to start oral feeding. They were included in this
study in order to search for other factors causing
oxygen desaturation in the absence of aspiration.
Continuous  SpO2 data, collected at 10-
second intervals, were obtained using a Pulse
(PULSOX-3Li. Minolta Co.,

Oximelter Ltd.,

Tokyo). An adequate preparation penod of more
than one minute was introduced, to establish
baseline SpO2  values. Following  the
measurement of baseline SpO2 values, BST or VF
was performed using various bolus textures (thin
liquid, thick liquid, or paste} and vanious bolus
volumes (3 ml, 5 ml, or self-regutated). SpO2

was continuously measured throughout the

fluorographic examination, until a minimum of
one minute afterward The lowest SpO2 value
from the data record.

was 1dentified

Examination of  three  viewing  planes
{anteroposterior, lateral, and right antenior oblique
position) was adopted in our protocol, and the
posture of patients was basically standing or
to the examination,

sitting upright. Prior

informed consent was obtained from each patient.

C. Results

Results of baseline SpO2 values, the lowest
Sp0O2 values, and SpO2 declines in each group
are shown in Table 3. There were no significant
differences in baseline SpO2 values, lowest SpO2
values, and SpO2 declines between Group 1 (the
control group) and any of the other groups.

Sp02 declines for each patient in Group 1 ranged

from O to 8, but aspiration was not seen in any
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patients m Group 1.

To assess the influences of gender and
smoking en POM, baseline and the lowest SpO2
values were compared between males and females,
and between smokers and nonsmokers, m Group
1.  There were no significant differences of
baseline values and of the lowest SpO2 values,
comparing between males and females of Group |
(Mann-Whitney  U-test:

p=0.19 and p=l.84,

respectively (Table 4).  There were also no
significant differences of baseline values and of
the lowest SpO2 values, comparing between
smokers and nonsmokers {Mann-Whitney U-test,
p=0.99 and p=0.99, respectively)(Table 4).

In contrast to the results of the control
(Group 1), aspiration was seen in 13 patients
(11.8%) of Group 2.  Although declines of 4% or
more were seen in 12 cases of Group 2, and
aspiration occured in only 6 of these 12
(sensitivity, 50.0%) (Tables 5 and 6). The other
6 cases (Nos. 1-6 i Table 6) did not show
aspiration, but 4 of them demonstrated breath-
holding during the examination. Among 98
patients who showed from 0 to 3% SpO2 declines
in Group 2, 89 did not show aspiration (specificity,
90.8%). If the cutoff line of an abnormal SpO2
decline was changed to 5%, sensitivity became
57.1%, and specificity 91.3% (Tables 5 and 6).

In Group 3, aspiration was seen in 3 cases,
and their SpO2 declines were 0%, 4%, and 7%.
One of them showed a transient SpO2 ¢levation
after aspiration, but a 4% SpO2 decline occurred

soon after the elevation. Two cases showing



SpO2 declines of 4% or more in Group 3 were
both found to have aspirated.

Mean +/- SD of baseline values and the
lowest SpO2 values in Group 4 were 97.0 +/- 1.0
and 96.1 +/- 2.3, respectively (Table 3). SpO2
declines varied from 0 to 9%, and 2 patients

among them showed SpO2 declines of 4% or

more (4% and 9%, respectively).

D. Discussion

In the control group (Group 1), there were
no significant differences  of baseline values and
of the lowest SpO2 values, comparing between
males and females, and between smokers and
nonsmokers,  Thus, the data of SpO2  levels in
Groups 2, 3, and 4 were analyzed without
distinguishing the  conditions of gender or

smoking, although noting that there were

unbalanced gender and smokers rates, especially
in Groups 3 and 4. Cases of Groups 3 and 4
were almost all males (88.9% of Group 3 and
91.7% of Group 4), and in  Group 4, 95.8% were
smokers.

Mean +/- SD of variation between the
baseline value and the lowest SpO2 value for each
patient of Group | was 1.0 +/- 1.4, Variation of
four percentage points has been internationally
accepted as the criterion for an  abnormal SpO2
decline {6, 7], but this was originally established
to diagnose obstructive sleep apnea syndrome [7].
Our results also revealed that almost all the
normal controls showed SpO2 declines ot within

0-3% (96.8%), except for 2 cases.
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Twelve cases m Group 2 showed SpO2
declines of 4% or more, but  aspiration was found
in only 6 of these 12 (sensitivity, 50.0%). If a
5% dechine in 3pO2 was adopted as the standard
for an abnormal value, 7 patients of Group 2
showed SpO2 dechines of 5% or more, and 4 of
them  showed aspiration (sensitivity, 57.1%).
Sensitivity (aspiration detectability) was not high
enough, regardless of using 4% or 5% in SpO2
variation as the abnormal standard. Specificity
(nonaspirators among those showing less than 4%

and 5% declines in Sp02) was 90.8% and 91.3%.

These results suggested that POM should not be
used to detect aspiration, but as  supporting
evidence that patients did not experience

aspiration when SpO2  was found to decline only
within a defined appropriate range. Our results
also suggested that a 5% vanation was better, in
both sensitivity and  specificity, than a 4%

vanation. In fact, some investigators also

adopted a 5% wvanation as an abnormal SpO2

decline [8, 9]. However, the number of cases
showing 5% SpO2 declines in Group 2 was only 7
in this study, and more extensive study will be
required to define the appropriate standard. So
far, since more aspirators (6 patients) could be
found when a 4%  variation was adopted as the
standard than when a 5% variation was adopted (4
patients), a 4% variation has been a safer standard
than a 5% vanation,

Interestingly, m Group 3, in which ecach
patient used a cuffed tracheostomy tube, one

patient who showed aspiration demonstrated a



transient elevation of SpO2 after aspiration.
This patient, however, showed a 4% SpO2 decline

finally. VF demonstrated that a penetrated bolus

stimulated the trachea and caused labored

respiration.  Saturation temporarily elevatedasa

result.  The blocking effect of the cuff kept SpO2

from declining at first, but finally, overloaded

retention of the penetrated bolus exceeded the

blocking effect and entered the lower porion  of

the trachea.  This phenomenon meant that

caretul attention was required  for patients with a
tracheostomy tube; there was a possibulity that the
patients pretended te mamtain a good SpO2 as
long as the cuff kept blocking the penetrated
bolus. Moreover, the cufied tracheostomy tube
did not necessarily protect the patents {rom
pneumonia, because entry into the  lower portion
of the trachea occurred, after atl.

Two patients without aspiration, in Group 4,
showed Sp02 declines of 4% or more (4% and
9%, respectively). A patient who showed a 9%
decline in Sp02 had amyotrophic lateral sclerosis
(ALS), and underwent a laryngectomy  to prevent
recurrent aspiration pneumonia and death. Even
after the operation, she held her breath during
each swallow, and Sp02 fell gradually with
repeated breath-holding.  She confessed that she

remammed  fnghtened of  choking and

unconsciously held her breath. The same

phenomenon was also  seen in some patients of
Group 2: Four patients, who did not show
aspiration but did have abnormal SpO2 declines,

showed breath-holding during the examation.
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Thus, breath-holding was an mportant factor
causing SpO2 to decline, besides aspiration.
Since an anteroposterior viewing plane in VI was
avaitable, to identify excessivelv long closure of
the glottis, not only a lateral but also an
anteroposterior viewing plane, in the stdy testing,
was important for full assessment of swallowing
tunction in VE.

To summarize, POM mav be a convenient
and easy-to-use tool at the bedside, but its
sensitivity for detecting aspiration was not high
enough. Our results suggested that, when patients
maintained within a 3% variation of SpO2 during
catmg, almost 90% of them would not expenence
aspiration, Disappointingly. dysphagic patients
showing abnormal SpO2 declines during eating
still need VF in order to assess aspiration, but
POM can provide supporting evidence that
patients can perform oral feeding if the SpO2
variation is within an appropriate range. To
increase reliability of POM  at bedside evaluation
of swallowing function, other methods should be
used together with POM. Detailed studies will

be required to determine which method is better

for combination with POM. Resolution of these

problems  will make POM an excellent tool for
bedside evaluation of swallowing  function.
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Table 1 Demographics

Cases Age {mean)

Group 1

Male 38 26-85 {57.2)

Female 25 24=81 {57.5)
Group 2

Male 78 19-91 {6Z.6)

Female 37 25-86 (59.4)
Group 3

Male g 30-39 {51.4)

Female 1 25
Group 4

Male 13 50-78 {64.5)

Female 3 62-78 (68.0)
Group The contrcl group

Group

1
Group 2: Patients who showed symptoms related to dysphagia
3: Dysphagic patients with a tracheostomy

4

Group Patients who had received a laryngectemy
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Table 2 Etiology of the patients in Groups 2 and 3

Group 2 Group 3
Stroke c¢r krain tumor 13 4
Neuromuscular disease 20 1
Head and Neck tumor 22 2
Laryngeal paralysis 17 O
Laryngeai trauma 4 1
Others 34 1
Total 110 9
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Table 4 Comparison of baseline SpC2 values and the

lowest SpOz values regarding gender and

smoking
Baseline Sp02 Lowest SpO2
{mean+/-5D} {mean+/-5D)
Male 96.8+/-1.3 96.0+/-1.6
Female 97.3+/-1.3 96.0+/-2.2
P 0.19 0.84
Snmoker 97.0+/-1.4 95.9+/-1.9
Non-smoker 97.1+/-1.4 9¢6.1+/-2.0
P 0.99 0.99
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Cutoff line:

a 4% decline

Sengitivity and specificity in Group Z

SpCZ2 decline Aspirated Not aspirated Total
0-3 7 §9 98
=4 6 6 12

Sensitivity 50.0% { 6/12}

Specificity G0.8% {89/98)

Cutoff line: a 5% decline

SpC2 decline Aspirated  Nct aspirated Total
0-4 9 94 103
=5 4 3 7

Sensitivity : 57.1% ( 4/ 1)

Specificity 91,3% {94/103)
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