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Paced Glottic Closure for Controlling Aspiration Pneumonia in
Patients With Neurologic Deficits of Various Causes

Michael Broniatovvski, MD; Nina Z. Moore, MS, JMS:
Sharon Grundfest-Broniatovvski, MD; Harvey M. Tucker, MD; Ellen Lancaster, MA;

Kate Krival, PhD; Aaron J. Hadley; Dustin J. Tyler, PhD

Objectives: We undertook to determine whether paced vocal fold adduction can check aspiration in patients with vari-
ous neurologic conditions.

Methods: Five patients with fluoroscopically documented aspiration and repeated pneumonias were enrolled. Two pre-
viously reported patients with hemispheric stroke were compared to 3 additional subjects with brain stem-basal ganglia
and cerebellar stroke, cerebral palsy, and multiple sclerosi.s. A modified Vocare stimulator was implanted subcutaneousiy
and linked to the ipsilateral recurrent laryngeal nerve via perineural electrodes. Vocal fold adduction and glottic closure
were effected with pulse trains (42 Hz: 1.2 niA: 188 to 560 |j.s) and recorded with Enhanced Image J. Fluoroscopy results
witb and without stimulation were assessed by 2 independent blinded revievk'ers. Pneumonia rates were compared before,
during, and after the 6- to 12-month enrollment periods.

Results: There was statistically significant vocal fold adduction (p < 0.05) for all patients, further verified witb bolus ar-
rest (p < 0.05 for thin liquids, thick liquids, and puree depending on the speech-language pathologist). Pneumonia was
prevented in 4 of the 5 patients during enrollment. In the fifth patient, who had brain stem-basal ganglia and cerebellar
stroke, we were unable to completely seal the glottis and open the cricopharyngeus enough to handle his secretions.

Conclusions: Vocal fold pacing for aspiration pneumonia from a variety of neurologic insults appears to be appropriate
as long as the glottis can be sealed. It is not sufficient when the cricopharyngeus must be independently opened.

Key Words: aspiration pneumonia, glottic closure, neurologic deficit, recurrent laryngeal nerve stimulation.

INTRODUCTION

In terrestrial animals, it is nonnally the role of
the vocal folds to seal the larynx and protect the air-
way during deglutition. Laryngotracheal separation
represents the end point of a reflexogenic cascade
typical of a second, pharyngeal stage of deglutition
that occurs once the first, voluntary oral stage has
been completed. This process can be disrupted by a
variety of conditions originating in the central ner-
vous system. Although cerebro vascular accidents
(strokes) constitute the bulk of these insults, other
neurologic diseases are usually included in a com-
mon approach to rehabilitation.' Traditionally, ther-
apy has been implemented by speech-language pa-
thologists (SLPs) and usually comprises special risk
reduction diets of variable consistencies and com-
pensatory strategies such as chin tuck, head tum, su-

pers upraglottic swallow, double supraglottic swal-
low, the Mendelsohn maneuver, etc.- and exercises
such as the Masako or Shaker.^ Unfortunately, al-
though these approaches may assist spontaneous re-
turn to workable deglutition through brain plastic-
ity, such efforts will not always suffice in checking
pneumonia, which occurs in approximately 20% of
the cases.'

Since sphincteric vocal fold closure is the most
important safety mechanism in preventing aspira-
tion.̂ -^ it is attractive to use the recurrent larynge-
al nerve to stimulate the vocal fold adductors that
comprise the bulk of the intrinsic laryngeal muscles.
This approach is geared at controlling the "final" ex-
pression of any disrupted swallow at the glottic end
point, during and also after deglutition, regardless
of the level and degree of failure involved along the
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TABLE 1. CLINICAL INCLUSION AND EXCLUSION
CRITERLA FOR STUDY

Inclusion
Documented aspiration after neurologic insult
No improvement after 6 months of swallowing therapy
Tracheotomy either planned or already in place
Patient can understand research and manipulate switch

Exclusion
Heart condition (cardiac pacemaker)
Age less than 18 years
Pregnancy or planned pregnancy

swallowing cascade.^

This study compares the results of Iaryngeal stim-
ulation and its effect on pneumonia rates in 5 pa-
tients with aspiration resulting from diverse neuro-
logic impairments. We include additional data from
2 cases previously presented in a preliminary fea-
sibility report.^ Although the causes of impairment
differ, these patients had similar clinical presenta-
tions, which made it attractive for them to share a
common therapeutic modality. Our method has fol-
lowed information from the Agency for Health Care
Policy and Research linking aspiration to the occur-
rence of pulmonary infections.'

MATERIALS AND METHODS

Five patients who had various neurologic condi-
tions and chronic aspiration pneumonia despite tra-
ditional therapies, and who needed a tracheostomy
for pulmonary toilet, were entered into the study.
Their ages varied between 54 and 81 years (mean
± SD, 68.8 ± 10.8 years). The indications for enroll-
ment in the study are listed in Table 1. All patients
were unable to ingest any food, and they complained
of a decreased quality of life.

Clinical histories were retrieved from primary
care physicians and patient and family interviews at
enrollment time and were verified on medical rec-
ords as authorized by the US Health Insurance Port-
ability and Accountability Act of 1996. Chest radio-
graphs read by an attending radiologist were further
rated in terms of the absence or presence, specify-
ing magnitude- of infiltrates as absent (0). mild (1).
moderate (2), or severe (3). As one of the conditions

for enrollment, all candidates failed fluoroscopic
examination (modified barium swallow study) in
terms of exhibiting significant physiological indica-
tors of dysphagia coupled with frequent aspiration
of boluses of various consistencies. Fluoroscopy has
been traditionally, if arguably, considered the gold
standard for objectively documenting aspiration.'-^

The causative neurologic deficits are reported in
Table 2. Although the first 3 subjects shared a di-
agnosis of stroke, their central nervous system in-
sults were anatomically distinct on axial computed
tomography scans as involving the right hemisphere
{patient 1), the left hemisphere (patient 2), and the
brain stem, basal ganglia, and cerebellum (patient 3).
The other 2 patients had more generalized disease.
Patient 4 was bom with cerebral palsy and presented
with a 3-year history of progressive dysphagia, and
patient 5 had a long-term history of multiple sclero-
sis and had had diminished swallowing capability
for 2 years. Four of the 5 patients had percutaneous
endoscopie gastrostomies at the time of enrollment.
Patient 4 was advised to have a percutaneous endo-
scopie gastrostomy, but refused.

All candidates received a modified Vbcare stimu-
lator (Finetech Medical Ltd, Welwyn Garden City,
England; approved by the US Food and Drug Ad-
ministration as IDE G980179), originally used for
voiding in paraplegics. The stimulator was implant-
ed subcutaneously in the anterior chest wall and
linked to a Huntington Medical Research Institute
(Pasadena, California) bipolar electrode similar to
those used for vagal stimulation in epiJepsy. Surgery
was carried out as previously described.* '̂ The sur-
geries were well tolerated, but nonfunction of the
stimulator in patient 4 was followed by removal
and satisfactory re-placement on the opposite side.
There was no damage to vocal fold mobility, and no
evidence of aberrant reinnervation.

After implantation, the patients were subjected to
repeated examinations at weeks 1,2, and 4, followed
by examinations at 2, 3, 6, and 12 months. These
sessions included videotaped fiexible laryngoscopy
(Machida ENT 3-L fiexible laryngoscope, Machida
Endoscope Co, Ltd, Tokyo, Japan) with and without
stimulation, chest radiography, and modified barium

TABLE 2. PATIENT DISTRIBUTION

PtNo. Sex Age f_v) Cause of Aspiration
Aspiration Time Prior

to Enrollment

1
2
3
4

5

E
M

M
E

M

54
81
70

76

62

Cerebrovascular accident of right hemisphere
Cerebrovascular accident of left hemisphere
Cerebro vascular accident of brain stem, basal ganglia, and cerebellum
Cerebral palsy
Multiple sclerosis

8y
16 mo
12y

3y
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swallow examinations. Vocal fold positions were
evaluated frame by frame on ImageJ software from
the videotapes and matched with the intensity of the
injected charges. Occasionally, there were schedul-
ing difficulties due to patient illness or an inability
to find transportation — a frequently reported prob-
lem with the populations under study (eg, nursing
home residents).^ Therefore, some chest radiogra-
phy was implemented at other locations. Clinical
pneumonia was defined as the occurrence of pro-
ductive cough (sputum), fever, and rales on chest
auscultation. Infiltrates on chest radiography reports
read by an attending radiologist were rated as absent
(0), mild (present; 1), moderate (significant; 2). or
severe (massive or bilateral; 3).

For fluoroscopy (modified barium swallow
study), the patients were given boluses of 3 to 15
mLand a variety of consistencies (thin, thick liquid,
puree, pudding, and peanut butter and jelly, when
applicable). The patients were instructed to hold the
bolus orally just before stimulation onset. (The cir-
cuit is set to fire with a 2-second delay.) Modified
barium swallow study results were first read by the
administering SLP in conjunction with the attending
radiologist. They were subsequently blindly evalu-
ated by 2 independent SLPs extraneous to the par-
ent institution (University Hospitals of Cleveland,
Cleveland. Ohio). Data collected after original SLP
review of patients 1 and 2 in the preliminary study"̂ '
were also considered. The numbers of sessions were
7, 8. 14, 8. and 10 sessions for patients 1 through
5, respectively. Speech-language pathologist I re-
corded 59, 64. 43, 106. and 88 évaluable trials for
patients 1 through 5 (total N = 360). and SLP 11 re-
corded 29.62,64,122, and 142 (total N = 419) trials
for patients 1 through 5. Physiological signs such as
premature pharyngeal entry and delayed swallow-
ing response were reported by each SLP as either
present or absent. For each of those categories, the
total number of trials, the total number of évaluable
trials, the presence or absence of stimulation, the
consistency of the bolus, and the results (positive,
negative, or unevaluable) were transcribed on Excel
spreadsheets. The findings for each category were
then expressed as the number of positive results for
each patient divided by the number of évaluable tri-
als for each patient.

We then examined the effect of stimulation on
aspiration. Aspiration was originally observed and
categorized into 3 groups (before, during, and after
swallowing) by the SLPs. because it can occur at
any of those times. However, because stimulation
started just with oral bolus introduction, these re-
sults were added as 1 cumulative tally to optimally
express aspiration arrests. The cumulative number

of aspirations divided by the total number of swal-
lows in each subject were compared for stimulation
"on" and stimulation "off." We did not have enough
numbers and had too many variables to specifically
analyze the effect of bolus consistency in individu-
al patients. In addition, the lack of consensus as to
what liquid viscosities should be used** was compli-
cated by unknown parameters used by the individu-
al SLPs. Thus, evaluation of individual patients was
replaced by a global assessment. The findings were
further compared to as-yet-unpublished data calcu-
lated from the original SLP review.*»

We used 2 methods for statistical analysis. The
Student's paired /-test compares 2 paired observa-
tions (eg, vocal fold angles as a direct function of
stimulus levels) in the same individual. However, in
situations in which counts of responses between 2 or
more independent groups are needed (eg. numbers
of aspirations without and during stimulation over
numbers of respective trials), a nonparametric test
such as the %- test becomes necessary.''

Finally, changes in quality of life related to the
study were based on letters of testimony and con-
versations from the patients, close family, and allied
personnel and on objective observations by the in-
vestigators recorded at the completion of each visit.
When conditions were considered safe enough for
home usage, some patients (numbers 2, 4. and 5)
were allowed to use the device during meals before
each swallow for a period of up to 6 months. Patient
4 originally did well with the device, but unfortu-
nately was not considered sufficiently compliant for
home use. The 2 patients who did not qualify for
home use were nonverbal patient 1, who lacked suf-
ficient family and local SLP support to sustain regu-
lar use. and patient 3, in whom control of aspiration,
aggravated by copious gastropharyngeal reflux, had
not been found fully satisfactory in terms of glottic
seal and fluoroscopy in the radiology suite.

RESULTS

Pneumonias and Chest Radiographs. All candi-
dates presented with a substantial number of symp-
tomatic pneumonias (as one of the conditions for
enrollment) before treatment. The cumulative num-
bers of both clinical pneumonias and infiltrates were
clearly decreased during the arbitrarily designated
pacing period of 6 to 12 months as compared to the
6 to 12 months before the stimulation period. In 4
of the 5 patients, there appeared to be a persistent
beneficial effect, albeit to a lesser degree, for 6 to
12 months after the end of stimulation (p = 0.00! on
the x~ test). The only exception was patient 3. who
continued to present with ongoing pneumonia (Fig
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Fig 1. Infiltrates and stimulation. Distribution of cumu-
lated pulmonary infiltrates over time {see Table 3 for
numbers). Average number of ¡nfillrates was 4.6 be-
fore, 1.4 during, and 2.8 after stimulation for all patients.
There was no infiltrate during stimulation in patients 1
and 2, and there was marked reduction in others except
for patient 3. in whom infiltrates increased in number
with time. Note high prestimuiation number in patient 4.
followed by sharp decline. Statistically significant differ-
ences were indicated by /" test between prestimuiation.
stimulation, and poststimulation states (p = 0.001) when
calculated for roughly equal observation times.

1 and Table 3).

Paced Vocal Fold Adduction. The charges neces-
sary to implement a glottic seal varied from patient
to patient and encounter to encounter. However, the
smallest necessary amount was used, usually pro-
ducing laryngeal tingling or mild coughing. The
closure angles (degrees) were stimulus-dependent
(I to 4 normalized amplitude; 88- to 560-|is pulse
duration; p < 0.05 on a paired Mest). Unfortunately.
we remained unable to achieve tight, workable glot-
tic closure in patient 3 in spite of increased charges
eliciting substantial adduction from a paramedian
position (Fig 2).

Modified Barium Swallow Studies. Physiologi-
cal signs of dysphagia were considered important to
the study, because they directly correlate with ex-
pected degrees of aspiration pneumonia.^"^ The to-
tal numbers of reviewed trials amounted to 394 and
460 for SLP T and SLPII. respectively. However, in-
formation was unevaluable in 34 (8.6%, SLP I) and

41 (8.9%, SLP II) cases because of skipped imag-
es, poor-quality video, or a limited full-screen view.
Thus, 360 évaluable trials were found by SLP I and
419 évaluable trials were recorded by SLP II for all
5 patients. These numbers roughly compare to the
total of 128 in the original SLP evaluation (65 and
63 for our first 2 patients).

The interreliability correlation rates between SLP
I and SLP II were 99% for premature pharyngeal
entry, 59% for delayed swallowing responses. 98%
for penetration into the laryngeal vestibule. 76% for
vallecular residue, and 77% for pyriform sinus resi-
due. Some of these interreliability correlation rates
are in agreement witb the original SLP evaluation. A
correspondence was more difficult to establish with
smaller samples.

From the available fluoroscopic information, the
patients with cerebrovascular accidents (Nos. I. 2,
and 3) presented with a greater frequency and a wid-
er range of physiological signs of dysphagia (up to
100%) as compared to those with less-focused neu-
rologic deficits (ie, No. 4, with cerebral palsy, and
No. 5. with multiple sclerosis). However, relatively
high rates of premature pharyngeal entry stand out
for those 2 patients (56% to 68%). as does a delayed
swallow response for patient 5 (68%). when counts
are compared to their own other symptoms (Table
4). For the original SLP evaluation, the rates of pre-
mature pharyngeal entry amounted to 95% and 92%
for patients 1 and 2, but rates varied as 93.8% and
40% for vallecular residue and 93% and 40% for
penetration of the laryngeal vestibule, respectively.
In patient 1, the rate of reduced pharyngeal contrac-
tion was 63%, and the rate of inadequate airway clo-
sure was 49% for patient 2.

Aspiration Arrest. Focusing, then, on aspiration
proper, although the arrest ratios varied, they were
statistically verified in each paced candidate on the
basis of data from at least 1 SLP, patient 3 being
an exception. Comparisons were made between the
number of aspirations with and without stimulation
over the number of trials in each patient. In patient

TABLE 3. DECREASES IN PNEUMONIAS AND INEILTRATES

PtNo.
1
2
3
4
5

CP
>3
>2

Rec
>5

>51

Before Stimulation

CR
3
2
5
7

19

INF
3*
2*
3

12
3

F/U
6

11
9
9

23

CP
0
0

Rec
0
0

During Stimulation

CR
4
4
9
5
8

INF
0
0
9
2
1

F/U
6

12
8
6

10

CP
0
1

Ree
0
1

After Stimulation

CR
6
4
1

11
S

INF
1
0
1
3
1

F/U
18
11
12
23
10

Clinical information is from refening physician, patient, family, and medical records. Patients 2.4, and 5 had home use of stimulator.
CP — number of clinical pneumonias; CR — numher of chest radiographs during observation time; INF — numher of cumulative infiltrates;
F/U — follow-up m month.s: Rec — recurring.

'Estimated from pneumonia coums.
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Fig 2. AJB) Stimulation of right
vocal fold resulted in tight glot-
tic seal (B) in patient 5. C4>) In
patient 3. stimulation of left vocal
fold resulted in incomplete ad-
duction (D) insufficient for tight
glottic closure. Note poor abduc-
tion (C) in resting position in pa-
tient 3, who had cerebrovascular
accident of brain stem, basal gan-
glia, and cerebellum.

1, there was an overall decrease in aspiration with
the stimulation "on" (18/22 trials versus 20/37; p <
0.05 on x^) for SLP I, whereas the contrary was true
(more aspiration) for SLP II (11/U versus 25/22;
p < 0.01 ). However, our preliminary study based on
the original SLP evaluation^ indicated bolus arrest
(16/28 versus 19/39; p < 0.05 on x^)- Patient 2 also
experienced arrest according to SLP I data (5/17 ver-
sus 0/19; p < 0.02) but no significant change accord-
ing to SLP II data (19/29 versus 21/32; not signifi-
cant INS]). Here again, however, the original SLP
information indicated arrest (0/18 versus 0/19; p <
0.05), ahhough this patient does not seem to have
aspirated in the first place during the original SLP
evaluation. Patient 3 aspirated less with stimulation
(8/6 versus 1/4; NS) according to SLP I, whereas the
contrary was verified by SLP II data (33/27 versus
46/35; NS). For patient 4. stimulation produced ar-
rest according to both SLP I (3/32 versus 3/36; NS)
and SLP II (5742 versus 1/59; p < 0.05). Finally, pa-
tient 5 also showed arrest according to both SLP I
(2/5 versus 0/5; NS) and SLP II (19/70 versus 0/71;
p < 0.01). Figure 3 and Tables 5^ and 6^ give tbe
percentages of reported arrests.

Thickeners were added to commercially available

thin liquids when needed. The cumulative frequen-
cy of aspiration arrests with and without stimulation
(before, during, and after swallowing) indicates sta-
tistically significant differences for thin (11/44 ver-
sus 2/52) and thick (4/21 versus 1/27) liquids (p <
0.05 on the x^ test) for SLP L and for thick liquid
(9/61 versus 17/70) and puree (14/35 versus 21/40
for SLP II; p < 0.05). These findings were further
verified (p < 0.05) for thin (13/20 versus 8/24) and
thick liquids ( 13/24 versus 8/52) on the basis of the
original SLP evaluation on the 2 first patients (Ta-
ble 76).

Finally. 4 of the 5 patients (No. 3 being the excep-
tion) expressed satisfaction in terms of an improved
quality of life for their ability to eat (via letters writ-
ten by patient 2 and by the wife of patient 5, and via
repeated verbal praise from the sister of patient 4).
Patient 1, with aphasia, expressed her satisfaction
by body communication.

DISCUSSION

This limited series of patients, with aspiration
pneumonias from a variety of neurologic condi-
tions, is admittedly not fully representative of any
of its constituent parts. A clean definition of laryn-
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TABLE 4. PERCENTAGES OF FLUOROSCOPY TRIALS THAT YIELDED PARTICULAR SIGNS

Sign
Palian I

SLP ¡I
Patient 2 Patient 3 Patient 4 Patient 5

SLP I SLP ¡I SLP I SLP a SLP I SLP a SLP I

PPE*
ASR
DSR*
APS
RPC
RLE
REI
lAC
PLV*

ADS
VLR*

PWR
CPD
AWS

100
5

S5
11
12
48

9
73
75
22

24
37

2

27

100
20

100
15

100
88
96
76
75
46
63
96

3
4

100
2

83
2
8

28
3

33
43

3
71
27
5

100

3

KXl

3

57
75
27
43
53
35
77
23
2

35
34

95
83
12
67
33
18
33
70
81
13
66
89
25

70

93
3
93
79
99
97
95
94
96
44
90
93
21
SI
79

56
0
0
0
0
0
0
0
10
3
22
9
7

56
0
12
I
5
53
25
3
18
2
32
0
0
0
63

68
0
62
0
8
9
2

8
9
8
28
26
23

13

64
0
45
2

30
41
7
18
26
9
10
14
7

Inierreliability correlations between speech-language pathologists (SLPs) I and II varied as 99% for PPE. .19% for DSR. 98'?f for PLV. 76% for
VLR,and77% forPSR.

PPE — premature pharyngeai entry; ASR — absent swallow response; DSR — delayed swallow response; APS — aspiration prior lo swallow;
RPC — reduced pharyngeal coniraction; RLE — reduced laryngeal excursion; REI — reduced epigiottic inversion: lAC — inadequate airway
closure; PLV — penetration of laryngeal vestibule; ADS — aspiration during swallow; VLR — vallecuiar residue: PSR — pyriform sinus resi*
due; PWR — pharyngeal wall residue: CPD — cricopharyngeal dysfunction (severe for patient 3); AWS — aspiration with swallow.

*Signs most frequently observed.

geal pacing outcomes in individual subjects would
require larger samples — a task currently difficult
to fulfill. According to the 1999 Evidence Report/
Technology Assessment on Diagnosis of Swallow-
ing Disorders in Acute-care Stroke Patients, clinical
trials designed to predict the risk for pneumonia on
the basis of diagnostic tests depend on the ability to
gather hundreds of patients to achieve statistical sig-
nificance.' Fulfilling those requirements would en-
tail multi-institutional approaches and carry major
expenses, regardless of the method used. Nonethe-

I
CO

<

140

120

100

80

40

20

0
Off On

1

Off On

2

Off On

3

Off On

4

Off On

5

Fig 3. Stimulation outcomes on aspiration (percent) in
patients I through 5 based on speech-language patholo-
gist (SLP) information. Aspiration decreased with stimu-
lation on in all ca.ses except for minor differences in pa-
lient 1 (SLP !I).patienl2(no differences for SLP II).and
patient 3 (SLP II). Original SLP data also indicate de-
crease (see Tables 5 and 6 for numbers).

less, since there are currently no national guidelines
for the control of aspiration pneumonia.'" we won-
dered whether shared symptoms observed between
diverse populations such as this series could be al-
leviated by a common, novel approach. Whatever
their differences in cause of impairment and clini-
cal presentation, our patients already constituted a
preselected group with each individual representing
his or her own control. Considering the promising
results of our pilot study in terms of arresting aspi-
ration.^ we hypothesized that the benefits of evoked
dynamic laryngotracheal separation could be ex-
panded to subjects who share more similarities than
could be expected from apparently unrelated caus-
ative factors.

On the basis of clinical and radiologie criteria and
core fiuoroscopic information, we have shown that
laryngeal pacing was able to check aspiration in the
4 of our 5 cases associated with a tight glottic seal.
We are encouraged by the results in those patients
who were allowed to carry the device for home use
during all or part of the prescribed stimulation period
as an attractive method to check pneumonia. How-
ever, most patients benefited beyond this enrollment
time regardless of device portability. The sole excep-
tion was patient 3. who was unable to handle his se-
cretions because of a lack of a tight glottic seal. The
valvular function of the larynx is phylogenetically
the most ancient, allowing terrestrial life to breathe
without aspiration — a problem unfortunately près-
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TABLE 5. NUMBER OF TRIALS WITH ASPIRATIONPER TOTAL TRIALS WITH STIMULATION

Patieni I Paiieni 2 Patient 3 Patient 4 Patient 5

SLP I
SLPn
Original

Off
18/22
11/11

SLP* 16/28

On

20/37
25/22
19/39

P

<0.05
<0.01
<0.05

Off
5/17
19/29
0/18

On

0/19
21/32
0/18

P
(X^i

<0.02
NS

<0.05

Off
8/6

33/27

P
On (x^)
1/4 NS

46/35 NS

Although most patients had statistically significant decrease in aspiration with stimulation.

- not significant.

Off
32/33
5/42

patients 1

On

3/36
1/59

P
(yj)
NS

<0.05

Off
2/5

19/70

On

0/5
0/71

P
ix^>
NS

<0.01

and 3 had small increases according to SLP

ent with clinical deficiencies in glottic sphiticter-
ic closure.^"'' It is therefore not surprising that this
patient, furthermore afflicted with gastroesopha-
geai reflux and cricopharyngeal dysfunction (Table
4). repeatedly aspirated and presented with ongo-
ing pneumonias (or possibly nonbacterial chemical
pneumonitis: Table 1). The widespread neurologic
insults potentially associated with aberrant reinner-
vation (synkinesis) could explain difficulties in tar-
geting the recurrent Iaryngeal nerve neurofibers for
tight adduction even under higher intensities. Be-
cause the square wave panstimulation produced by
our stimulator preferentially targets the larger, most
excitable axons,'- even potentially worsening aspi-
ration (Table 3). other current envelopes, that focus
on a larger selection of intrinsic Iaryngeal nerve-
muscles.'-^ may be preferred in the future.

Although there has been a relative scarcity of in-
formation on how dysphagia can be explained on the
basis of specific central nervous system insults.' our
limited series points to a common core of physio-
logical signs (symptoms) in patients presenting with
pneumonia. Ding and Logemann'^ reviewed 378
stroke patients who did or did not experience pneu-
monia. In the latter group (of interest here), aspira-
tion was shared by all patients, although with vari-
able frequencies. Patients with multiple strokes (eg,
our patient 3) aspirated in 72.3% of the cases, fol-
lowed (in this order) by those with left cortical (ie,
hemispheric; No. 2), cerebellar (No. 3). right corti-
cal (No. 1). multiple (No. 3), unspecified, and brain
stem (No. 3) locations (50%). Our data also support
the observations of Johnson et al,'-"' who reported
that those who aspirate often exhibit increased pha-
ryngeal transit times (all of our patients except No.

4), reduced pharyngeal elevation (reduced Iaryn-
geal excursion; all), vestibule closure (penetration
into the Iaryngeal vestibule; mostly cerebrovascuiar
accidents), cricopharyngeal opening (cricopharyn-
geal dysfunction; typically in patient 3). and weak-
ness and increased incidence of delayed pharyngeal
swallow (delayed swallow response; all).

Causes of dysphagia other than a cerebrovascular
accident (as in patients 4 and 5) may manifest them-
selves with more diffuse or unpredictable profiles.
Rapp and Torres"^ report that the little data available
on cerebral palsy in adults (in spite of their increas-
ing numbers) was extrapolated from data from chil-
dren, with whom they share poor muscle coordina-
tion and rapid fatigue. In the review by De Pauw et
al'"̂  of 309 patients with multiple sclerosis, as many
as 24% of those mildly impaired had dysphagia. and
59% already had pneumonia. For Calcagno et al,'**
out of 143 consecutive subjects, 34.3% had dys-
phagia, a rate roughly similar to that (43%) found
by Abraham,'** who studied 525 subjects.

The fact that our patients presented overall with
fewer pneumonias during stimulation, and to some
significant degree after stimulation, as compared
to enrollment times (Table 3) raises the question as
to how evoked dynamic laryngotracheal separation
could possibly control the problem on a long-term
basis. Admittedly, it is difficult to draw conclusions
from this small sample of patients.'

A major issue pertains to the predictive value of
aspiration arrests on pneumonia, which is one of
the integral assumptions of this study. Unfortunate-
ly, there may not be a direct relation between the
2 factors solely based on fiuoroscopy (even assum-

TABLE 6. PERCENTAGE OF TRIALS WITH ASPIRATION WITH STIMULATION OFF VERSUS ON

Patient ¡ Parient 2 Patient 3 Patient 4 Patient 5

Off On Off On Off On Off On Off On

SLP I
SLP II
Original SLP*'

82

57

54
113
49

21
66
0

0
66
0

133
122

25
131

9
12

40

27

Despite overall reduction in aspiration, there was statistically significant increase for patient 1 and (nonsignificani) trend for patieni 3 based on
SLP n data, as well as nonsignificant changes in patient 3 for both evaluators. For original SLP. patient 2 did not aspirate. When present, increases
were due to residuals (Table 4) iiiespective of stimulation status.
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TABLE 7. COMPARISON BETWEEN SIGNIFICANT
RESULTS OF ASPIRATION BY SPEECH-LANGUAGE

PATHOLOGIST AND CONSISTENCY

SLP I

SLP 11

Original SLP"

Consistency

Thin
Thick
Thick
Puree
Thin
Thick

Trials With
Stimulation

Off
11/44
4/21
9/61
14/35
13/20
13/24

Trials With
Stimulation

On

2/52
11/27
17/70
21/40
8/24
8/52

p

<0.05
<0.05
<0.05
<0.05

0.05
<0.05

ing observed aspiration arrest), particularly because
of false positives and negatives and discrepancies
with the original SLP evaluation.' as may all have
possibly occurred in our (or for that matter any) se-
ries. Also, patients always swallow more often than
they ingest food, leaving residue to be silently as-
pirated,2'J as variously noted in our swallow trials
(Table 4). There is also a lack of consensus about
definitions of bolus viscosities (Table 7). which, ac-
cording to Garcia et al,^ vary widely on the basis
of manufacturers' qualities of the original thin liq-
uids, the nature of added thickening agents, and the
time spent before presentation to the patients, all of
which make preparation of feeding consistencies
subjective. Furthermore, according to Campbell-
Taylor.-' one of the most common misconceptions
about swallowing is that aspiration should be rec-
ognized and treated to prevent pneumonia. A corol-
lary of this assertion is that there has been too much
emphasis on the importance of aspiration, which has
come to obscure all other causes of pneumonia. For
that matter, it has been recognized that pneumonia is
more probably due to malnutrition, dehydration, and
reduced immune system defense as a result of im-
paired swallowing.'-^ '''It is. therefore, probably not
surprising that those of our patients who were able to
use the stimulator at home did better than when sub-
mitted to "standard measures" of deglutitive dynam-
ics (ie. fluoroscopy in the radiology suite), which
have been shown to bear little or no resemblance to
how swallowing proceeds during a

Although our patients with cerebral palsy or mul-
tiple sclerosis stood out as having had the highest
numbers of pneumonias, and also "failed" fluoros-
copies before enrollment, they aspirated less during
and after stimulation than did some of their counter-
parts who had had cerebro vascular accidents (Table
4). Pacing, in fact, reduced pneumonia rates to al-
most zero, in spite of the multifactorial natures of
the responsible central nervous system deficits (Ta-
ble 3). This progress, which may well reflect spared
brain plasticity^- that is possibly restricted in some
more pathologically focused cases of cerebrovascu-
iar accidents, could offer promise in expanded SLP
therapies.

There are obviously multiple variables involved
with pneumonia associated with central nervous sys-
tem deficits. In addition to clinical differences, their
interpretations may differ between observers, be-
cause a subjective element can never be fully ruled
out. There were comparable numbers between pa-
tients of nonevaluabie fluoroscopies for each SLP in
this study, and interpretations may have varied be-
tween examiners. In spite of these drawbacks, there
was reasonable interreliability for physiological
signs present in sufficient numbers to be significant
(Table 4), whereas other, less frequent signs were,
obviously, less convincing. Clearly, small ca.se series
such as ours should be broadened to large random-
ized controlled trials, as recommended.' Aspiration
should not be considered the definitive marker for
the outcome of pneumonia.'

CONCLUSIONS

From our data, and particularly in the absence of
better avenues, we submit that paced laryngotrache-
al separation offers promise for the control of pneu-
monia based on I) a unified strategy for a common
core of symptoms from diverse causes; 2) an objec-
tive outcome in terms of producing a glottic seal
on demand; 3) documented clinical and radiologie
progress; and 4) an enhanced quality of life. How-
ever, larger series must be studied to determine the
optimal approach to the problem.
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