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Abstract. The Exeter Dysphagia Assessment Tech- 
nique (EDAT) uses noninvasive equipment to re- 
cord, simultaneously, "feeding respiratory pat- 
terns," the time drink entered the mouth,  and asso- 
ciated swallow sounds during feeding. The easily 
portable equipment enabled patients' swallowing 
ability to be tested, at the bedside if necessary, 
using a small amount of  fruit-flavored drink. The 
results appear in chart form. 

EDAT findings from groups of normal subjects 
aged 2-90 years were compared with those from 
patients with dysphagia of neurologic origin and 
normal subjects under experimental feeding condi- 
tions. The results revealed maturation of the feed- 
ing respiratory pattern in the teenage years and 
remarkable consistency thereafter. Differences in 
the recordings between the normal and abnormal 
subjects were sufficiently marked to allow the find- 
ings to be used in the diagnosis of  other patients 
with dysphagia of doubtful neurologic cause. In- 
terpretation of  the charts and recorded timings of 
the oral and pharyngeal stages of swallowing per- 
mitted a more accurate identification of sensory 
nerve, motor nerve, and functional involvement 
causing dysphagia of neurologic origin and may 
be used as a guide to the origin of the sensory 
deficit. 

Key words: Deglutition Respiration - Feeding 
respiratory patterns. 

The effective management of  patients with dyspha- 
gia depends on the accuracy of the diagnosis. 
When dysphagia is due to obstruction, the diagno- 
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sis is generally uncomplicated. Dysphagia of neu- 
rologic origin, however, may be due to a variety 
of  neuromuscular abnormalities that can only be 
assessed by observing function. Even then it may 
be difficult to determine whether an abnormal 
swallowing condition may be attributed purely to 
motor loss, sensory feedback deficiency, loss of  
memory of learnt experiences, suppression by the 
higher centers of the brain, or combinations of  
these with varying degrees of involvement. Large 
numbers of neurologically impaired patients with 
dysphagia get little help with swallowing, often due 
to the difficulty in establishing a diagnosis, which 
relies mainly on clinical judgement by an experi- 
enced clinician, with the occasional assistance of 
a radiologist using videofluoroscopy. 

Investigation of normal swallowing and the as- 
sessment of oropharyngeal dysphagia of neu- 
rologic origin involves studies of coordination and 
efficiency of the various parts of  the oral and phar- 
yngeal neuromusculature. The regulation of respi- 
ration during swallowing is an essential part of 
a well-coordinated swallowing mechanism, yet lit- 
tle attention has been paid to this aspect during 
investigations ofdysphagia. Nishino et al. [1], how- 
ever, recorded respiration during swallowing in 
subjects lying supine and wearing a nose clip. 

Recent research [2] showed that in normal 
young and elderly adults, respiration was not sim- 
ply arrested during the pharyngeal stage of  swal- 
lowing. Instead, a complex rhythm occurred that 
was initiated as food or drink approached the tips, 
continued until the bolus had entered the esopha- 
gus, and included a period of  deglutition apnea. 
The complexity of the "'feeding respiratory pat- 
tern" and the finding that, in a given adult, the 
pattern was repeated in 95% of swallowing events, 
lead to the conclusion that it was controlled by 
many reflex arcs dependent on efficient sensory 
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inpul. ('onvcrse]y, the well-rcguh.llcd respiratory 
patterns during dcglulilion were absent in adull 
patients with known ncurologic diseases, who were 
experiencing dysphagia mainly due to sensory im- 
pairment [3]. However, similar recordings made 
from patients with motor nerve impairment, who 
wcrc also sutTering l'ronl dysphagia, showed respi- 
ralory patterns similar to those found in normal 
subjecls. Thcsc wcll-regulated feeding respiratory 
p a t t c r l l s ,  in  i l o r n l a l  s u b j e c t s  w h o  are  u n a w a r e  t h a t  

r c s p i r a l i o n  is u n d e r  i n v e s t i g a t i o n ,  1111.t)' f ie a l l e r e d  

v o l u n t a r i l y  by  the subject  m a k i n g  a d e t e r m i n e d  ef- 
fort .  

The l{xeter l)ysphagia Assessrncrit Tecl-ulique 
{I:I)AT} was originally dcsigned to enable respira- 
tory bchavior during swallowing to be recorded 
in a simple noninwtsive manner; the equipment 
is portablc so that it can bc taken to the bedside 
if necessary. By shnultancously recording tile lime 
when Food or drink enters the rriouth and the asso- 
ciatcd swallow sounds, it is possible to obtain tim- 
ings of the orM and pharyngeal stages o1' swMIow- 
ing and to rehtte thcsc to the respiratory events. 
It nltly bc used hy the +'swallow therapist" with 
the patient in hed or sitting, using not+real food 
or drink, without any limit on the length or fre- 
quency of repetition o[' the lesl. 

The present study was designed to establish the 
normal rcspiralory fccding pattern over a wide 
range of ages and to determine the extent to which 
these patterns changed in patients with known ab- 
normal ncurologic conditions affecting swallow- 
ing. Wc wished to determine whether this tech- 
nique would aid in diagnosis and therefore in thc 
formulation of  rehabilitation regimens, and in par- 
ticuhtr if EDAT could be used to help assess senso- 
ry perception associated with fccdirlg. 

Subjects 

Apprl+val was obtail led from the Medical I':lhics ( 'ommittcc 
of I:xcter I)islricl I IGllth Authori ty.  

Three groups of Mlbjccts WeFC used in lids sludy: i~Ol+llla] 
sulyiccls, rieuroh)gicall), in]paired subjects wilh dysphagia, and 
I1Orlllal sl.lbiects ullder experinlent;ll condition~ (e.g., blindl\Hd- 
ing, use of topical aneslhclics). 

No#'mai s 
r|'t) cstabli<,h norlnal behavior, the E l ) A T  was used on t'otlr 
age-grlil+lps i+l" hcahhy sul!iecls: 25 children aged 2 II yc';+ll+S 
(11 girls ;.ind 14 boys)wi th  a nleail ilg>e t)l" 7 years: "~3 school 
pupib, aged 11 1 g years (I I J'enlalc and 12 in;silo) with a nloan 
age of 14yeal~+; 15 vt>lullleer university sit(denis and skiff 
(5 wt)nlen lind 10 ii10i/) itTl.'cl between 18 Hnd ?,0 yeal-s with a 
meal1 age o1" 21 yc[Irs; ;+llld 1~ elderly adults w i l l l ou l  nct lrologie 
di<+c;inc or swallowing problem (9 wonll.'ll ;.ind tj 1Ilcn) [t~cd be- 
tween 00 and 90 year<+ with a n]r age t+l' 70 years. 

Nem'olos Impaired Patio, Is tt'illt D.r,vdta.~ia 

The second grotip was comprised t+l palients with dysl+hagia 
diagnoned (is due lo m..urohtgic hnpairincnt. The palicnls tested 
molls(steal el" 11 who had suMaincd CCl+cbrovasc'tlhlr accidclltS 
aged 71 g2 years ((7 ii1ell and 5 wo111r and 5 wilh lllOtOl- net I+ 
l't)ll disease, aged 5(I g4 (2 111en ;.llld "4 \~,onleil). These subjects 
were t'OllSCCtltivc palicl~ls, rclTrred as a I l la l lc r  o f  rot i l i l lc  to 
one ;.itllhor IW(ISt. No prior l'adh)graphie Mtldy was per + 
I~)l+nlcd. 

Other Normal %.l!iecl.v 
A l'urthcr study x~<as nlade Oll +~ normal subjects aged 63. 75, 
4nd 85 who were not hlcluded aho~,e, bill ~ho were sut!icctcd 
Io varyin.t, exrlel'JnlClltal swallowing conditions, as described 
hirer. 

Materials 

The sub.jeers were investigated while drinking 5 ml of Fruil-fl.:P 
vc, rcd drink l'rc, nl a stainless steel tcasptn:,n with a 2 m length 
of sil-c ,.iol,.Icred h) its h:.lndlc. This joint and Ihc w.htHc M- 
the h:m,.llc o1 the spoon wcrc ch_'ctrio:HI}, msulaled b), polyfllcrlr 
tubing that had been shrunk over them. l'cstin# swallowing 
ahili l~ hy oFl'cring Ihis small volume o1" I'ruit-flaw)rcd drink 
was done for three reasons: It+ standardize a technique, to avoid 
the complication oF mastication, and because the drink, in a 
well contrtfllcd amount, was considered Iobc  a reastmablc risk 
to test swallo,,vinF abil i ty when the airway is in t.hmgcr I'rom 
aspiralhm. 

The r Ol" the drink into Ihe moulh was recorded tl,-:in; 
a Vi..tml Speech AM ctmtrcd b,.)x I41 us a contact sensor. The 
2 electrodes were a racial sptmn with an insulated ImndIr and 
an indil'l~rent eleclroclc attached by Micrcq~.ore tape to the 
check of Ihe suhlccl (l"ig. I). This elCCtl't)liiC switch detected 
ct+nlacl betweci+~ spooF+ and ]ipJ Flreaking tfl" this COllU.tct was 
laken It', bc the l'..)inl al which the COml+lete spc, onl'ul entered 
the 1110 l.lt h. 

The swallow >,ounds. which mainly consist o1" two +'clicks" 
ISl, were t+ecordcd by rthlcing a sr lhroal micro- 
phone hclow the ;iilglc" of the il lalidible. ~,A/]len lil'ult)rtllal swal- 
lowing actions were being I'r the swallow NOtlllds may 
he dil'l]cult to il ltcrprel because o1 other noise detected by the 
Illicrc>phonr Tt+ help identil'y the swallow sounds under these 
Colldit ions, till c lcctr tmic lllLirker \%as put Oll lo eVr recording 
when Ihe tq+leiah)r judged thai Ihe s'a+'allowing had t+r 
by oh~,el-',~ill 7 laryl/geal elevation. 

The dirccihm o1" nasal ah-Ilow was delerminetl by h/scl-lil~7 
the stHt tips of a llasal cLilmula (ll lodcl I I(ig, I ludson ()xygel~ 
Therapy Sales ('o.) into the sul~ir nostrils and conncctill~ 
ihc asst+chiled I tlhc It+ ii I l l icroi l lai lomcler ( ]-'tll'llcss I ' ( ' ( )  14. sen- 
sitivity It)t11ill I1:() Iull scale). The voltill/e of air t]owing was 
nl+l recorded, onl+,+ the event ;iild the direction of air l low: an 
expiral ion eauy, ed incicascd pl-c>+stlre and all inspiial ion c.,itlscd 
reduced prc~4Stll-e. ()ral airf low was not recorded bec+:itise cxpcl'i- 
menl b) the ;.illthois had showl] thai it was always ar 
hy nt1111c nasal ;.lirl]ow. The only exceplions to this phenolllenOll 
art+' (hiri l ig nornlal spcr ;.ind blowing throtigh lhc nlotllh. This 
had the advantage of avoiding the complexity of recording oral 
aiil]ow, in a <rot!loci who wet+ behl 7 Fad. 

The siTllals J'rOlll these ti]rr162 picots oF equipment wcr r  re- 

corded shlltlllcineously on to Lin audio C~l~4c'lte tape via ;+i l't)ul- 
ctiannr lapc recorder (Team I<t.-61). (.'harls ~v~.'ro made silbsr 
qucntly I'roln the iilpcs tlMtlg ~1 ( iou ld  2200S chart i+ecord or. 
Three parallletel-S were recorded: the time ill ~.hich the drink 
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Fig. I. El)AT alhlchd IO sub.jcct. 

entered the n m u t h ,  the s o u n d s  a s s o d a t c d  with the 5;wallowing 
cvcnl,  and  the rcspiralory pa t te rn  hd 'orc,  dur ing,  and  al'Icr the 
drink was swallowed,  l h c  o p t i m u m  r speed was [ound to 
be lO rnm,s, produc ing  a chafl  about 2 111 [Img ['nl- c;Ich tcst. 

Method  

1"h,2 5;ubjr wcrc sealed comforlably o r  suppor lcd  i l l  bed wilh 
pillows and Ihc Cqtlipnlclll w4s allachcd. Ihcy wcrc told that 
lhc equipmcnl would fccord swalhming and Ihill they would 
bc asked Io 5;wallow fruil-t]avl~rcd drink from a teaspoon re- 
peatedly. No mcnlmn ,aas made that breathing was h~ hc re- 
corded. 

Rcsling respiration wits recorded to establish Ihc pal lc rn  
of the individuill's normal, ram feeding pattern. Recordings con- 
tinucd as Ihc drink was; repeatedly ol't'ercd 011 the special spoon 
and swallowed, Ihc  inicrl~relalion of the recordings ,a:as found 
Io hc simplil'icd by allowing Ihc sul]jcct Io lake Iwo or three 
bre;flhs hclwccn each spoonful. To idenlify Ihc rhylhm, Ihe 
ideal requirement was found to bc 11} mmfecding respiratory 
cycles .]lid 10 swallow cvcnls. 

Results  

Beforc  d i s c u s s i n g  the  d a t a  in de t a i l ,  it is neces sa ry  
to c o n s i d e r  the  c h a r t  l eng lhs .  A c h a r t  2 m  long  
c a n n o l  be s h o w n  w i t h o u t  loss o f  i m p o r t a n t  de l a i l  
in a p u b l i c a t i o n ,  yet  the  r e g u l a r i t y  o f  lhe  occur-  
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I.'i~. 3. tJppcr trace ilhlslrilles lip soon cOnhlcl, middle trace 
s h o w s  c]cclrOIllcally processed signals o f  Ihc swallmv :',{}1111{t5; 
[ ' l 'onl I h l ' o i l l  microphone: lower [filCC, obt;lincd f r o l l l  l i l t  14icro- 
m a m m l c l c r  dur ing  feeding, shows  l'ccding respira tory  lXfllcrns 
while sul'~jec! lakes; and s~alhl,a's 5 ml fruit-flax orcd drink. 

fence  o f  the  even t s  is an  i m p o r t a n !  par !  o f  the  
a s s e s s m e n l .  U s u a l l y  th is  can  be seen f r o m  the 
cha r t s ,  but  in lh is  p a p e r  lhe  r e p e a t a b i l i t y  o v e r  a 
la rge  n u m b e r  o f  s w a l l o w s ,  b o t h  for  an  i n d i v i d u a l  
a n d  b e l w e e n  sub jec t s ,  will bc i l lusu-a ted  [a ler  us ing  
s c a t t e r  g r a p h s  (see Fig .  5). 

T h c d a t a s h o w c d t M t t h e  18 3 0 - y e a r - o l d g r o u p  
o f  n o r m a l  s u b j e c t s  p r o d u c e d  c o n s i s l c n t  p a U c r n s ,  
so the  resu l t s  f r om the i r  c h a r l s  wcrc  used as  a bas i s  
Ibr  c o m p a r i s o n  wi th  o t h e r  g r o u p s ,  i n c l u d i n g  the  
n o r m a l  sub jec t s  in o t h e r  age  g r o u p s .  

Dclaih'd ,4nalr.~'L~ 

F i g u r e  2 s h o w s  a t race  o b t a i n e d  f rom the p r e s s u r e  
t r a n s d u c e r ,  r e c o r d i n g  nasa l  a i r l l o w  d u r i n g  n o r n m l  
rcs t ing  r e s p i r a t i o n ,  o f  f ou r  a n d  a h a l f  r e s p i r a t o r y  
cycles  in a p p r o x i m a l e l y  10 s. 

F i g u r e  3 s h o w s  t h r e e  s i m u l t a n e o u s  t races .  T h e  
u p p e r  t race  s h o w s  l i p / s p o o n  c o n t a c t :  lhe  m i d d l e  
t racc  s h o w s  lhe  e l e c t r o n i c a l l y  p r o c e s s e d  s igna l s  
f rom the t h r o a t  m i c r o p h o n e ;  a n d  ihe  b o t t o m  t race  
s h o w s  the  f eed ing  r e s p i r a t o r y  p i l l l c r n s  a s s o c i a t e d  
wi th  t a k i n g  a n d  s w a l l o w i n g  1 t e a s p o o n f u l  o f  lhe  
d r i n k .  N o l e  first  t h a i  the  r e s p i r a t o r y  t r ace  in this  
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Fig. 4. Feeding respiratory trace with superlm ~osed associated events. E, nasal expiration; I, nasal inspiration; re, respiratory 
cycle: one cycle of resting respiration: da. deglutition apnea: this is the period when no nasal airflow was recorded during 
the pharnygeal stage of swallowing; ss, swallow sounds: represented by two vertical arrows that correspond to the two clicks 
of the swallow sounds;  so, spoon contact;  the period marked by two vertical lines that records whcn the spoon is in contact 
with the lips; op, oral part :  measured from the end of spoon contact to the first swallow sound;  pp, pharyngeal part:  measured 
from the end of spoon contact to the first swallow sound:  pp, pharyngeal part:  measured from the first swallow sound to 
the start of the postswallow respiration. 

figure shows a period of  apnea coinciding with the 
swallow signals. Both before and after this period 
of  apnea, complex respiratory events occur, the 
essential features of  which are repeated in subse- 
quent swallows in a given subject. 

Superimposition of  the respiratory trace and 
the events from the other two traces of Figure 3 
allowed for easier analysis and this form of presen- 
tation, shown in Figure 4, will be used hereafter. 
The definitions of the terms used are shown in 
the caption of Figure 4. The terms 'oral part" and 
'pharyngeal part' were carefully chosen in this 
study since, although the timing and clinical value 
of  these events are similar to those of the 'oral 
phase' and 'pharyngeal phase' (terms commonly 
used when analyzing a modified barium swallow 
videofluorescopic investigation), we have not yet 
made a comparison of  the timings with simulta- 
neous recordings of both investigations. The oral 
part was measured from the end of  spoon/lip con- 
tact to the first swallow sound and the pharyngeal 
part was measured from the first swallow sound 
to the start of  respiration after the swallow had 
occurred. 

Analysis o[" Normal Groups 
Under Normal Conditions 

The characteristic findings of  clinical relevance in 
subjccts in thc 18 30 ycar group may bc summar- 
ised as follows: 

Before lip/spoon contact: Evidence of  "pac-  
ing" of respiration that curtails the expiration im- 
mediately before lip/spoon contact. 

During lip/spoon contact: The respiratory pat- 
tern was either an inspiration as shown in Figure 4, 
or an inspiration/expiration combination. Which- 
ever pattern was recorded, it was repeated regu- 

larly throughout the test in 79___14% of events 
(range 58-100%). 

Oral part: Duration of an oral part 0.%1.8 s 
(mean, 1.1 +0.4 s); only one swallow per teaspoon- 
ful; during this period there was either an expira- 
tion (in 80% of  the subjects), as shown in Figure 4, 
or a period of apnea, as shown in all the traces 
in Figure l l below. Whichever pattern occurred 
in an individual, it was maintained in 95_+ 6% of 
events (range, 82-100%). 

Pharyngeal part: Rarely was a swallow sound 
corrupted by other associated noise relating to 
coughing or spluttering: consistent duration be- 
tween 0.4 and 0.7 s (mean, 0.5_+0.1 s) for all sub- 
jects ; the end of the pharyngeal part was followed 
by an expiration in 92_+10% of  all swallowing 
events. 

Normal Variations with Age 

Figure 5 shows the variations with age of  the dura- 
tion of  the oral part and pharyngeal part, respec- 
tively, together with the data for an individual cho- 
sen from the 18 30 years age group for compari- 
son. 

The 60-90-years age group showed only 
slightly longer duration of  the oral part (0.5-2.9 s, 
mean 1.4 + 0.6 s) and this was not statistically sig- 
nificant with respect to the 18-30-year age group, 
although the increased duration of  the pharyngeal 
part (0.6 ! .0, mean 0.7+_0.1), was significantly dif- 
ferent ( P =  0.05%). 

The children aged 2-11 years and the 
12-17-year-old group exhibited times for oral and 
pharyngeal parts similar to those of  the 
18-30-year-old group. However, two differences 
were noted. First, in children under 11 years, some- 
times 2 swallows per teaspoonful were recorded- 
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Fig. 5. A Variation with age in normal subjects of average dura- 
tions of oral part and the spread of data for an individual 
in the 18-30-year group. B Variation with age in normal sub- 
jects of average durations of pharyngeal part and the spread 
of data for an individual in the 18-30-year group. 

Second, expirations did not always cease immedi- 
ately before lip/spoon contact. The percentage of  
expirations that ceased before lip/spoon contact 
over the whole range 2-30 years is shown in Fig- 
ure 6. The percentage in the 60-90-year-old group 
continued at the same level as the 18-30-year-old 
group. 

The percentage of  swallow events followed by 
an expiration was consistently high for all age 
groups and is shown in Figure 7, the average being 
89% in 2-11-year-olds and 98% in 60-90-year- 
olds. 

Normal Self-Feeding Sub./ects 

All the above results refer to subjects being fed. 
During self-feeding (e.g., taking soup from a 
spoon) another element is involved: the motion 
of the arm must be linked with lip/spoon contact. 
It was possible that a feedback mechanism with 
the central nervous system was influencing the 
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Fig. 6. Percentage of expirations ceasing immcdiately before lip,,' 
spoon contact plotted against age in years in normal subjects 
aged 2 30 years. 
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Fig, 7. The percentage of  swallows followed by an expiration 
plotted against age in years lbr normal subjects. 

swallowing mechanism. This was tested in three 
normal subjects. Figure 8 shows two traces: the 
upper while the subject was being fed and the lower 
when another subject was self-feeding. The essen- 
tial features of  the two traces are very similar and 
seemed to exclude any central neurologic effect of  
arm movement on the actual swallowing mecha- 
nism. 

Neurologically Impaired Subjects with Dysphagia 

Cerebrot;ascular Accident. The chart in Figure 9 B 
may be compared with one from a normal subject 
(Fig. 9A). It exhibits the following differences 
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Fig. 8. Comparison between a normal subject being fed (upper 
trace) and a different normal subject self-feeding (lower trace). 

f rom normal :  abnormal  respirat ion at spoon con- 
tact, the pat tern o f  which which may vary through-  
out  the test: variable and prolonged oral par t ;  vari- 
able direct ion o f  respirat ion after  swallowing: the 
dramat ic  decrease in the percentage o f  swallows 
followed by an expirat ion in all patients is demon-  
strated in Figure 10; loss o f  the normal  consistency 
in the feeding respiratory pat tern  from one swallow 
to another .  

Motor Neuron Disease. The results f rom all pa- 
tients with moto r  neuron disease were similar. 
They show normal  direction of  respirat ion at 
spoon contact ,  an expirat ion after  each pair of  
swallow sounds,  and rapid multiple swallows per 
5 ml spoonful .  These were never observed in other  
adults. 

Normal Sut~jects under Experimental Conditions 

To determine whether  reduced sensory input af- 
fected the fccding respiratory patterns,  subjects 
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Fig. I0. The pcrccntagc of swallows followed by an expiration 
plotted against age for normal subjects (e) and for palicnts 
who have had a cerebrovascular accident (,). 

with apparent ly  normal  swallowing were tested, 
some after  being bl indfolded and others af ter  re- 
ceiving pharyngeal  anesthesia. 

The first group were bl indfolded after  the nor- 
mal feeding respira tory pat tern  had been deter- 
mined. Figure 1 1 shows the results for a single sub- 
ject. In the first test (Fig. 11A) the subject was 
fed under  the normal  test condit ions.  In the second 
test (Fig. 1 1 B) the subject was blindfolded and told 
when the spoon was approach ing  the lips: " H e r e  
it comes (pause) n o w ! "  In the third test (Fig. ! 1 C), 
with the subject still bl indfolded,  no p rompt  con- 
cerning the approaching  spoon was given. In the 
fourth test (Fig. 1 1 D) the spoon was deliberately 
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Fig. 9. Tracings from 
neurologically impaired and 
normal subjects. 
A Normal subject. 
B Subject alter a 
cerebrovascular accident and 
complaining of dysphagia. 
C Patient with motor neuron 
disease and dysphagia. 
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Fig, I I. Tracing from a normal  subject under  experimental  con- 
ditions. A Normal  condi t ions .  B Blindfolded, p rompted  about  
spoon approach ing  lips: '" Here it comes (pause) now ", C Blind- 
folded, no p rompt  concerning approach  o f  spoon.  D Blind- 
folded, spoonful  deliberately offered dur ing expiratory phase 
of  respiration,  p rompt  given immediately prior  to spoon con- 
tact. 

offered to the blindfolded subject during an expira- 
tory phase of respiration, detected by watching the 
meter on the micromanometer;  indication was 
only given immediately prior to the instant of lip/ 
spoon contact. 

In each of these tests on normal blindfolded 
subjects the respiratory feeding patterns following 
the deglutition apnea were the same as those pro- 
duced in the subject's normal pattern. 

In the second group, two patients who were 
due to have the oropharyngeal isthmus sprayed 
with a topical anesthetic prior to oral gastroscopy 
agreed to be tested both before and 4 min after 
the spray was applied. These subjects were careful- 
ly selected and all the implications explained to 
them. Six applications of  10 mg lidocaine spray 
(Xylocaine spray, Astra) were used: one spray was 
directed towards each side of  the soft palate, dor- 
sum of the tongue, and the pillars of the fauces, 
which is the normal procedure prior to gastros- 
copy. The test proceeded with caution and it was 
thought prudent to terminate it on the second sub- 
ject after five small spoonfuls because the patient 
appeared to become apprehensive. 

The following differences between pre- and 
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Fig. 12. Assessment  table summariz ing data from E D A T  test 
on a pat ient  with dysphagia  following a cerebrovascular  acci- 
dent.  

postspray readings were noted: the overall regular- 
ity of  the pattern was reduced in both subjccts; 
the duration of  the oral part in one subject rose 
from 1 .8+1 .4s  to 2 . 6 + 1 . 0 s ;  both subjects had 
coughing episodes after the swallow sounds, which 
suggested possible aspiration: and the fraction of 
swallows in which the postapnea event was expira- 
tion changed from 10/11 to 6/8 and 11/12 to 2/4 
expirations, respectively. 

Presentation of Data.~r Clinical hTterpretation 

When analyzing an individual subject's chart, it 
is suggested that it be examined in this order, using 
the definitions in Figure 4: first examine the chart 
overall to determine whether the patterns of all 
events are regularly repeated throughout the test; 
calculate the percentage of events in which expira- 
tion has ceased before lip/spoon contact; calculate 
the mean and standard deviation of  the duration 
of  the oral part: determinc whether the duration 
of  the oral part is constant, erratic, or varies pro- 
gressively as the test proceeds; calculate the per- 
centage of  swallows followed by an expiration: and 
count the number of  swallows per spoonful. 

A table of data may be used to help analyze 
the basic information and prepare the findings for 
clinical application. An cxample is shown in Fig- 
ure 12 for a patient with dysphagia following a 
cerebrovascular accident. However, clinicians ex- 
perienced in neurologic dysphagia will glean more 
information from EDAT, which is specific to each 
individual subject and may be helpful ~ in diagnosis, 
as discussed later, The summary section may be 
compiled using the information recorded in the as- 
sessment table together with other clinical observa- 
tions. 
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resting respirat ion 

SC a r m  m o v e m e n t  s c  self feeding 
Fig. 13. Upper trace." resting respiration 
from a patient following a stroke and 
suffcring from dyspraxia affecting the arm 
used for feeding. Lower trace." same patient. 
self-feeding. 

Fig. 14. Tracing from a boy 
aged 6 years with alhetoid 
cerebral palsy. 

Discussion 

We have found strong evidence that well-orga- 
nized, complex respiratory patterns consistently 
occur during feeding in normal subjects. The com- 
plexity of  these patterns and their regular repeti- 
tion suggest that they require sensitive sensory trig- 
gering and continuous feedback stimuli from many 
sources. The "'feeding respiratory pat tern" ap- 
pears to become organized with the approaching 
spoonful and continues until the bolus has left the 
pharynx. 

We have considered other possible explana- 
tions for the respiratory arrangement during deglu- 
tition, including continuation of the nonfeeding 
respiratory rhythm with a period of apnea during 
the pharyngeal stage, and a random combination 
of inspirations, expirations, and periods of  apnea 
initiated internally in the brain. These explanations 
have not been supported by EDAT tests on normal 
subjects, although some have been demonstrated 
in neurologically impaired subjects with dysphagia. 

The finding that respiration is carefully orga- 
nized be/bre lip/spoon contact and matures at 
about 16 years of  age (Fig. 6) is interesting. Evi- 
dence of  the importance of organization in the 
swallowing mechanism is demonstrated by the re- 
suits from a stroke patient who had arm dyspraxia 
and possibly an impairment of the field of vision. 
Figure 13 (upper trace) illustrates the resting respi- 
ration from a patient who had recovered from a 
strokc. She had no swallowing problem, but suf- 

fered from dyspraxia affecting her right arm and 
it was with her right hand that she held the spoon 
to feed. The feeding respiratory pattern recorded 
under these conditions is presented in the lower 
trace of  Figure 13. The duration of the expiration 
preceding lip/spoon contact is greatly increased 
(two to three times) when compared with her nor- 
mal resting respiration. The duration tended to in- 
crease as the test proceeded. The patient appeared 
to be attempting to maintain end-expiration at 
spoon contact regardless of  the duration of  that 
expiration. This could have been due to poor pro- 
prioception as the arm moved through a field of 
impaired vision. Further evidence has been found 
in a recording (Fig. 14) from a 6-year-old boy who 
had feeding difficulties and mental retardation as- 
sociated with cerebral palsy, yet who had no diffi- 
culty with the pharyngeal stage of  swallowing. 
Note that resting respiration continues without 
changc, a condition maintained throughout the 
test, as he was fed with the spoonful of drink but, 
as in the normal subject, exhalation consistently 
followed the period of deglutition apnea. Once the 
bolus entered the mouth, all timings were normal. 
It is possible that visual awareness of  the ap- 
proaching spoon was nonexistent and also that 
there was a lack of  tactile awareness on lip/spoon 
contact. 

It is suggested that this period before lip/spoon 
contact should be regarded in studies ofdeglutition 
as an "anticipatory stage," in addition to the es- 
tablished oral, pharyngeal, and esophageal stages 
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of swallowing. It may help, therefore, to record 
the findings relating to the "anticipatory stage" 
in the assessment table (Fig. 12) in the space la- 
beled "Other" .  

We bclievc that sensory impairments produce 
disrupted respiratory patterns and that the timing 
of the disruption may be used as a guide to the 
identification of  the origin of  the sensory deficit, 
the most important of  which is the afferent side 
of the reflex arc, which triggers the pharyngeal 
stage of  swallowing. If this afferent side is defec- 
tive, neither alteration of  respiration nor pharyn- 
geal triggering is possible. Attempts to assess the 
afferent side by use of the gag reflex test are ac- 
cepted as unreliable because this reflex is, to some 
extent, under voluntary control, whereas during 
the EDAT test any voluntary overriding of  reflexly 
organized rhythms is avoided. EDAT is a test of  
function (not of  structure) and it is possible to 
use the results to assess more reliably the reflex 
arc responsible for triggering the pharyngeal stage 
of swallowing than by testing the gag reflex. 

The etiology of  impaired oral function during 
swallowing is complicated by the many factors that 
coordinate propulsion of  the bolus to the back of  
the mouth. Two distinct abnormal patterns have 
so far been identified during the oral part of  swal- 
lowing: consistently prolonged transit times with 
a much wider variation than usual and respiratory 
patterns not as consistent as for a normal individ- 
ual; and multiple swallows per 5 ml spoonful, each 
swallow being accompanied by normal respiratory 
patterns whose durations are within dcfined nor- 
mal limits. 

Poor performance during the oral stage may 
be due either to predominantly motor nerve patho- 
logic conditions as found in motor  neuron disease, 
producing the pattern described above, or to any 
combination of  the many types of  sensory function 
(e.g., tactile, afferent side of reflex arcs, or proprio- 
ception with or without motor weakness) com- 
monly found following a cerebrovascular accident 
and also in normal subjects who had a topical anes- 
thetic solution applied to the region between the 
pillars of  the fauces, both of which may produce 
the pattern mentioned above. Even when those 
neurologic pathways are adequate, poor function 
that clinically mimics the effects o f  inadequate neu- 
ral pathways may be due to other factors such 
as loss of  swallowing memory. Normal EDAT pat- 
terns are produced under these conditions when 
the swallow therapist instructs the patient to swal- 
low the bolus. These additional observations may 
also be recorded in the summary of  the assessment 
table (Fig. 12). The difficulties with swallowing ex- 

perienced by a patient appear to be directly related 
to the number and distribution of  the deviations 
recorded. 

Although in patients in whom malfunctioning 
is occurring EDAT identifies whether any or all 
of the stages (anticipatory, oral, or pharyngeal) 
of  the swallowing mechanism are involved, sound 
clinical judgement is required to establish a de- 
tailed diagnosis by relating the findings to the clini- 
cal examination: for example, poor anticipation 
while being fed, without prompting the patient, 
would suggest visual impairment. 

The advantages of  EDAT in the diagnosis and 
management of  dysphagia of  neurological origin 
are that it is a simple and easily portable piece 
of  equipment; it may be taken to the bedside and 
used by the swallow therapist; the swallowing may 
be tested using small amounts of  fruit-flavored 
drink; it is noninvasive, so tests may be performed 
as often as needed or for research purposes; it ap- 
pears to be a reliable method of  assessing sensory 
perception during the anticipatory, oral, and phar- 
yngeal stages of  swallowing, unaffected by sup- 
pression or hyperactivity of the higher centers in 
the brain; it focuses attention on those stages of  
the swallowing mechanism in which malfunction 
occurs and helps to assess the severity of  the dys- 
phagia as well as to identify the relative importance 
of sensory nerve, motor nerve, and functional 
causcs. Combined with other investigative proce- 
durcs, it helps to formulate a management regi- 
men. 

Acknowledgments. The authors are grateful for the help and 
encouragement given by the medical staff of the Royal Devon 
and Exeter Hospitals, the head teachers, staff, and pupils of 
Vranch House School, Exeter, Clyst Vale Community College, 
and Exminster Primary School. We are grateful to Knawles 
Electronics, Burgess Hill, for the gift of audio transducers, and 
to the Devon Northcott Medical Foundation for a grant that 
made this research possible. 

References 

1. Nishino T, Yonezawa T, Honda Y: Effects of swallowing 
on the pattern of continuous respiration in adults. Am Rev 
Respir Dis 6:1219--1222, 1985 

2. Selley WG, Flack FC, Ellis RE, Brooks WA: Respiratory 
patterns associated with swallowing. Part 1. The normal 
adult pattern and changes with age. Age Ageing t8:168 172, 
1989 

3. Selley WG, Flack FC, Ellis RE, Brooks WA: Respiratory 
patterns associated with Swallowing. Part 2. Neurologically 
impaired dysphagic patients. Age Ageing 18:173-176, 1989 

4. Tudor C, Selley WG: A palatal training appliance and a 
visual aid for use in the trcatmcnt of hypcrnasal specch. Br 
d Dis Commun 9:117 122, 1974 

5. Lear CSC, Flanagan JB, Moorrees CFA:  The frequency of 
deglutition in man. Arch Oral Biol 10: 83-99, 1965 


