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Abstract. In an attempt to impose an organiza-
tional format on the specific cffects that isolated
Stroke syndromes have on swallowing ability. we
h'dV_e developed a systematic approach to investi-
galtng the underlying neural control mechanisms
M patients with clinical and computed tomo-
8raphic evidence of unilateral ischemic stroke in-
volving the cercbral cortex. When compared to
findings in normal controls, initiation of the phar-
yngeal response was delayed in all stroke subjects.
Le.ft cortical stroke dysphagia was characterized
Primarily by impaired oral stage function, diffi-
culty initiating coordinated motor activity, and
apraxia. Right cortical stroke dysphagia was char-
aclerized primarily by pharyngeal pooling, pene-
tration, and aspiration. Thus, these preliminary
da?'d indicate distinct patterns of dysphagia after
Unilateral cortical stroke and challenge the tradi-
tional classification of swallowing as a bilateral
and brainstem-mediated activity.

Key words: Neurogenic dysphagia — Stroke, unilat-
¢ral cerebral cortical — Aspiration.

The central nervous system (CNS) pathway for
SWallowing traditionally is thought to be bilateral
and not linked to speech. However, swallowing
and speech disorders frequently coexist in neu-
; ‘e)logically impaired patients. Before a neuromotor
matlonship beteen the two fungtlons can be de-
in ¢d, the neural control mechanisms for swallow-
eg Must be clarified. Systematic examination of
dum_pOrospatial upper aerodigestive tract activity

fng swallowing in patients with specific stroke
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syndromes should offer insight into the underlying
neurophysiological processes.

Although upper acrodigestive tract patterns of
movement differ for speech production and swal-
lowing, the major upper acrodigestive tract compo-
nents and their individual movements, synchro-
nized with respiration or its cessation, are much
the same. Despite the structural commonality be-
tween the two functions, both in terms of neu-
rophysiological mechanisms and final output
structures, speech generally is viewed as a volun-
tary higher cortical function. Swallowing is gener-
ally considered a brainstem reflexive behavior [1,
2). Current evidence points to a coordinating swal-
low center in the medullary reticular formation [3].

There is little doubt that initiation of the phar-
yngeal events for swallowing is related to voluntary
attempts to swallow. Current studies of reflexes
and peripheral input to acrodigestive tract struc-
tures suggest a complex interaction of lower level
neural systems with cortical activity during degluti-
tion [4-6]. Animal experiments [7] as well as obser-
vations of human behavior [8-10] report that sub-
jects with anterior cortical damage must perform
compensatory oral behaviors, such as tipping the
head backward to initiate swallowing. This sug-
gests that some aspects of swallowing are under
control of the cerebral cortex. Therefore, the neu-
ral mechanisms of the volitional stages of swallow-
ing may involve some of the same neural struc-
tures, and perhaps control mechanisms, as speech
production. However, due to the traditional ** neu-
ral control dichotomy™ imposed upon swallowing
and speech, which classifies swallowing as primar-
ily a function of the lower centers and speech as
a cortical function, little information is available
to clarify the relationship between the neural mech-
anisms for speech production and the supratentor-
ial neural circuitry for swallowing.



We describe our preliminary findings in pa-
tients with clinical and computed tomographic
(CT) evidence of unilateral stroke of the cerebral
cortex and compare these to the swallowing activi-
ty 1n normal controls. The role of various neu-
rophysiological structures in swallowing is then in-
ferred from range and duration measures of struc-
tural movement and motility patterns in subject
cxamined.

Methods

Subjects

To date, 24 right-handed subjects participated in this continuing
investigation. All subjects provided their informed consent. Six-
teen subjects were recruited after giving a detailed clinical histo-
ry, undergoing neurologic examination by a board-certificd
neurologist (R.L.L.), and having cranial CT confine their pre-
senting neurologic disorder to that of a single, unilateral
ischemic cerebrovascular accident (CVA). Eight subjects were
recruited as normal controls following detailed clinical history
and ncurologic assessment. Normal subjects did not undergo
cranial imaging studics as part of this protocol. The average
age for each group was 64 years, ranging from 53 to 81 years.
Normal subjects had no prior stroke or swallowing disorders
history. Paticnts with CVA were classified into right cercbral
cortical (RCVA) and left cerebral cortical (LCVA) stroke sub-
groups based on clinical examination and CT. Magnetic reso-
nance imaging (MRI1) was not performed on these patients.
All CVA patients were studied at 21 + 2 days following onset
of stroke. The first part of the two-part test protocol includes
an oropharyngeal motor examination of the lips, tonguc, man-
dible, velum, and larynx at rest, during nonspecch movements,
and during specch production. The second part of the protocol
was videofluoroscopic examination of the oropharynx during
swallowing and speech production.

Videofluoroscopic Protocol

Videofluoroscopy and a video counter-timer were used to re-
cord movement patterns during swallowing and speech. Sub-
jects were scated and viewed radiographically in the lateral
plane. During the speech studics the paticnt wore a headband-
supported microphone positioned 5 cm from the lips for simul-
tancous audio recordings. The fluoroscopic tube was focused
on the oral cavity from the lips anteriorly to the pharnygeal
wall posteriorly, and from the nasopharynx supcriorly to just
below the larynx inferiorly. Latcral radiographic vicws were
recorded while the subjects swallowed 2 ml radiopaque liquid,
2 ml radiopaque semisolid, and repeated /pamper/ and /aka/
and elevated pitch on /a/ phonation. Small amounts of material
were used to minimize potential aspiration. Each task was per-
formed three times.

Data Analysis

The videotapes were cxamined in slow motion and framc by
frame for analysis of cach swallow. The data were analyzed
in samples without stroke localization noled. The measures and
observations listed in Table 1 were madce for cach swallow.
Quantitative measurcs were made for prepharyngeal response
time (PPRT) and pharyngeal responsc time (PRT). The PPRT
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Table 1. Measures and observations for cach swallow

Prepharyngeal response time (oral transit and delay)
Oral motility patterns
Pharyngeal response time
Pharyngeal motility pattcrns
Aspiration
If present
Causc

was defined operationally as the duration from initiation of
bolus movement after the command to swallow to initiation
of maximal hyoid excursion. The PPRT is subdivided into oral
transit gnd delay time in subjects who demonstrated a delayed
initiation of the pharyngeal stage’ of the swallow. Declay time
is the time from bolus arrival at midvelum (approximately per-
pendicular to the anterior faucial arches) to initiation of maxi-
mal hyoid cxcursion. The PRT was operationally defined as
the time from initiation of maximal hyoid excursion to hyoid
return to rest. The PPRT and PRT were defined in an attempt
to compare cvents during the initial volitional stage of swallow-
ing to the more automatic cvents occurring later in the swallow
sequence.

Descriptive motility characteristics were categorized ac-
cording to stage of swallowing, oral versus pharyngcal. These
were used to describe structural movement relative to impact
on bolus propulsion, as well as evidence of residual material
in the oral cavity or pharynx.

Results

Duration Measures

A general finding across all groups regarding type
of material swallowed is a difference in oral stage
duration for liquid and semisolid (paste) swallows.
The PPRTs for paste are longer and more variable
than for liquids (Fig. 1). Even in the control group,
PPRTs for the paste swallows are longer and more
variable. In contrast, PRTs are similar for liquid
and paste material in all groups (Fig. 2).

With regard to differences in subject groups,
a major finding is that PPRTs are longer for CVA
subjccts than controls, The PPRT and variability
for swallowing both liquids and paste are greater
in the CVA subjects than the controls (Fig. 1). The
PPRT for paste swallows is most increased, with
ranges of 16 s for the left CVA group compared
to 3 s for the control groups. Group means, stan-
dard deviations, and the coefficients of variation
are shown in Tablc 2. For liquid swallows, the
mean PPRT values for CVA subjects are three
times longer than normal. Standard deviations for

! Although swallowing is analyzcd in terms of stage and specific
time periods, any division of a functionally integrated system
is somewhat artificial. Nonctheless, division of swallowing into
stages and related durations permits an organized approach
that may facilitate better understanding of the process.
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Table 2. Group means, standard deviations (SD), and coefTi-
cent of variation (CV) for prepharyngeal response times of
liquid angd paste swallows in normal and lcft and right cerebral
Cortical stroke patients

Left Right Normal

Liquiq

Mean 1.5 4 0.5

SD 1.2 1.1 0.2

Cv 0.8 0.8 0.4
Paste

Mean 65 2.6 1.5

SD 92 1.0 0.8

Cv 1.4 0.4 0.5

the cva subjects are considerably greater than for

Controls, but computation of the coefficient of

"'aflation shows obviously longer PPRT values

4Mong the stroke subjects.

. As compared to either controls or RCVA sub-

{fcts, the mean PPRT for paste swallows is greatest
Mong |.CVA subjects. Computation of the coeffi-

“tent of variation (Table 2) shows that controls and

RCVA subjects had similar durations of paste
swallows, while the LCVA subjects are identified
by longer PPRTs.

Moulity

Motility characteristics are categorized according
to stage of swallowing (Table 3). The LCVA sub-
jects had a distinguishing motility abnormality:
50% of this subgroup exhibited *“difficulty initiat-
ing coordinated movement.” Those who demon-
strated this behavior also showed oral and verbal
apraxia as identified on the oropharyngeal motor
examination administered to each participant and
the speech production part of the videofluoros-
copic protocol. “*Anterior lingual motion,” not
scen in controls, occurred equally in RCVA and
LCVA subjects.

“Residual coating™ and **residual pooling™ in
the oral cavity also differentiate the LCVA from
the RCVA and control subjects.

Pharyngeal stage motility characteristics are
shown in Table 4. " Delayed pharyngeal responsc™
is found in all CVA subjects. ** Aspiration™ oc-
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Table 3. Oral motility characteristics for normal and stroke sub-
jects
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Table 4. Pharyngeal motility characteristics for normal and
strokc subjccts

Characteristic Group Characteristic Group
Left Right  Normal Lefi Right  Normal
stroke strokc stroke stroke
Material under tonguc 4 3 2 Declayed pharyngeal response 8 8 2
Repeat tongue pumping 5 5 5 Absent pharyngeal responsc 1 - ~
Difficulty initiating Aspiration - 3 1
coordinated movement 4 - - Before - X X
jor lingus i _ During - -

Anterior lingual motion 3 3 After _ N B
Residual coating o

Tonguc 8 8 8 Coating

Vallecula 8 8 8
Palate 8 3 5 . .
Velum 5 4 q Pyrlf0.rm sinus 8 6 S
Posterior pharyngeal wall 6 7 5

Residual pooling .

Tongue 3 1 1 Pooling

ol Vallecula 4 7 1
Palate 3 - 1 Pyrif L 5 6
Velum 3 _ - yriform sinus -~

Total observations
(10 characteristics 44 27 23
x 8 subjects = 80/group)

curred in 37% and 0% of the RCVA and LCVA
subjects, respectively. One control subject also as-
pirated. ““Aspiration™ occurred most frequently
before initiation of the pharyngeal stage, duc to
a delay in the pharyngeal response during which
the material fell into the open airway. In one
RCVA subject, aspiration occurred after the phar-
yngeal stage was completed, due to inspiration of
pooled residual material. ** Pooling™ in the pharyn-
geal recesses occurred more often in RCVA sub-
jects.,

L.CV A Observations

Four of eight LCVA subjects showed a lack of
coordination of labial, lingual, and mandibular
movement during the oral stage. Various uncoor-
dinated-appearing oral movements were observed
in one subject who never did succeed in propelling
the paste bolus posteriorly in the oral cavily. His
study was terminated during the first paste swallow
attempt becausc the material clung to his palate
whilc he struggled ineffectively for 25 s to elevate
his mandible and coordinate placement of his
tongue to complete the oral stage. This particular
LCVA subject also demonstrated a concomitant
oral and verbal apraxia as judged independently
by three cxperienced speech pathologists, to whom
this appeared to be “‘apraxia of swallowing.”

Posterior pharyngcal wall ~ 1 —

Total observations
(10 characteristics 40 46 23
x 8§ subjects = 80/group)

% , time of occurrence.

These observers, however, were aware that this pa-
tient had had a LCVA, It is interesting that this
patient did not lose weight and appeared to eat
well spontancously. That is, in a natural cating
situation in which the patient was not required to
swallow upon command, as is the task in the vi-
deofluoroscopic swallowing protocol, the apraxic
subjects were functional eaters. In fact, all of the
LCVA subjects maintained their weight and re-
quired no direct swallowing treatment (e.g., naso-
gastric tube or thermal sensitization) in order to
eat safely.

RCV A Observations

Due to the increased frequency of aspiration and
less functional swallowing patterns, three of cight
RCVA subjects had nasogastric tubes placed and
four of cight required treatment for dysphagia.
This group demonstrates a more impaired pharyn-
geal stage of swallowing but did not demonstrate
oral or verbal apraxia. Unlike their cortical coun-
terparts with LCVA, the RCVA subjects demon-
strated abnormal speech patterns characterized by
slightly hoarse, monotonous voice production as
judged independently by three experienced speech
pathologists. Again, these judges were aware of
each patient’s RCVA diagnosis.
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Discussion

CVA Data Base

A major finding of this preliminary work on a
Sample of CVA patients is that unilateral cortical
CVA does indecd result in disordered swallowing.
his is significant in view of the traditional notion
that swallowing is a bilaterally controlled function.
A second important finding is that the motility
characteristics differ according to the side on which
the.brain is damaged. Specifically, in this small
Patient sample, LCVA subjects had more deviant
oral stage timing and motility, including residual
oral pooling and difficulty in initiating coordinated
MoOvement. The RCVA subjects had more pharyn-
gea} dysfunction, including aspiration and reduced
Peristalsis as indicated by pharyngeal pooling.
The severity of swallowing dysfunction in
LCva subjects appears to corrclate with the pres-
erlqe of oral and/or verbal apraxia. In addition,
fesidual material in the mouth could be due to
Movements that are reduced in force, range, or
Coordination. The swallowing difficulty seen in
CVA subjects appears to be more clinically sig-
Nificant, since oral intake was determined to be
Unsafe for some of these patients. Thus, aspiration,
s seen in three of eight RCVA and none of cight
CVA patients, may also be a distinguishing fea-
lure in stroke subjects. This data base needs to
¢ expanded before conclusions can be made re-
Earding aspiration. especially since one of the cight
€ontrol subjects also appeared to aspirate on fluo-
Toscopic examination.

Unitateral Cerebral Lesions

Our findings challenge the traditional concept that
& unilateral lesion of the cerebrum should exert
lttle, if any, effect on swallowing homeostasis. Pa-
Uents with unilateral cerebral lesions, particularly
0se situated in the lowest part of the precentral
&Yrus or in the posterior portion of the inferior
Tontal gyrus of either hemisphere, show a consid-
erable hesitancy in deglutition [11]. All of our CVA
Patients show a delay in the initiation of the phar-
zgge.al response. This is' due at least in part to
iOrtlca_l-bulbar and corucal-spma! tract dysfunc-
lhen’ Since the primary qeuroph}{splpglcal role of
arSC Intertwined tracts is the initiation of volun-
reci_movemem, ththcr the CVA patients do not
Whelt\}/le oral cavity sensory input dat;_z propgrly,
are er delayed and hesitant swallowing actions
4 motor programming problem, and/or wheth-

. liggniti've/linguistic factors play a role remain

clarified.
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To date, we have studicd swallowing with
quantitative techniques in more than 75 CVA pa-
tients, each of whom had suffered an acute unilat-
eral CVA as localized by precise clinical history,
detailed neurologic examination, and cranial CT.
This group includes patients with cerebral cortical
lesions, subcortical lesions such as internal capsule,
and localized brainstem lesions. Abnormal aspects
of deglutition were found in all subjects. We are
in the process of expanding our CVA and normal
data bases to include cranial CT/MRI compari-
sons, regional cerebral blood flow analysis using
positron emission tomographic scanning (PET),
and larger subject populations. The use of MRI,
a superiorly sensitive yet nonspecific imaging tool
in patients with cerebrovascular disease [12, 13],
may help to clarify whether areas of silent, discrete,
and/or distant infarctions are present in patients
who otherwise appear to have strictly a single, uni-
lateral CVA. Since MRI often uncovers * unidenti-
fied bright objects™ in the white matter of elderly
subjects with identifiable cerebrovascular risk fac-
tors [12, 13] and since, to date, these multiple le-
sions have not proven to be infarcted tissue on
pathologic examination, we caution against the
overinterpretation of MRI in stroke patients. Al-
though Kim et al. [14] advocate MRI as superior
to CT in localizing a stroke, we prefer to await
results of clinical, CT, and MRI correlations be-
fore accepting MRI as the gold standard of stroke
localization.

The central pathway for swallowing has tradi-
tionally been thought to be bilateral, and at its
simplest may consist of an afferent projection from
the periphery to the primary sensory cortex bilater-
ally, thence to the primary motor cortex and pyra-
midal tracts, perhaps via the premotor cortex [11].
The first-order estimate of effects of cortical stimu-
lation with respect to mastication and swallowing
has yet to be discovered [15]. Woolsey et al. [16]
have shown that stimulation of the dorsolateral
or anterolateral part of cither frontal cortex (pre-
motor areas) causes masticatory and swallowing
movements. However, there is normally bilateral
representation of cranial musculature in the prima-
ry motor cortex, and bilateral lesions are usually
required to cause permanent disturbance of speech
and swallowing [11]. There has been little study
of the sensory inputs to the cortex that eventually
lead to mastication and swallowing, except for
findings that single cortical neurons cease discharg-
ing during deglutition, which suggests that cortical
neurons are receiving relatively direct sensory feed-
back (i.e., 812 ms latency) during swallowing [15].

A unilateral cortical CVA may thus interact
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with multiple systems when producing dysphagia.
Most researchers agree that the cortical swallowing
area is probably a sensorimotor area, anterolateral
to the orbital gyrus of the frontal lobe, which re-
ceives information from the contralateral cortical
center and from oral and pharyngeal receptors. We
have found that left cerebral injury produces more
significant oral stage abnormalities, which might
imply that the left premotor cortex is the ““domi-
nant’ cortical center for the volitional behavior
of swallowing. The premotor cortex could contain
an asymmetrical innervation ratio or unbalanced
neuronal representation for the more volitional
stages of swallowing, such that a single, appropri-
ately placed lesion could impair normal degluti-
tion. Alternatively, the premotor cercbral cortex
injured by a CVA in one hemisphere may then
be functionally disconnected from the healthy
hemisphere because of dysfunction of interhem-
ispheric neuronal connection via the corpus callo-
sum. In this fashion a unilateral lesion could alter
the normal bilateral homeostasis of swallowing.
We are currently studying these possibilites with
CT, MRI, and PET imaging in an attempt to con-
firm the ““strictly” unilateral nature of the stroke
in similar patients demonstrating dysphagia.

Although several studies in the literature have
reported dysphagia in unilateral stroke [11, 17-21],
our results are much more homogeneous in terms
of timing (all at 2142 days poststroke), localiza-
tion of lesion (all cerebral ischemic infarctions),
and radiographic confirmation (all with confirma-
tory CT). Although definitions varied widely, prior
series have reported dysphagia in 28% [19], 23%
[20], and 43% [21] of patients who had a stroke
in a cerebral hemisphere. With detailed videofluor-
oscopic measures and comparisons to age-
matched, neurologically normal individuals, this
report further defines dysphagia across all of our
CVA subjects.

This is our initial effort to study the relation-
ship between CVA localization and swallowing
dysfunction. It appears that unilateral cerebral
cortical lesions, as defined on clinical and CT
grounds, and involving the premotor cortex, pro-
duce swallowing dysfunction. Qur findings indicate
that RCVA subjects may be more prone to aspira-
tion and thus their dysphagia may be more clini-
cally significant than the dysphagia secondary to
LCVA. Expansion of our stroke data base, as well
as our confirmatory radiographic data base, will
enable us to speculate as to whether specific ana-
tomic arcas correlate with specific swallowing ab-
normalitics: whether RCVA patients, for instance,
“neglect” swallowing tasks or are more “impul-
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sive”" swallowers, leading to higher chances of aspi-
ration, or whether there are various forms of swal-
lowing ‘““apraxia.” In addition, longitudinal study
will be needed to determine the natural history and
conscquence, if any, of these abnormalities in swal-
lowing ability. We are studying more subjects in
order to validate the generalization of these initial
findings to the LCVA and RCVA populations.
Nonetheless, the concept of a dominant cortical
center for volitional swallowing behaviors is intri-
guing, as is the physiological phenomenon of inter-
hemispheric neuronal dysconncction, in furthering
our understanding of the traditional concept that
swallowing is under bilateral cortical control.
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