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Abstract. Pulmonary aspiration was assessed using a 
scintigraphic swallowing procedure in 14 dysphagics in 
whom penetration of the larynx had been previously di- 
agnosed. No patient had recent evidence of aspiration 
pneumonia. Imaging was performed during and follow- 
ing ingestion of a cupful of thin liquid admixed with 
between 1-2 mCi of Tc-99m sulfur colloid. Follow-up 
scans were obtained several hours later as needed to 
assess airway clearance. Five of the fourteen (36%) 
showed penetration distal to the trachea. Seven (50%) 
were indeterminate for aspiration, as isotope localized to 
the neck could not be clearly designated as being in either 
airway or foodway. Two subjects had negative studies. 
Of patients with subtracheal penetration, (1) fractions of 
the ingested material which were aspirated ranged from 
<1%-25%, and (2) elimination from airways was com- 
plete or near-complete by 3 hours. The presence of an 
immediate or delayed cough was noted but did not corre- 
late with subtracheal aspiration. Based on the results of 
scintigraphy, 8 of 9 patients on some form of liquid 
restriction at the time of testing were allowed to ease 
restrictions. Five patients without prior liquid restriction 
were allowed to continue to drink. We propose that scin- 
tigraphy provides important data on airway penetration 
and clearance that is useful in the dietary management of 
dysphagic patients. 
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Aspiration is common in patients with dysphagia. For 
instance, it is reported that 50% of dysphagic stroke 
patients penetrate their airways to some extent [1]. The 
occurrence of aspiration is established most reliably and 
comprehensively by roentgenographic techniques. The 
video- or cine-fluorographic swallowing study remains 
the gold-standard for determining pathology of degluti- 
tion, assessing the presence of airway penetration by the 
food bolus, and formulating a dysphagia treatment plan 
[2]. Clinicians recognize, however, that fluorography is 
inadequate for determining the relative amount of mate- 
rial aspirated, the extent of the respiratory tree pene- 
trated, or the rapidity of that material's removal from the 
airways. These factors, among others, are thought to be 
critical determinants in the development of pulmonary 
disease following aspiration, i.e. pneumonia [3,4]. 

Scintigraphic methods are widely used in the 
analysis of alimentary tract disorders. Over the last de- 
cades, standard procedures have been developed to as- 
sess gastroesophageal reflux, esophageal and pharyngeal 
motility, gastric emptying, and pulmonary aspiration fol- 
lowing reflux [5-14]. The application of nuclear medi- 
cine tests to the oral and pharyngeal phases of swallowing 
is more recent. Scintigraphic analysis of both pharyngeal 
transit and retention during and following swallowing has 
been described by Hamlet [15,16]. Humphreys et al. [17] 
were the first to describe the use of isotopic techniques in 
the detection and measurement of aspiration at the time of 
ingestion in a series of head and neck cancer patients. 
Muz et al. [18] used scintigraphy in a larger series of 
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pa t ien ts  at r isk of  aspi ra t ion .  T h e i r  f ind ings  sugges ted  

that  sc in t ig raphic  and  f luorograph ic  m e t h o d s  were  com-  

p l emen ta ry ,  bu t  the  f o r m e r  was  more  sens i t ive  for  detect -  

ing asp i ra t ion  b e l o w  the glott is .  A la ter  s tudy by  the  s ame  

authors  [19] s h o w e d  that  the  nuc lea r  m e d i c i n e  test  was  

he lpfu l  in  fo l lowing  the  t empora l  course  o f  a p a t i e n t ' s  

dysphag i a  dur ing  and  af ter  t r e a tmen t  for  head  and  n e c k  

cancer .  S i lve r  et  al. [4] s tudied  p r imar i ly  s t roke  v ic t ims  

wi th  d o c u m e n t e d  asp i ra t ion  and  sugges ted  tha t  sc int igra-  

phy  could  ident i fy  pa t ien ts  wi th  poten t ia l ly  b e n i g n  aspi-  

ra t ion.  The  m e a s u r e m e n t  o f  a i rway  c lea rance  was cons id-  

e red  to be  an  add i t iona l  p a r a m e t e r  b y  w h i c h  to gauge  the  

sever i ty  o f  aspi ra t ion .  

A l t h o u g h  sc in t ig raphy  depicts  the ex t ens iveness  

o f  asp i ra t ion  be low the glott is  in  ways  not  poss ib le  wi th  

s tandard  f luorograph ic  swa l lowing  tests ,  few inves t iga -  

tors  have  desc r ibed  us ing  sc in t ig raphy  in fo rmu la t i ng  

speci f ic  t r ea tmen t  for  the  dysphag i c  pat ient .  'In p u b l i s h e d  

abs t rac ts  of  sc ient i f ic  p roceed ings ,  severa l  authors  re- 

po r t ed  bas ing  c l in ical  m a n a g e m e n t  o f  d y s p h a g i a  o n  the  

sc in t igraphic  m e a s u r e m e n t  o f  a sp i ra t ion  and  a i rway  

c learance ,  bu t  d id  not  desc r ibe  these  f ind ings  in detai l  

[ 20 -22 ] .  Our  goal  was  to assess  h o w  the  resul t s  of  a 

sc in t ig raphic  swa l lowing  tes t  a l te red  the  c l in ical  m a n a g e -  

m e n t  of  14 pa t ien ts  wi th  k n o w n  a i rway  pene t ra t ion .  

Materials and Methods 

Subjec ts  

Fourteen patients with either recent onset or long-standing dysphagia 
[7] were referred for scintigraphic swallowing evaluation to determine 
whether to continue or resume oral feedings of liquids. Ten subjects 
were inpatients on a rehabilitation unit at the time of study; the remain- 
ing were outpatients. Etiology of the dysphagia was as follows: cere- 
brovascular accident (n = 10); myopathy (n = 2); Arnold-Chiari mal- 
formation (n = 1); and status post cardiac valvular surgery (n = 1). 
Three patients had a tracheostomy. All subjects were initially evaluated 
by the Johns Hopkins University/Good Samaritan Hospital dysphagia 
service. Laryngeal penetration by liquid or solid food had been demon- 
strated in all subjects either by a prior videofluorographic barium swal- 
lowing study or by recovery of ingested material from the trache- 
ostomy. The chronicity of the swallowing impairment at the time of 
scintigraphy was defined arbitrarily as "recent onset" if 10 weeks or less 
since onset of symptoms, or "chronic" if greater than 10 weeks. For the 
nontracheotomized subjects [11], the scintigraphic swallowing study 
followed the fluoroscopic test by a mean of 7.2 days in the recent onset 
group (6 subjects, range 3-13 days); and by 45.0 days in the chronic 
group (5 subjects, range 6-95 days). For patients without a tracheo- 
storey, symptoms of dysphagia had been present a mean of 30.3 days 
(range 17-49) in the recent onset group and 317.4 days (range 110-515) 
in the chronic group prior to the most recent abnormal videofluoro- 
graphic swallowing test. In those with tracheostomies, aspiration was 
demonstrated up to the time of scintigraphy in all cases. No patient had 
had recent clinical evidence of aspiration pneumonia. At the time of 
scintigraphy, most patients (9) were on some form of dietary modifica- 
tion because of the prior illustration of aspiration. Of these, 1 was 

allowed nothing by mouth, 2 were restricted from thin and thick liquid 
consistency liquids, 4 were restricted from thin consistency liquids, 1 
was allowed to drink all liquids but only during assisted ventilation per 
tracheostomy, and 1 was limited to small volumes of liquids per drink. 
Five individuals had been allowed unmodified diets by the dysphagia 
treatment team despite the potential risk of pulmonary sequelae. 

Scintigraphic Technique 

All patients were studied in an upright seated position using a large- 
field-of-view gamma camera with an all-purpose collimator and an 
interfaced computer. Data were simultaneously recorded on film and 
saved on floppy disk for later regional analysis. While seated, each 
subject was asked to drink from either cup or straw 75-100 cc of fruit 
juice containing 1,000-2,000 ~Ci of Tc-99m sulfur colloid. The large 
volume of liquid was employed to simulate a more normal drinking 
circumstance, assuring multiple swallows per examination and thus 
maximizing the occurrence of aspiration given an underlying propen- 
sity. The radionuclide dose was selected based on our prior studies [4] 
which showed it to be adequate in optimizing residual activity on 
delayed imaging but minimizing hazardous exposure. 

Most subjects were imaged both dynamically during swallow- 
ing as well as statically following completion of the swallowing. In 
contrast to our previous study [4], dynamic imaging was performed 
anteriorly with the patient facing the camera and the field of view 
encompassing the neck and upper chest. This position lends itself to 
identifying subtracheal aspiration rather than laryngotracheal aspira- 
tion for which the latreral oblique view is advantageous. Dynamic 
imaging began at the onset of swallowing with acquisition every 
5 sec sequentially and continuously until either the contents of the cup 
were drained or the swallowing was otherwise stopped. Reasons for the 
latter included excessive coughing during swallowing or difficulty 
maintaining correct position. Dynamic imaging generally lasted about 
30 see. A faster frame rate of acquisition during the swallows was not 
necessary given the focus on the slower process of subtracheal aspira- 
tion in contrast to the more rapid events associated with the swallow 
itself. Care was taken to avoid spillage of oral contents during swal- 
lowing. One subject did not undergo dynamic acquisition secondary 
to positioning problems related to severe deficits in neuromuscular 
control. 

All subjects underwent a subsequent static phase of imaging 
immediately following completion of swallowing. Each subject took 
several sips of untagged water, swished, and expectorated to clear the 
oral cavity of residual isotope. Subsequently, subjects swallowed sev- 
eral mouthfuls of either plain water or pudding to clear the foodway of 
retained and potentially obscuring isotope. Images were then acquired 
for 2 min in an anterior view of the chest, followed by an additional 
2-min collection of the lower chest and abdomen. If isotope was noted 
in the neck region after clearance swallows, then lateral neck images 
were obtained by asking the subject to rotate the head maximally and 
imaging for an additional 1 min. This was done in an attempt to 
distinguish laryngotracheal penetration from foodway residuum. Addi- 
tional posterior, lateral, or oblique images were obtained as needed to 
assist in localizing the isotope. Similarly, cobalt markers were affixed 
to the jaw angle, laryngeal prominence, sternal notch, and xyphoid 
when necessary. 

To assess clearance of aspirated material, follow-up scans were 
obtained when indicated. Subjects were reimaged anterioral for 2 min if 
the immediate scans suggested either subtracheal or laryngotracheal 
penetration. These delayed scans were performed at 3 h and 6 h post- 
ingestion, as necessary, based on persistence of activity. Two patients 
with possible laryngotracheal-only aspiration were not able to return for 
the planned follow-up images. 
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Data Collection and Analysis 

All imaging data were reviewed by both authors. Dynamic and imme- 
diate postswallow scans were classified as either (1) negative, defined 
as no activity noted lateral to the midline that was distinct from the 
esophagus and stomach on anterior views of the thorax, and in the neck 
region on anterior or lateral views following clearance swallows; (2) 
indeterminate, defined as no activity lateral to midline in the chest, yet 
evidence of residual isotope in the neck region; or (3) positive, defined 
as activity lateral to the midline in the chest. 

Positive scans, both immediate postswallow and follow-up, 
were further analyzed for a relative percentage of aspiration. Counts 
were obtained for regions of interest drawn around areas of presumed 
aspiration in the chest. In some cases, a region of interest also included 
centrally located isotope if it appeared contiguous with activity extend- 
ing off-midline. Separate regions of interest were constructed to include 
all other activity referrable to the esophagus and gastrointestinal tract. A 
percentage of material aspirated was calculated using the formula 
PA = RA x 100/RT, where PA was the percentage of aspiration, RA 
was the radioactive count in the regions of presumed aspiration, and RT 
was the total count from all regions of interest, both pulmonary and 
extrapulmonary. Counts measured in analysis of 3- and 6-h postswal- 
low data were adjusted for decay of the radioisotope using appropriate 
formulas. 

The management of the patient's dysphagia at the time of scin- 
tigraphy, with particular reference to dietary prescription, was noted. 
This information was obtained by patient interview as well as review of 
the records. Recommendations for changes in dysphagia management 
were made jointly by one of the authors and the dysphagia treatment 
team and were based on the results of the scintigraphic test and the 
clinical history. Dietary recommendations were compared with both the 
preseintigraphic restrictions as well as the final diet agreed upon by the 
patient and the attending physician. 

Because cough has been assumed to be an indicator of aspiration 
and subsequent airway clearance, its presence or absence during the 
swallowing of the isotope was noted. Coughs were subdivided into 
immediate or delayed, based on time of occurrence during the act of 
drinking. Statistical analysis was performed to assess correlation with 
the degree of positivity of the scintigraphic test. 

Results 

Of the 14 subjects studied, 5 (36%) had scans indicating 
penetration of the airway distal to the trachea, 7 (50%) 
had scans indeterminate for laryngotracheal-only pene- 
tration, and 2 (14%) had negative studies defined as no 
evidence of isotope in the airways at any level (Table 1). 
Figures 1, 2, and 3 are scintigrams that demonstrate the 
various categories of aspiration severity. Of those posi- 
tive for subtracheal aspiration, 2 subjects had evidence of 
penetration into both lung fields. One of these individuals 
showed bilateral aspiration only during the dynamic 
phase of swallowing. The initial static scans demon- 
strated exclusively left lung involvement, suggesting ef- 
fective and rapid clearance of the right bronchus. The 
other demonstrated off-midline activity in the chest on 
both dynamic and static imaging. All three instances of 
unilateral aspiration involved the right side. 

The calculated fraction of material aspirated 
ranged from less than 1% to approximately 25% (quanti- 

fication data for subject no. 5 was lost due to computer 
disk malfunction). Airway clearance was rapid in all 
cases. In 2 subjects, clearance of isotope from the subtra- 
cheal airways was complete by 3 h. The patient in whom 
25% of the bolus was aspirated into bilateral airways 
eliminated all activity from the left side and 98% of 
activity from the right by 3 h. Two other aspirated suffi- 
ciently small amounts of isotope initially (less than 1%) 
that residual activity noted at 3 h was impossible to quan- 
tify with any degree of accuracy. In 1 case, most of the 
activity was gone; in the other, corrected counts sug- 
gested insignificant elimination on follow-up. More pre- 
cise localization of the isotope within the subtracheal 
respiratory tree was more difficult. In 2 subjects, isotope 
could be clearly designated as residing only in the main- 
stem bronchus. In a third, activity, initially noted only in 
the mainsteam bronchus, appeared on delayed images to 
have migrated into more peripheral, smaller airways. The 
off-midline activity in 2 other subjects corresponded to 
more of a broncholobar pattern. 

Following the completion of swallowing, activity 
remained in only the neck or midline upper chest regions 
in 7 subjects (indeterminate group). In these cases, we 
were unable to precisely localize isotope to either airway 
or foodway. In none of these subjects was activity in the 
neck region distinguishable as adjacent anterior and pos- 
terior channels on the lateral view, a finding that would 
have assisted us in identifying proximal airway inocula- 
tion. Additionally, none of these patients who returned 
for delayed imaging showed migration of questionable 
laryngotracheal material into the lungs per se. 

Of 9 subjects on some form of dietary modifica- 
tion at the time of scintigraphy, 8 (89%) were allowed to 
ease restrictions. Seven subjects were instructed to liber- 
alize diets to include all liquids without limitations. One 
of these used positive pressure insufflation per trache- 
ostomy for clearing aspirated liquids. Following scintig- 
raphy, he was advanced to drinking off the respirator. 
Another patient who had been placed on bolus volume 
restrictions was allowed to drink ad lib. The premature 
hospital discharge of 1 subject precluded diet liberaliza- 
tion being enacted. Liquid restriction was only partially 
lifted in the eighth subject despite complete clearance of 
subtracheal isotope at 3 h. This decision was based on our 
inability to calculate a percentage of ingested liquid aspi- 
rated (damaged disk), as well as his advanced age and 
physical frailty. All 5 subjects who were already drinking 
without restriction at the time of scintigraphy were al- 
lowed to continue as such based on either lack of defini- 
tive aspiration beyond the trachea or demonstration of 
prompt airway clearance. For 1 individual, continued 
dietary restriction was suggested because the fraction of 
swallowed material aspirated was high (25%), advanced 
age, and frailty. 
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Table 1. Study population characteristics and results 

Onset-vfss a 
Subject Age Diagnosis (days) 

Diet 
Restriction 

Scint 
Vfss-scint b study Presence Pre- Post- 
(days) results of cough scint scint 

1 71 Cardiac/ 68 14 
tracheostomy 

2 82 Cardiac 243 6 
valvuloplasty 

3 60 Unilateral 24 6 
hemispheric CVA 

4 41 Unilateral 17 3 
hemispheric CVA 

5 80 Unilateral 43 5 
hemispheric CVA 

6 63 CerebeUar CVA 412 10 
7 35 Arnold-Chiari 575 65 

malformation/ 
ventilator 

8 72 Bilateral 49 13 
hemispheric CVA 

9 25 Muscular 133 14 
dystrophy/ 
ventilator 

10 60 Unilateral 32 11 
hemispheric CVA 

11 78 Brainstem CVA 515 32 
12 33 Bralnstem CVA 307 95 
13 61 Brainstem CVA 17 5 
14 68 Brainstem/ 110 82 

cerebellar CVA 

I Yes No No 

P Yes Yes Yes 

I Yes No No 

P Yes Yes No 

P Delayed Yes Yes* 

P Yes Yes Now 
I No Yes No 

I Yes Yes No 

N No No No 

N Yes No No 

I Delayed Yes No 
I Yes Yes No 
P Yes No No 
I No Yes No 

I = Indeterminate result; P = positive for subtracheal aspiration; N = negative result; CVA = cerebrovascular accident. 
alnterval between onset of dysphagia and most recent videofluoroscopic swallowing study (vfss). 
blnterval between the videofluoroscopic and scintigraphic (scin) swallowing studies. 
CDiet restriction lessened but not stopped. 
aCessation of diet restriction recommended but not followed. 

The frequency of aspiration detected by scintigra- 

phy was compared between recent onset and chronic 

dysphagic groups. Using two separate definitions of pos- 
itive scintigrams, both of which included and excluded 
the indeterminate group, there was no significant differ- 
ence in proportion of positive scinfigrams between sub- 

jects with dysphagia less than or greater than 10 weeks 
(Fisher's exact test p = 0.5 for both definitions). 

The presence of coughing during the swallowing 
phase of the scintigraphic study was also examined for a 
relationship to the degree of positivity of the test for 
aspiration. Separate statistical analyses using two by two 
contingency tables were performed for both cough with 
and without a delayed component and for scintigram 
posifivity including and excluding the intermediate 
group. Statistical significance was only noted comparing 
the liberal definitions of both positive scintigram (posi- 
tive plus indeterminate) and cough (immediate and late) 
(Fisher's exact test p = 0.05). The number of subjects, 

however, who did not cough during drinking was small 

among groups both positive and negative for aspiration. 

Discussion 

The decision to either continue or further limit liquid 
intake in a person who aspirates often occurs without 

knowledge of the fate of the material penetrating the 
glottis. In individuals so diagnosed, liquid may or may 
not migrate further into the respiratory tree. Moreover, 
those with penetration may or may not effectively protect 
themselves from the offending substances by mecha- 
nisms of airway clearance such as cough or mucociliary 
transport. The determination that no, or a relatively small 
amount of, material is aspirated below the trachea, or that 
airway clearance is prompt and complete should be clini- 
cally useful in the formulation of a feeding plan. The 
standard methods of assessing swallowing fluorographi- 
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Fig. 1. Anterior thoracic images of subject I(A) immediately following ingestion showing bilateral aspiration (arrows) and (B) 3 h later with residual 
isotope remaining only in the left lung field (arrow). Isotope more inferior and lateral represents the gastrointestinal tract. 
Fig. 2.A Depiction of aspiration localized primarily to the fight malnstem bronchus immediately after swallowing (arrow) on anterior views in subject 
5. B Complete clearance at 3 h. Midline markers seen affixed to the laryngeal prominence, sternal notch, and xyphoid. 

cally, however, do not adequately address these issues. 
Isotopic tests have been shown to be capable of  judging 
the severity of  aspiration, yet few studies have described 
their use in the clinical management of  swallowing disor- 
ders. Although some [18,23] have suggested that pru- 
dence be exercised if a critical percentage of material is 
aspirated, no paper has been published that details the use 
of the scintigraphic swallowing test in making specific 
alterations in treatment. The experiences presented here 
demonstrate how information concerning severity of  air- 
way penetration beyond what is available with standard 
videofluorography can influence treating the patient who 
aspirates. 

For this investigation, feeding recommendations 
were based on a global consideration of many factors that 

were believed to contribute to the development of  aspira- 
tion pneumonia. These included the presence and depth 
of airway penetration, the estimated fraction of material 
aspirated, the completeness of  clearance at 3 h postinges- 
tion, and historical features such as a record of recent 
pneumonia, age, and physical frailty. It was generally 
recognized that dietary recommendations based on scinti- 
graphic data did not preclude the eventuality of  respira- 
tory disease, however, the demonstration of no or mini- 
mal deeper airway penetration and/or vigorous clearance 
contributed substantially to confidence in the subsequent 
decisions on feeding. Because the study involved exclu- 
sively liquid alimentation, alterations in the subjects' 
solid food diets were not considered. 

We assumed subjects whose studies were nega- 
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Fig. 3. An example of an indeterminate study. Following swallows of 
nonisotopic water to clear the foodway, activity remains just inferior to 
the laryngeal marker (arrow). Lateral views (not shown) were unable to 
identify the residual isotope as localized to either airway or foodway. 

tive either did not aspirate during drinking a cup of thin 
liquid, or did so, but cleared the airways and foodways so 
rapidly that it was not detected. An alternate explanation 
is that isotope was present in the airways but the tech- 
nique was insufficiently sensitive to detect it. The latter 
point is considered unlikely according to our experience 
and the experiences of others which demonstrate scintig- 
raphy to be a sensitive technique for detecting extremely 
small amounts of isotope [4,17,18]. Although it is true 
that test-retest reliability was not assessed, our methodol- 
ogy included multiple swallows of liquid rather than sin- 
gle swallows, the former being a feature that enhances 
the chance that aspiration will occur if the potential is 
present. Neither subject with a negative study (subjects 9 
and 10) had been restricted from liquid consistencies at 
the time of scintigraphy. One had intermittent coughing 
associated with fluorographically demonstrated subglot- 
tic penetration, and the other had small amounts of food 
and liquid occasionally suctioned from a tracheostomy 
tube. Although neither had had recent pulmonary infec- 
tions, questions remained prior to the nuclear medicine 
study as to the relative safety of allowing continued 
drinking. Based on the demonstration that no isotope was 
detected in the airways either during or immediately fol- 
lowing the swallowing, it was concluded that aspiration 
was unlikely and that liquids need not be restricted. 

All subjects designated as indeterminate for 
laryngotracheal-only aspiration were also allowed to ei- 
ther advance to less restrictive diets or to continue with- 
out restrictions. In this group, it was unclear if isotope 
noted in the neck region was truly in the supracarinal 
airways. In the worse-case scenario, if liquids were aspi- 
rated to the laryngotracheal level without immediate or 
delayed innoculation of more distal airways, we believed 

this represented a more benign pattem of aspiration that 
was unlikely to result in respiratory infection. 

The decision of whether to liberalize drinking in 
the presence of subtracheal aspiration was more com- 
plex. In 2 of the cases the estimated percentage aspirated 
was less than 1% of the ingested liquid. Although small 
amounts of residual isotope were noted at 3 h in each 
case, the fraction cleared was difficult to measure be- 
cause the number of counts was low. For subject 4 the 
isotope remained confined to the mainstem bronchus. In 
contrast, delayed imaging showed the activity having 
migrated to more distal airways for subject no. 6. In these 
cases, although isotope entered the subtracheal airways, 
the material aspirated represented such a small volume 
that contamination was believed to be of low conse- 
quence, given other clinical factors. 

In 2 other subjects the estimated amount aspirated 
was probably greater. Clearance, however, was complete 
at 3 h in each case. In subject no. 13, a maximum of 6% 
of the ingested isotope was noted in a left broncholobar 
pattern, and in subject no. 5 the regional count analysis 
could not be done because of technical problems. In the 
latter, isotope was noted only in the right mainstem bron- 
chus and appeared to be more than just a trace amount. 
Subject no. 13, who had not had dietary restrictions at the 
time of the study, was allowed to continue to drink all 
consistencies, based in part on a negative recent history 
for pulmonary infection. Subject no. 5, however, was 
more conservatively managed because of his advanced 
age (80 years), a generally frail medical condition, and 
uncertainty as to the fraction of material aspirated. Ac- 
cordingly, he was allowed thick liquids per mouth but 
thinner consistencies continued to be restricted. For sub- 
ject no. 2 it was thought that the 25% aspiration was 
significant and represented a risk to health, despite the 
demonstration that he was able to entirely clear the left 
broncholobar activity and approximately 98% of fight 
bronchial activity by 3 h. Other factors considered in this 
decision were his advanced age (82) and general frailty. 
Interestingly, according to his medical record, he did not 
subsequently develop pulmonary infections in spite of 
not following dietary restrictions. 

The relationship of cough to airway penetration is 
inconstant. Some individuals who aspirate material into 
the airways cough vigorously and immediately. In oth- 
ers, due to sensory or motor impairments, the cough 
reflex is weak, delayed, or absent [24]. Studies of bed- 
side dysphagia evaluation [25] have not shown the pres- 
ence of cough to be a reliable predictor of aspiration. In 
this study we attempted to assess if coughing during or 
following ingestion was positively correlated with the 
severity of aspiration. We were unable to establish a 
strong relationship between the presence of cough, either 
immediate or delayed, with the positivity or negativity of 
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the scintigram for aspiration. Immediate coughing was 
present in 9 subjects (64%) and delayed coughing in an 
additional 2 (14%). Of these 11 patients, 5 (45%) had 
isotope imaged below the trachea, and 5 (45%) had 
equivocal studies. If in fact coughing signifies airway 
penetration, its presence or timing did not serve to distin- 
guish tracheal from subtracheal aspiration as depicted 
scintigraphically. 

Our prior study [4] was criticized for not having 
strictly minimized the interval between the radiographic 
demonstration of glottic penetration and the scintigraphic 
test. It was suggested that scintigraphy, in contrast to 
fluorography, had not revealed definitive aspiration be- 
cause the patient's dysphagia had improved in the in- 
terim. Although the interval between studies may still 
explain some of the negative or indeterminate results in 
the study presented here, our purpose was less to com- 
pare fluorography with scintigraphy than to demonstrate 
the latter's usefulness in clinical management of already 
documented aspiration. However, to better place the 
scintigraphic study in a temporal context, we related the 
interval between swallowing studies to the duration of 
dysphagia symptoms by retrospectively dividing the sub- 
jects into recent onset and chronic dysphagia groups. The 
scintigram followed fluorographically demonstrated as- 
piration by an average of only 7 days in the former, and 
45 days in the latter. Based on the short interval between 
studies, we presumed that those with dysphagia of more 
recent onset were still likely to be aspirating at the time 
scintigraphy was performed. Similarly, it was assumed 
that individuals in the chronic group, with fluorographi- 
cally demonstrated aspiration at a mean of 317 days from 
dysphagia onset, were likely to still have airway penetra- 
tion despite the greater delay between their radiographic 
and scintigraphic studies. There were no significant dif- 
ferences between the two groups in their respective pro- 
portions of positive or equivocal studies. 

The described techniques for measuring the frac- 
tion of material aspirated are inexact. The present meth- 
odologies for comparing total counts ingested to counts 
aspirated disregards differing attenuation of body tissues 
and variable distances between the underlying radioactiv- 
ity and the gamma camera. For example, two similar 
doses of isotope may have quite different counts if one is 
situated more posteriorly in the thorax than the other. 
Additionally, accuracy is lost in failing to calculate the 
precise dose administered orally and to account for mate- 
rial expectorated or retained in the mouth. However, the 
present technique does allow a gross calculation of the 
amount of subglottic penetration, and thus has use in 
estimating the general severity of the swallowing disor- 
der. For greater accuracy, it will be necessary to develop 
methodologies that account for attenuation of the thorax 
and distance from the underlying activity to the camera, 

as well as determine more precisely the dosage prior to 
ingestion. 

Accuracy in detecting isotope in the laryngotra- 
cheal region is also limited with the present technique. In 
not 1 of the 14 subjects was isotope localized to the 
larynx or trachea as distinct from the adjacent foodway. 
This difficulty is probably due to our inability to obtain a 
true lateral image of the neck because of camera configu- 
ation, poor resolution inherent in scintigraphy, and posi- 
tioning limitations imposed by physical impairments. 
Moreover, patients referred for scintigraphy commonly 
have associated abnormalities in pharyngeal and esoph- 
ageal clearance. Such retention of isotope in the neck 
complicates identification of activity in the airway. In 
these cases, we are presently assessing inhaled radioac- 
tive xenon-133 as an internal laryngotracheal marker that 
would more clearly distinguish airway from foodway. 

Much remains unknown regarding the true risks 
of aspiration, even if the volume penetrated is small and 
elimination prompt. The group of subjects studied here 
may not have been truly representative of all patients who 
aspirate, as they were not randomly selected, were gener- 
ally healthy without significant cognitive impairment, 
and had not had recent pneumonia despite, in most cases, 
continuing to eat and drink. For those individuals deemed 
at increased risk to develop respiratory infection follow- 
ing aspiration, i.e., those with severe dementia, immuno- 
compromise, significant concurrent medical illness, or 
alternation in level of consciousness, the consequence of 
laryngeal penetration, even in small amounts and tran- 
siently, may be more serious. For these reasons it is 
important to place the findings of swallowing tests, either 
scintigraphic or fluorographic, in a global clinical con- 
text. For our study population, we are not aware of the 
subsequent development of respiratory disease in any of 
the subjects, although approximately half have been lost 
to follow-up by our service. The intent of our investiga- 
tion was not to correlate aspiration severity, as measured 
by the scintigraphic swallowing test, with the risk of 
developing pulmonary disease. Rather, we have shown 
how decisions on feeding management were altered with 
a measure of aspiration that was otherwise unavailable 
with conventional techniques. It must also be kept in 
mind that, as with radiographic methods, a patient's per- 
formance on the isotopic test in not necessarily represen- 
tative of his or her swallowing behavior in other circum- 
stances. 

Some clinicians will allow patients to continue to 
drink despite laboratory demonstration of airway pene- 
tration. In these cases it is usually assumed that the de- 
gree of aspiration is mild and, because the patient is in 
generally good health and has not to date developed 
pneumonia in spite of drinking liquids, of little conse- 
quence. Conversely, others may opt for prescribing 
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restricted diets solely due to ambiguity regarding the 
significance of  the aspiration documented videofluoro- 
graphically. Our impression is that both practioners and 
patients are often uncomfortable with the risks of  permit- 
ting ongoing aspiration, particularly where there is uncer- 
tainty about the patient's ability to tolerate it. The utility 
of  the scintigraphic test lies primarily in its provision of 
additional data concerning the severity of airway penetra- 
tion. We believe the most beneficial use of  this test is 
identifying the absence of  persisting subtracheal aspira- 
tion (negative or indeterminate categories) in the face of  a 
positive radiographic study. Subtracheal aspiration needs 
to be interpreted more cautiously. Although the findings 
of  aspiration limited to small volumes and subject to 
rapid airway clearance theoretically suggests a lower risk 
of  disease sequalae, and led to dietary liberalization in 
some of  our study group, the correlation has not been 
rigorously proven. Future research needs to examine the 
relationship between the magnitude of  subtracheal aspi- 
ration and the subsequent development of  pulmonary ill- 
ness. 

The morbidity associated with imposing fluid- 
restricted diets or performing pharyngeal or airway by- 
pass surgery on individuals who penetrate the airway 
with food or liquid, however, is not insignificant [26]. 
For instance, dehydration as a consequence of  limiting 
liquid intake is a real concern in the elderly in whom 
self-regulation of  fluid balance has been shown to be 
impaired [27]. For others, the quality of  life may be 
diminished by prolonged prohibition of  fluids. The prac- 
titioner at times requires clinical data that assists him/her 
in balancing the risks of  continued aspiration with those 
of prolonged dietary restriction or surgical intervention. 
In this regard, it is desirable to more adequately define 
the relative severity of  aspiration. Not all patients in 
whom aspiration has been demonstrated will be candi- 
dates for the scintigraphic swallowing test. We believe 
that for selected individuals with documented aspiration 
in whom the prescribed dysphagia treatment is not ac- 
cepted or otherwise possible, isotopic swallowing stud- 
ies, by identifying airway penetration that is limited or 
vigorously cleared, can assist in the decision as to 
whether to restrict liquid ingestion. 

Conclusion 

Scintigraphic techniques are able to define the severity of  
aspiration based on measurement of  the relative amount 
of  material aspirated, the depth of  airway penetration, 
and the rapidity and efficiency of  airway clearance. In 
this study we have demonstrated the application of  a 
nuclear medicine swallowing study to prescribing treat- 

ment for patients prone to aspiration of liquids. Although 
the place of  scintigraphy in the management of  dysphagia 
is not clearly defined at this time, we believe it is pres- 
ently useful for selected patients with known aspiration in 
whom further understanding of the extensiveness of  aspi- 
ration would be critical to the decision of whether to 
allow liquids by mouth. 
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