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Abstract. The swallowing function of 31 normal
and dysphagic subjccts between the ages of 39 and
79 was tested with both vidcofluoroscopy and scin-
tigraphy. Pharyngeal transit times for the pair of
tests were compared. A statistically significant cor-
relation of 0.66 was found. Normal pharyngeal
transit time was under 1.2's with cither method,
but mean values for scintigraphy were slightly lon-
ger than those for videofluoroscopy.
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Timed videofluoroscopy is currently considered
the preferred single technique lor assessing swal-
lowing. The physical mechanism of swallowing
function is revealed and it is possible to quantify
both temporal and spatial aspects of the activity.
However, quantitative measurements from videco-
fluoroscopic data are time consuming, and may in-
volve a significant component of human judgment.
Therefore, 1t would be useful to find alternative
or adjunctive techniques that can be more easily
automated.

A scintigraphic assessment of swallowing [1-3]
provides a history of the concentration of swal-
lowed radionuclide material relative to anatomical
landmarks. The detailed anatomical mechanism of
swallowing is not investigated. The emphasis in
a scintigraphic evaluation is the dynamic transfer
of the bolus material, the quantification of amount
of material passed or retained, and the time re-
quired for various phases of the swallow.

Although scintigraphy has been utilized for
some time in nuclcar medicine for the study of
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bolus transit in the esophagus [1, 4-6], its applica-
tion to the oral and pharyngeal phases of swallow-
ing is quite recent [2, 3]. A new application requircs
comparison to established technigues for evalua-
tion and validation, even though the new technigque
may rest on strong scientific principles. We report
here the pharyngeal transit time mcasurements us-
ing two techniques applied to the same population.

Subjects and Methods

This comparative study used data from a total of 31 subjects-
Nincteen were patients with head and neck cancer between the
ages of 39 and 79 (mean, 59.1 years) who had enrolled in 8
rescarch protocol on swallowing cffects associated with various
cancer treatment strategies. This group did not include postlar-
yngectomy patients. Their swallowing function ranged from ab-
normal 1o severcly dysphagic. Twelve additional subjects wert
normal healthy controls from the same research protocol, rang”
ing in age from 40 to 70 {mean, 51.6). ]
Alf subjeets underwent both a videoNuoroscopic and a sein-
tigraphic test of swallowing function. Some of the cancer pa-
ticuts were tested repeatedly, before and after various stages
of treatment. For cach testing an attempt was made to schedule
the videolluoroscopic and scintigraphic tests on the same day:
however, in some instances the tests were scheduled on different
days (6 tests Iess than 1 wecek apart, 2 tests between 1 an
2 weeks aparl, and 4 tests between 2 weeks and 30 days apart)
A total of 46 comparisons were available from the 31 subjects
Attempts were made to test 4 additional patients, but theif
data were not usable for this comparison. The videofluor®”
scopic lest began with a swallow of 3 ml of liquid bariwm.
If the patient was dysphagic and showed severe aspiration. the
test was discontinued. In this study comparisaons were mi}dc
only between videofluoroscopic and scintigraphic data using
swallows of 10 mi of liquid. in the scintigraphy protocot thet®
was a 6 s time constraint for data acquisition. Certain dysphtlg“:
subjects who had great difficulty in the oral formation of #
bolus could not complete a swallow in that amount of time.

Scintigraphy

Two cobalt markers were placed on the patient at the fighl
angle of the mandible and at the level of the ericoid cartilag®
with the Jarynx at rest. The placements were intended o 2F
in demarcating the entry and exit to the pharynx. The subjcet
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Fig, 1, Computer image generated for swallowing of radiouctive
tracer. Regions ol interest are (1) oral cavily, (2) pharynx, and
{3) marker at the angle of the mandible,

Wwas then placed in an crect right anterior oblique position
against the scintillation camera, which was interfaced to a com-
buter. A low-cnergy, all-purpose collimator was used for these
Sudies. A mixture of 0.5 ml of 2.5 mCi (92 MBq) [??™Tc] sulfur
olloid in 10 ml of thin barium was given (o the subject to
h_old in the mouth and swallow on commuand. This concentra-
ton of sulfur colloid did not materially alter the viscosity of
the barium. Simultancously with the command to swallow,
Computer data acqusition was initiated and allowed to run for
65 at 16 frames/s. Estimated (otal body radiation was
0.043 ruds [1).

Once data acquisition was complete, the data were dis-
Played and reviewed (Fig. 1). The pharyngeal region was identi-
fied by visual inspection and identification ol natural bound-
f‘rigs in the scintigraphic display, which occurred in close prox-
IMity 1o the anatomical markers. The markers alone were used
When no obvious natural boundary could be seen. A plot (lime
Curve) was then gencrated by computer, representing the total
"adiation counts present in the pharyngeal region through time.

Videos luoroscopy

The subjects were tested in a standing position. The assessment
Cgan with a lateral view of a swallow ol 3 m] of conventional

vy

liquid barium suspension (40% w/w), followed by u lateral view
of the 10 ml swallow of barium. The estimated radiation expo-
sure from the equipment used was 2.68 rads/min: most swal-
lows can be recorded within 2s.

Data were recorded on videotape at 30 frames/s. A digital
timing signal accurate to centiseconds appeared on cach frame.
Pharyngeal transit times were calculated from this recorded
timing information. Two frames were identified rom frame-by-
frame viewing of the videotape.

The first frame showed onset of pharyngeal entry, where
the lcading cdge of the bolus had just reached the anterior
border of the vertical ramus of the mandible, but had not passed
beyond it (Fig. 2) and the bolus began its rapid descent into
the pharynx. This criterion was modified for those subjects who
held the bolus initially with a portion cxtending posterior (o
that location. In those patients the index of onset of pharyngeal
entry was the first posterior movement of the leading edge of
the bolus. as it began its rapid descent into the pharynx. This
measurement criterion was based on similarity to scintigraphic
pharyngeal demarcation, and case ol reliable judgment of bolus
position and activity.

The second frame identifted was the end of pharyngeal
exit. where the trailing edge of the bolus had passed the superior
border of the upper esophageal sphincter (Fig. 2). ldentification
of the frame representing pharyngeal exit at times presented
a problem in patients with pharyngeal retention. In these cases
an estimate was made based on pereeived passage of the buik
of the bolus and complction of the swallow.

Results and Discussion

An example of a scintigraphic time curve for the
pharynx is shown in Fig. 3. The curve builds from
basclinc to a peak as the bolus enters and accumu-
lates in the pharynx, and then declines as the bolus
begins to exit into the esophagus and further influx
ends. Pharyngeal transit time can be determinced
directly from such a curve, if one measures from
the frame just prior to the point of curve ascent
to the time when the curve returns to baseline or
residual value.

Normal Subjects

Table 1 provides values for pharyngeal transit time
for the two measurement techniques, based only
on the normal control subjects. For normal sub-
jecets the pharyngeal transit times were all under
1.2 s, but the mean time mecasured via videofluoro-
scopy was 120 ms longer than that measured via
videofluoroscopy for the 10 ml bolus.

A study such as this, using only a dozen normal
subjeets with one swallow per volume of liquid
in cach test, can only give an indication of the
range of normal values. A truc normative study
should systematically study different bolus vol-
umes and consistencics. This is especially impor-
tant for scintigraphy, which is only beginning to
be used for assessing the pharyngeal phase of swal-
lowing. Procedures for evaluating swallowing are
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Fig. 3. Pharyngeal transit time (0.5 s) delincated by two vertical
lines on the pharyngeal transit curve.
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not standardized, and it has yet to be determined
what combinations of bolus volumes, consisten-
cies, and sequences would give the best indications
of habitual swallowing function.
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Fig. 2. Video print of one frame ol
videoluoroscopic data showing demarcation
of pharynx. vx, anterior border of the
vertical ramus of the mandible: v, superior
edge of cricopharyngeus. Qutline of the
pharynx has been traced digitally for
emphasis. A coin taped under the chin and
a miniature accelerometer taped to the
throat are also visible in the image.

Table 1. Pharyngeal transit time based on 12 normal subjects

Videofluoroscopy Scintigraphy
Mean (s) 0.71 (.83
Range () 0.43-1.11 0.74 1.17

Correlation and Within-Subject Differences

A scatter plot of the data is shown in Fig. 4. It
can be scen that correspondence cxists for pharyn-
geal transit times measured by the two technigues-
With computation based on normal subjects and
patiecnts combined the correlation coefficient
(Pcarson r) is 0.66, which indicates a statistically
significant (p<0.001) but still only modecrately
strong relationship. )

Further insight was sought into the nature of
discrepancics  between measures of phuryngcill
transit time for the two methods. The time mea-
sured via videofluoroscopy was subtracted from
that measured via scintigraphy for each data pair-
thus, positive numbers indicate longer times 107
scintigraphy. Table 2 gives these valucs. Normil
controls showed a within-subjeet mean differenc
of 120 ms. and paticnts a within-subject mean dit-
ference of 60 ms, which are both in the direction
ol longer values for scintigraphy. Wide ranges 10
discrepancy values were present for both normd
subject and patient groups.

Recall that the frame rate for scintigraphy was
16/s whereas the frame rate for videofluoroscopy
was 30/s. This difference in frame rate would etfec”
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I‘_'i!.'.. 4. Scatter plot of relationship between pharyngeal transit
l!mcs determined by videofluoroscopy and scintigraphy in pa-
Uents and controls. (@) Patients, (a) controls.

Table 2, Within-subject discrepancies in pharyngeal transit time
{scintigraphy time minus vidcofluoroscopy time)

Normal Subjects Putients
Mean (ms) 120 60
Range (ms) —250--430 — 560 430

tively increase the error of temporal measurement
by approximately 30 ms at either end of the phar-

yngeal transit. Thus scintigraphic mcasures of

Pharyngeal transit time could be 60 ms longer ow-
Ing to that factor alone. Modifications arc cur-
rently being undertaken at our scintigraphic lacili-
Ly to permit frame rates of 30/s.

A sccond factor predisposing to slightly longer
Mean transit times with scintigraphy is the method
of determining the location of the pharyngeal exit.
A marker was placed at the level of the cricoid
with the larynx at rest, and was used when there
Was no natural boundary scen in the scintigraphic
data. However, the larynx is raised during a swal-
low and the cricopharyngeus may have been
slightly superior to that location at the end of phar-
yngeal bolus transit.

It should be kept in mind that videofluoro-
Scopic and scintigraphic data were, of neccessity,
taken from different swallows, so that swallow-to-
Swallow variability enters into the potential corre-
lation between pharyngeal transit times measured
by the two techniques. Data on multiple swallows
for the same volume were not available, but it was

possible to compare the 3 ml and 10 ml barium
swallows done with vidcofluoroscopy. The correla-
tion coefficient (Pcarson r) between 3 ml and 10 ml
transit times was 0.59 (p <0.001). This is compara-
ble to the correlation cocfficicnt between video-
fluoroscopic and scintigraphic 10 ml data sets,
which suggests that differences between swallows
may have been more important in the discrepancies
than differences between techniques. I the two
measurcs had been made on the same swallow,
the correlation would likely have been considera-
bly higher.

Conclusions

Both videofluoroscopy and scintigraphy yiclded
values of pharyngeal transit time in the same range
(under 1.2 s for normal controls in an aging popu-
lation swallowing 10 ml liquid boli).

Average pharyngeal transit times as measured
by scintigraphy were slightly longer than for com-
parable swallows cvaluated by videofluoroscopy.
The slower frame rate for scintigraphy (16/s) and
details of methods for determining boundaries of
the pharynx contributed to this difference.

There was a statistically significant but only
moderately strong correlation between pharyngeal
transit time values measured with the two tech-
niques in the same subjects. The fact that different
swallows were tested, so that swallow-to-swallow
variability enters into the comparison. appears to
cxplain the lack of a stronger corrclation.
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