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Abstract

Background: swallowing evaluation of older individuals with coronary disease referred to heart surgery.
Aim: to identify the characteristics of the swallowing function in older individuals referred to myocardial
revascularization surgery (MR), using an eval uating protocol composed by awater test, cervical auscultation
and pulse oximetry. Method: the A ssessment Protocol for Dysphagia Risk through a Combined Swallowing
test and Vital Signs monitoring was used (PADTC) - measurements of HR and SpO2 (heart rate and
oxygen saturation), water swallowing test with 1, 3, 5, 10, 15 e 20ml, measurement of respiratory rate
and cervical auscultation. The electronic stethoscope was used to analyze the number of swallows,
response time and swallowing sound classification. In the Research Group (RG) older individuals with
heart disease who werereferred to MR wereincluded. In the Control Group (CG) healthy older individuals
wereincluded. Results: 38 older individuals were evaluated in the RG (mean age 68 years). In the CG, 30
older individua swere evaluated (mean age 70 years). Therewasasignificant differencefor the swallowing
responsetimein older individual swith heart disease who presented HR bel ow 60: swallowing responsewas
shorter for 3ml, 10ml, 15ml e 20ml. HR was lower for individuals with heart disease. No significant
difference was found between the groupsfor the other analyzed parameters. Conclusion: older individuals
with heart disease presented differences in the swallowing function when compared to healthy older
individuals. Older individual swith heart disease presented aterationsin thetemporal coordination between
breathing and swallowing, thusindicating risk for dysphagia.

Key Words: Deglutition; Aged; Myocardial Infarction; Oximetry; Dysphagia.

Resumo

Tema: avaliagdo da degluti¢cdo deidosos com doengacoronariaeindicacdo de cirurgia cardiaca. Objetivo:
identificar as caracteristicas da degluticdo de idosos indicados a cirurgia de Revascul arizagao Miocardica
(RM), utilizando um protocolo de avaliagdo composto por um teste de degluticdo &gua, ausculta cervica
eregistros daoximetriade pulso. Método: foi utilizado o Protocolo de Avaliagéo do Risco de Disfagiapor
Teste Combinado de Degluti¢cdo e Monitorizagao dos Sinais Vitais (PADTC), contendo o registrodaFC e
SpO, (frequéncia cardiaca e saturagdo de oxigénio), um teste de degluticéo de aguacom 1, 3,5, 10, 15 e
20ml, medida da frequénciarespiratoria e ausculta cervical. O estetoscopio el etronico propiciou aandise
do nimero, tempo de resposta e classificagdo do som da degluticéo. No Grupo de Pesquisa (GP) foram
incluidos idosos cardiopatas com indicagdo de RM. No Grupo Controle (GC) foram incluidos idosos
saudaveis. Resultados: foram avaliados 38 idosos no GP, com média de idade de 68 anos. No GC foram
avaliados 30 idosos, com idade média de 70 anos. Houve diferenca significativa no tempo de resposta da
degluticdo nos cardiopatas com FC abaixo de 60, sendo mais curto em 3ml, 10ml, 15ml e 20ml. A FC
permaneceu mais baixa nos cardiopatas. Nao houve diferenca significativa nos outros paréametros, ou
sgja, os dois grupos foram semelhantes. Conclusdo: os idosos cardiopatas apresentaram diferenca na
funcg&o de degl uticdo em relagdo aosidosos saudaveis. Os cardiopatas apresentam ateragbes dacoordenacao
temporal entre respiragéo e degluticéo, revelando risco para a disfagia.

Palavras-Chave: Degluticdo; Idoso; Infarto do Miocérdio; Oximetria; Disfagia.
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Introduction

Patients who have had cardiac surgeries are
typically at an advanced age and present a larger
number of associated conditions. The cardiac
surgery most frequently performed in elderly
patientsismyocardia revascularization (MR). This
surgery is indicated in the treatment of coronary
artery disease (CAD), in which the obstruction of
coronary arteries by atheroma plagues may cause
acute myocardial infarction (AMI). The risk for
complications after MR has been investigated in
this population, and strategies have been proposed
to decrease the morbidity and mortality1,2.

Oropharyngeal dysphagia(OD), or swallowing
disorder, affects elderly patients who suffered
cardiac surgeries, increasing therisk of aspiration,
respiratory complications, and pneumonia. Studies
have shown that the index of pulmonary
complications and death in elderly patients who
areintheintensive care unit (ICU) arereduced when
OD isdetected early3-7.

The objective of the current study was to
identify the characteristics of swallowinginelderly
patientswith CAD andindication for MR, utilizing
an evaluation protocol that consists of a water
swallowing test with cervical auscultation and pulse
oXimetry assessment.

Methods

The sdlection and evauation proceduresfollowed
the relevant ethics processes. Ethics Committee
approva (CAPPesq HCFMUSP number 807/06) and
signature of informed consent.

Subjects

Study Group (SG): participantsof thisgroup were
sdectedfromthelist of patientsdligiblefor MR surgery
in a cardiology referral hospital. The subjects were
admitted inthe hospita ward in preparation for elective
MR, with length of stay ranging from 24 to 48 hours.
Medica recordswereaccessed toreview overdl dinicd
assessment data; independent activitiesof daily living
(ADL); cognitive functions; and previous and current
diseases. The digibility criteriawere: age equa to or
greater than 60 yearsold; both genders; withindication
of eective MR; with no history of previous cardiac
surgery, respiratory diseases, gastrointesting diseases,
or neurological diseases; and with no history of
oropharyngeal or laryngedl trachea surgery. Data
regarding independent ADL and cognitive functions
must havebeen recorded withinamaximum of 48 hours.
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Thirty-eight elderly met theinclusion criteria.

Control Group (CG): thesubjectsinthisgroupwere
volunteers sdlected among individuas who were not
admitted in the hospitd but registered in the Geriatrics
Ambulatory of agenera hospitdl. Theinclusoncriteria
for thisgroup included the following: age between 60
and 75 years old; both genders; with no history of
respiratory diseases, gastrointesting diseases, cardiac
diseases, or neurologicd diseases; with no history of
oropharynged or larynged tracheal surgery; and with
no hospita admission in the past 12 months. Data
regarding independent ADL and results of the mini-
mental state examination (compatible with the
individual'sage and education level) should have been
collected withinamaximum of 60 days. Thirty elderly
met theinclusion criteriafor thisgroup and signed the
informed consent.

Materids

The study employed the Evaluation Protocol of
Risk for Dysphagiaby Combined Swalowing Test and
Vit SignsMonitoring (EPDCT)8.

The materids used in the study were: adisposable
cup with 60 mL of filtered water, disposable 20 mL
syringe, electronic stethoscope Littmann 4100 (3M
Hedlth Care), Technoschronometer, and pulseoximeter
(Dixtd, modd DX- 2515).

Procedures
TheEPDCT condstsof:

1 Initid basdinevital Signassessment- A pulse
oximeter was used to assess the heart rate (HR) and
saturation of peripheral oxygen (SpO2) every minute
for 5 minutes. The average HR and SpO2 were
cdculated et the end of the 5 minutes. To assess the
respiratory rate(RR), weused amanua technique, which
conssted of maintaining the examiner's hand on the
subject's diaphragm and counting the number of
inspirations followed by expirations during the last
minute of the assessment of initia basdinevita signs;
2 Swallowing assessment - consisted of the
swdlowing test, cervica auscultation, and vital signs
assessment. Thewater-swallowing test wasperformed
with the participant sitting on a chair. Two quick taps
on the lower face of the subject next to the left cheek
were established as the signal to swallowing. The
participant wasinstructed to open her mouth, and 1 mL
of filtered water was ingtilled on the tongue using the
disposable 20 mL syringe. The participant was
instructed to close her mouth and swallow the contents
naturally following the signa. This procedure was
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repeatedwith 3,5, 10, 15,and 20 mL.

3 The auscultation was performed with an
€lectronic stethoscope positioned on thelateral border
of thetrachea, inferior tothecricoid cartilageto record
the swallowing sound with each offered water volume.
To avoid behaviord changes, the participant was not
awareof therecording. Theanalysisof thesoundswas
performedwiththe3M ™ Littmann™ Sound Anayss
Software, Verson 2.0, with the extraction of datafrom
theacousticsand visudization of the col or spectrogram.
The recorded sounds were classfied asfollows:

. sound type 1: two audible clicks were identified
followed by theexpiratory murmur;

. sound type 2: two audible clicks were identified
followed by theinspiratory murmur;

. soundtype3; twoaudibledickswereidentified, nether
expiration nor ingpiration wereidentified;

. sound type 4: the two swalowing clicks were not
identified dueto noiseinterference.

The swallowing response time was recorded
through the measure in seconds indicated in the
spectrogram and through the use of the cursor. When
the swallowing sound was identified, the cursor was
interrupted a the exact point where the sound started.
Thecursor indicated thetimemarker at whichthesound
started, with this marker taken as the swallowing
responsetime.

The amount of swallowing was recorded for each
offered volume of water for 8 seconds after the
commeand, and either sngleor multipleswallowingwas
detected. Multiple swallowing was considered a
symptom of dysphagiad,10. The presence of adverse
events such as coughing or choking was recorded.
The assessment of vital signs during the swallowing
test for HR and SpO2 after each swallowing was
performed through pul seoximetry.

Theprotocal interruption criteriawere: presenceof
two consecutive choking events; dterations of SpO2
with a mean decrease of 4% compared to the initia
basdlinewith no recovery within2 minutesl1.

Assessment of the find vitd signs basdine was
performed through the procedure described in Item 1.

Setigicd andysis

The test for comparing two proportions was
employed to comparethedistribution of theamount of
swalowing, type of sound, and adverse events. The
test was aso gpplied to analyze the RR and HR in
relation to the amount of swalowing. The Mann-
Whitney test was agpplied to compare the two groups
regarding quantitative results related to the HR and
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SpO2 at theinitia basdine, during theswallowing test,
and at the final baseline. The differences were
conddered satisticaly significant whenp < 0.05. The
results were presented as mean + standard deviation
and median, in additiontoaconfidenceinterva of 95%
forthemean.

In this analysis, we used the software packages.
SPSSV11.5, Minitab 14, and Excel XP

Results

In thisstudy, the SG was composed of 38 elderly,
with 27 (71%) men and 11 (29%) Women. Theaverage
age was 68 years. The CG consisted of 30 elderly,
with 15 (50%) men and 15 (50%) women. Theaverage
age was 70 years. There was no significant
difference regarding gender or age.

The comparison of the vital signs at the initial
and final baseline showed a significant difference
between the groups regarding HR, with the highest
values in the CG (Table 1). This difference was
observed at the initial (p<0.001) and at the final
(p<0.001) baseline. Regarding SpO2, there was no
significant difference, i.e., the saturation remained
similar before and after the swallowing test in both
groups (SpO2 > 96%).

The comparison of the HR in the two groups
during the swallowing test also showed that HR
was significantly higher in the CG than in the SG
(p<0.003). Yet, there was no significant difference
in SpO2 when comparing the initial baseline with
the swallowing test. Regarding the RR, there was
no significant difference at the initial and final
baseline between the two groups (RR=19 ipm in
both groups).

Regarding the number of swallows, single
swallowing was predominant in both groups in all
measurements except 20 mL (with no significant
difference). Therefore, the quantitative swallowing
outcomes were not characterized as a symptom of
dysphagia.

Regarding swallowing response time, there was
a significant difference between the groups when
the participants with HR lower than 60 were
compared (Table 2). This analysis showed a
statistically significant difference for the measures
using 3 ml (p< 0.035), 10 ml (p< 0.012), 15 ml (p<
0.012), and 20 ml (p< 0.033), with ahigher frequency
of swallows up to 1 second in the SG. In the
participantswith HR between 60 and 100 bpm, there
was asignificant difference at 10 mL, with ahigher
frequency of swallowing between 1 and 2 seconds
intheCG (p<0.011).

Regarding swallowing sound, there was no
prevalence of a specific type of sound when
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comparing the two groups. A few isolated findings

were encountered, such as a higher frequency of
Sound Type 1 inthe CG with 5 mL and Sound Type

3with20mL alsointhe GC (p< 0.018).

TABLE 1. Comparison of HR a the initial and find basdine and during the swalowing test.

Regarding adverse events, no significant
difference was found in the comparison between
the two groups. It is worth highlighting that the
frequency of chocking and coughing was very low,
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i.e., few participants presented these events.

HR Initial basdine During the swallowing test Final basdline
GP GC GP GC GP GC
Average 62.84 71.91 64.39 73.21 62.94 7213
Median 61.2 69.8 63.1 70.8 61.9 70.7
Sandard deviation 10.82 10.88 10.80 12.13 9.64 10.78
vC 17.2% 151% 16.8% 16.6% 15.3% 14.9%
Q1 55.0 63.4 56.1 63.1 55.6 65.0
Q3 65.6 80.4 67.8 81.8 67.4 799
N 38 30 38 30 38 30
Cl 344 3.89 3.44 4.34 3.06 386
p-value <0.001* 0.003* <0.001*
V C, variation coefficient; Q, quartile; N, number; ClI, confidence interva
* statistical significance (p< 0.05)
TABLE 2. Comparison of swallowing time between the groups with HR lower than 60 during the test.
CG SG
Volume  Time (seconds) p-value
N % N %
0-1 3 10.0% 10 26.3% 0.089
1ml 1-2 0 0.0% 3 7.9% 0.115
>2 0 0.0% 1 2.6% 0.371
0-1 2 6.7% 10 26.3% 0.035*
3ml 1-2 2 6.7% 3 7.9% 0.847
>2 0 0.0% 2 5.3% 0.202
0-1 3 10.0% 9 23.7% 0.142
5ml 1-2 1 3.3% 6 15.8% 0.093
>2 0 0.0% 0 0.0% -X-
0-1 2 6.7% 12 31.6% 0.012*
10ml 1-2 2 6.7% 3 7.9% 0.847
>2 0 0.0% 0 0.0% -X-
0-1 2 6.7% 12 31.6% 0.012*
15 ml 1-2 2 6.7% 3 7.9% 0.847
>2 0 0.0% 0 0.0% -X-
0-1 3 10.0% 12 31.6% 0.033*
20ml 1-2 1 3.3% 2 5.3% 0.700
>2 0 0.0% 1 2.6% 0.371

N- number of swalows
* statistical significance (p< 0.05)
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Discussion

In this study, the analyses showed similarities
between the cardiac elderly group and the healthy
elderly group regarding oxygen saturation before,
during, and after the swallowing test. The HR was
lower in the SG before, during, and after the test,
which may berelated to cardiac disease. HR lower
than 60 beats per minute (bpm) occurred in 39% of
the cardiac elderly, which seemsto haveinfluenced
the swallowing time given that such individuals
had a decreased swallowing time with almost all
water volumes when compared with the CG. The
difference between the groupswith HR between 60
and 100 bpm was not statistically significant.

Therefore, in the present study, the effect of
volumeincrease over the swallowing responsetime
was not found among the cardiac patients with low
HR. Thisfinding may be related to the presence of
cardiac disease because it differs from the studies
with both normal individuals and healthy elderly
individuals, in whom the volume increase was
associated with alower swallowing responsetimel3.

The interpretation of this finding may be
supported by studies on the coordination
mechanism  between respiration and
swallowing14,15. As the swallowing occurrence
time remained constant in cardiac individualswith
decreased HR, it is possible to suggest that these
individuals presented swallowing changes to
promote arapid oropharyngeal flow of the offered
water volumes. Thisfinding suggeststhe presence
of higher speed for the swallowing start to maintain
ashort respiratory pausel2,13.

Therefore, the coordination characteristics
between the swallowing and respiratory functionsl6

References

1. Giffhorn H. Avaliag&o de uma escala de risco em pacientes
submetidos a cirurgia de revascularizagdo do miocérdio:
andlise de 400 casos. Rev. Bras. Ter. Intensiva. 2008;20(1):6-
17.

2. Lima R, Diniz R, Césio A, Vasconcelos F, Gesteira M,
Menezes A, Baltar A, Sampaio H, Aquino A, Escobar M.
Revascularizagcdo miocérdia em pacientes octogenérios:
estudo retrospectivo e comparativo entre pacientes
operados com e sem circulagdo extra-corpérea. Rev. Bras.
Cir. Cardiovasc. 2005;20(1):8-13.

3. Ferraris VA, Ferraris SP, Moritz DM, Welch S.
Oropharyngeal dysphagia after cardiac operations. Ann
Thorac Surg. 2001;71:1792-6.

4. Rousou JA, Tighe DA, Garb J, Krasner H, Engelman RM,
Flack JE, Deaton DW. Risk of dysphagia after
transesophageal echocardiography during cardiac
operations. Ann Thorac Surg. 2000;69:486-90.

Avaliacao da degluticéo de idosos com indicacdo de revascularizagdo miocérdica.

aredifferent in the cardiac e derly than in the healthy
elderly. A changeinthetempora coordination between
these functions appears to be involved, and one of
the reasons for this change is the need for a rapid
respiratory resumption due to the cardiac disease.
Although the study results point to the
presence of modifications in the temporal
coordination between swallowing and respiration
in the examined groups, it was not possible to
determine the respiration phase in which
swallowing occurred among the cardiac patients.
Another important finding wasthe classification
of swallowing sounds17-19. Thetwo groupshad a
similar distribution of soundstypes1, 2, and 3. A
few isolated findings were encountered, such as
the predominance of Sound Type 1inthe CGwith5
mL and of Sound Type 3 with 20 mL in the same
group. Thisfinding may berelated to the difficulty
in capturing respiratory sounds in both groups.

Conclusion

The decreased swallowing occurrence time in
the participantswith low HR wasthe main finding
among the cardiac elderly. Thisfindinginisolation
may not be an indicator of the presence of OD, but
it may bearisk marker for OD. Thismarker should
be further investigated because the lack of
coordination between respiration and swallowing
may |ead to aspiration in the presence of instability
or even in increased severity of the cardiac
condition. The study contributes to a better
understanding of the swallowing process in the
cardiac elderly. Further research is necessary to
enable abetter diagnosis, treatment, and prognosis
of oropharyngeal dysphagia in the study group.

5. Hogue CW, Lappas GD, Creswell LL, Ferguson B, Sample
M, Pugh D, Balfe D, Cox JL, Lappas DG. Swallowing
dysfunction ater cardiac operations. J Thorac Cardiovasc
Surg. 1995;110:517-22.

6. Hinchey JA, Shephard RN, Furie K, Smith D, Wang D,
Tonn S. Formal dysphagia screening protocols prevent
pneumonia. Stroke. 2005;36:1972-6.

7. Kikawada M, Iwamoto T, Takasaki M. Aspiration and
infection in the elderly: epidemiology, diagnosis and
management. Drugs Aging. 2005;22(2):115-30.

8. Dantas MORL. Disfagia em cardiopatas idosos: teste
combinado de degluticdo e monitorizagdo dos sinais vitais.
[Tese]. Sao Paulo: Faculdade de Medicina, Universidade de
S&o Paulo; 2008.

389



9. Ertekin C, Aydogdu I, Yuceyar N. Piecemeal deglutition
and dysphagia in normal  subjects and in patients with
swallowing disorders. J Neurol Neurosurg Psychiatr
1996;61(5):491-6.

10. Terzi N, Orlikowsky D, Aegerter P et al. Breathing-
swallowing interaction in  neuromuscular patients- a
physiological evaluation. Am J Respir Crit Care Med
2007;175:269-76.

11. Gross RD, Atwood Jr CW, Ross SB, Eichhorn KA,
Olszewski JW, Doyle PJ. The coordination of breathing
and swallowing in Parkinson's disease. Dysphagia 2008;
23(1):76-81.

12. Gross RD, Atwood Jr CW, Grayhack JP, Shaiman S.
Lung volume effects onpharyngeal swallowing physiology.
J Appl Physiol. 2003;95:2211-7.

13. Dozier TS, Brodsky MB, Michel Y, Walters BC, Martin-
Harris B. Coordination of swallowing and respiration in
normal sequential cup swallows. Laryngoscope 2006;
116:1489-93.

Appendix

Evaluation Protocol of Risk for Dysphagia by Combined Swallowing Test and

Pré-Fono Revista de Atualizagéo Cientifica. 2010 out-dez;22(4).

14. Costa MMB, Leme EMO. Coordination of respiration
and swallowing: functional pattern and relevance of vocal
folds closure. Arq Gastroenterol 2010;47(1):42-8.

15. Matsuo K, Palmer JB.Coordination of mastication,
swallowing and breathing. Jpn Dent Sci Rev. 2009 May
1;45(1):31-40.

16. Boden K, Cedborg AL, Eriksson LI et a. Swallowing
and respiratory pattern in young healthy individuals
recorded with high temporal resolution. Neurogastroenter!
Motil. 2009; Nov 21(11):1163-e101.

17. Leslie B, Drinnan MJ, Zammit-Maempel I, Coyle JL,
Ford GA, Wilson JA.Cervical auscultation synchronized
with images from endoscopy swallow evaluations.
Dysphagia; 2007 Oct 22(4):290-8.

18. Moriniere S, Beutter P, Boiron M. Sound component
duration of healthy human pharyngoesophageal swallowing:
a gender comparison study. Dysphagia 2006 Jul 21(3):175-
82.

19. Santamato A, Panza F, Solfrizzi V, Russo A et a. Acoustic
analysis of swallowing sounds: a new technique for assessing
dysphagia. J Rehabil Med 2009;41(8):639-45.

Vital Signs Monitoring (EPDCT). Dantas, 2008.

Monitoring Vitd signs

Swalowing recording

Auscultation Adverse event

SPO2 | HR N. of
swallowin

gs

Sound Regonse time Cough and/or chocking

1ML

3ML

5ML

10 ML

15 ML

20 ML

Assessment of the baseline vital signs

Vitd signs Minute 1 Minute 2

Minute 3 Minute 4 Minute 5 Average

I nitial SPO,

Final SPO,

Initial HR

Final HR

Initial RR

Final RR
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