences o f  impaired swallowing of  
foodstuffs or reflux of  s tomach contents. 
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