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ABSTRACT
Purpose: to evaluate the relationship between acoustic analysis of swallowing sounds 
and the presence of pharyngeal residue and penetration/aspiration detected by fiber-
optic endoscopic evaluation of swallowing in resistant hypertensive patients with 
obstructive sleep apnea. 
Methods: an observational study in which resistant hypertensive individuals diagnosed 
with obstructive sleep apnea participated through the all-night polysomnography 
exam. The participants underwent an acoustic analysis of swallowing sounds, using 
a Doppler sonar and simultaneously a fiberoptic endoscopic evaluation of swallow-
ing. The acoustic parameters analyzed were initial frequency, initial intensity, first peak 
frequency, second peak frequency, final intensity and swallowing time. Independent 
samples of t-test and Mann-Whitney test were used for statistical analysis. The level of 
statistical significance adopted was 5%. 
Results: eighty five participants with average age of 58.3±6.3 years were evaluated. 
There was a statistically significant difference between groups with and without pha-
ryngeal residue, in relation to the following parameters of swallowing acoustic signal: 
initial frequency and intensity, second peak frequency, final intensity and swallowing 
time. Only 10 milliliters of pudding consistency showed a statistically significant dif-
ference in the second peak frequency of the acoustic signal of swallowing between 
groups with and without penetration/aspiration. 
Conclusion: a relationship between measurements of swallowing acoustic signal and 
pharyngeal residue in this population was found, but not between swallowing sounds 
and penetration/aspiration.
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INTRODUCTION
Resistant hypertension is defined as the arterial 

blood pressure that remains above the target, despite 
concomitant use of three or more different drug classes, 
or within target with use of four or more drugs1. This 
condition is strongly associated with obstructive sleep 
apnea (OSA)2, characterized as a total (apnea) or partial 
(hypopnea) obstruction of the respiratory flow, due to 
recurrent collapse of the upper airways during sleep, 
causing snoring, frequent awakenings and excessive 
daytime sleepiness3.

Recent studies show that individuals with OSA may 
present oropharyngeal dysphagia, reducing safety and 
efficacy of swallowing, thus, exhibiting penetration/
aspiration4-7 and pharyngeal residue4,5,8,9. The methods 
considered gold standard to evaluate swallowing are 
videofluoroscopic swallowing study (VFSS) and fiber-
optic endoscopic evaluation of swallowing (FEES)10, 
although both present some disadvantages and restrict 
access to the great majority of Brazilian population. The 
disadvantages of VFSS consist of radiation exposure, 
limited time to perform the exam, need to transport 
the patient and loss of events between bolus presen-
tations due to equipment shutdown; while FEES is 
related to white-out period during the pharyngeal 
phase, as well as the time and expense involved with 
endoscope decontamination10. Research has shown 
that acoustic analysis of swallowing can be a promising 
resource for swallowing evaluation, while also painless, 
non-invasive, absence of radiation exposure, no need 
for sedation, portable, easy-to-apply and low-cost11-15. 
The detection of swallowing sounds for acoustic 
analysis may be performed by different instruments, 
such as microphone,16-19 accelerometer20-22 and Doppler 
sonar,11-15,23,24 having the last an excellent diagnostic 
accuracy in discriminating swallowing sounds25.

Although several studies have investigated the 
swallowing acoustic signal by Doppler sonar, all 
researches to date have been performed in individuals 
without complaints of dysphagia and without the use of 
a gold standard exam as a reference, except for one 
study23 that assessed swallowing of individuals with 
spinocerebellar ataxia by VFSS. Besides that, none 
of these studies investigated the relation between 
the swallowing acoustic signal captured by Doppler 
sonar and signs of swallowing dysfunction such as 
pharyngeal residue and penetration/aspiration. 

Thus, the objective of this study was to verify if there 
is a relation between acoustic analysis of swallowing, 
using Doppler sonar, and the presence of pharyngeal 

residue and penetration/aspiration detected by FEES in 
resistant hypertensive patients presented with OSA.

METHODS

A study approved by Research Ethics Committee 
of the Hospital Universitário Clementino Fraga Filho 
(number 1.348.512). All study participants signed an 
Informed Consent Form (ICF). 

It is an observational study in which individuals 
diagnosed with OSA from the Hypertension Program 
of a university hospital were recruited between 
February 2016 and July 2018. The diagnosis of OSA 
was made through an all-night polysomnography 
exam performed at the Sleep Laboratory of this same 
hospital. Electroencephalogram, electrooculogram, 
submental electromyogram, nasal airflow, oximetry, 
respiratory effort, electrocardiogram and anterior tibial 
electromyogram were recorded. The exam report 
was prepared by a qualified physician, specialist and 
certified in Sleep Medicine, who was unaware of the 
patients’ clinical data. The apnea-hypopnea index 
(AHI) was calculated as the number of events of apnea-
hypopnea by hour of sleep. OSA severity was defined 
as mild (AHI: 5-14), moderate (AHI: 15-30) and severe 
(AHI >30). 

All participants were resistant hypertensive 
individuals, diagnosed with OSA, age ≥ 18 years, 
and without spontaneous complaint of dysphagia. 
Of the 397 resistant hypertensive patients with OSA, 
individuals > 65 years (n=242), with neurological 
disease (n=46), who did not sign the ICF (n=11), 
cognitive/behavioral deficit (n=4), chronic obstructive 
pulmonary disease (n=3), hospitalized for kidney trans-
plantation (n=2), head and neck cancer (n=1), trache-
ostomy (n=1) and vocal fold paralysis (n=1) were 
excluded. The following variables were analyzed: sex, 
age, smoke, body mass index, neck circumference, 
apnea-hypopnea index, OSA severity and CPAP use. 
All study participants underwent FEES simultaneously 
with acoustic evaluation of swallowing. 

Fiberoptic Endoscopic Evaluation  
of Swallowing - FEES

The FEES was performed with an ENT-30PIII 
Machida nasofibroendoscopy equipment, by an otolar-
yngologist and a speech therapist. The endoscopic 
positioning for the exam followed the recommendations 
proposed by Hiss and Postma26. Two swallows of 5 ml, 
10 ml and 15 ml of fine liquid (water), nectar, honey 
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and pudding, stained with blue food coloring were 
evaluated. The thickener used was Nestlé ThickenUp® 
Clear in amounts indicated by the manufacturer for 
handling nectar, honey and pudding consistencies. 

The exams were analyzed in real time and frame 
by frame, using Virtual Dub software version 1.10.4 
by two speech therapists independently and without 
knowledge of patients’ data, both with experience in 
dysphagia and FEES. The first evaluator has eight 
years of experience and the second evaluator has three 
years of experience in FEES. In case of disagreement, 
the evaluation of an otolaryngologist with expertise in 
the exam was considered. The evaluators used the 
Yale pharyngeal residue severity rating scale27 and 
the penetration-aspiration scale (PAS)28. Individuals 
were divided into two groups: presence of penetration/
aspiration if the patient presented abnormal penetration 
aspiration score (PAS > 2) and absence of penetration/
aspiration (PAS ≤ 2); as well as presence of pharyngeal 
residue (mild, moderate or severe) and absence of 
pharyngeal residue (none or trace).

Acoustic analysis of swallowing
A portable Doppler sonar Angel Sounds Fetal Doppler 

(Jumper® CE 0482) equipment was used, connected 
to a portable computer to register the acoustic signal 
of swallowing during the FEES. The Doppler sonar was 
placed on the skin surface of the patient’s neck, on the 
right side, just below the cricoid cartilage. Conductive 
gel was used as contact. As proposed by Santos and 
Macedo Filho,11 the acoustic signal of swallowing was 
recorded and analyzed with CTS Informática Voxmetria 
software, with intensity window between 10 and 100 
decibels (dB) and frequency window between 60 and 
1.200 Hertz (Hz)12. The following acoustic parameters 
were analyzed: 
• Initial frequency (FI): frequency, measured in Hz, of 

the first tracing of sound wave;11

• Initial intensity (II): initial intensity, measured in dB, 
of the acoustic tracing of swallowing;11

• First peak frequency (F1P): frequency, in Hz, of the 
first peak of acoustic wave of swallowing;11

• Second peak frequency (F2P): frequency, in Hz, of 
the second peak of acoustic wave of swallowing;11

• Final intensity (IF): final intensity, in dB, of acoustic 
sinal;11

• Time (T): tempo, in seconds, between the beginning 
and the end of the acoustic signal11,12.

Statistical analysis

Statistical analysis was performed using SPSS 21 
software. Categorical data were expressed as absolute 
or relative frequency, while quantitative data were 
expressed as measures of central tendency. The Kappa 
coefficient was used to evaluate inter-rater agreement. 
For categorical data analysis, Pearson’s chi-square 
test was used, or Fisher’s exact test, in case of cells 
expecting a count lower than 5. For quantitative data 
analysis, independent samples t-test or Mann-Whitney 
test were used, according to the satisfaction of 
the assumptions of normality and homogeneity of 
variances, evaluated by the Kolmogorov-Smirnov test 
and Levene test, respectively. The level of statistical 
significance adopted was 5%.

RESULTS

Of 86 individuals able to participate in the study, 
only one was excluded for not completing the FEES. 
The final sample totaled 85 participants, 74.1% being 
females, with a median age of 60 [55-63] years and 
apnea-hypopnea index of 22 [10-38]. Also, 35.3% of 
the participants presented mild OSA, 27.1% moderate 
and 37.6% severe. 

Figure 1 shows frequency of participants that 
exhibited penetration/aspiration distributed by volume 
and consistency. The Kappa inter-rater agreement 
coefficient of PAS was 0.968 (p<0.001).

Figure 2 shows frequency of participants that 
exhibited pharyngeal residue distributed by volume 
and consistency. The Kappa inter-rater agreement 
coefficient of pharyngeal residue severity rating scale 
was 0.934 (p<0.001).
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use between groups with and without penetration/
aspiration. The group that exhibited penetration/
aspiration was older than the group that did not exhibit 
penetration/aspiration. Besides that, most individuals 
using CPAP exhibited penetration/aspiration (Table 1).

Table 1 presents demographic characteristics of 
groups with and without penetration/aspiration and with 
and without pharyngeal residue. There was no statis-
tically significant difference in demographic charac-
teristics between groups except for age and CPAP 

Figure 1. Absolute frequency of patients with abnormal penetration/aspiration scores

Figure 2. Absolute frequency of patients with pharyngeal residue
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and pudding consistencies. In addition, the group with 
pharyngeal residue showed lower final intensity with 
statistically significant differences in all volumes of 
nectar, 10 ml of liquid, 5 ml and 15 ml of honey and 5 
ml of pudding (Tables 2 to 7). But we did not find differ-
ences in the acoustic signal related with penetration/
aspiration.

We observed that the group with pharyngeal 
residue presented lower initial frequency and intensity 
with statistically significant differences in all volumes 
and consistencies, except 5 ml of liquid and 15 ml of 
pudding. The group with pharyngeal residue also 
presented lower second peak frequency with statisti-
cally significant differences in 5 ml and 10 ml of nectar 

Table 1. Demographic characteristics of patients grouped according to presence or absence penetration/aspiration and pharyngeal 
residue 

Characteristics
All patients Penetration/aspiration

p value
Pharyngeal residue p value

(n=85) No (n=56) Yes (n=29) No (n=33) Yes (n=52)
Sex, % females 63 (74.1%) 45 (80.4%) 18 (62.1%) 0.068a 25 (75.8%) 38 (73.1%) 0.783a

Age (years) 60 (55-63) 58 (53-61.75) 63 (60-64) 0.001b 59 (55-61.5) 61 (55-64) 0.061b

Smoking 9 (10.6%) 6 (10.7%) 3 (10.3%) 0.635c 5 (15.2%) 4 (7.7%) 0.231c

BMI (kg/m2) 33.7 (28.7-37) 34.1 (29.5-37.1) 32.8 (27.2-36.3) 0.247b 32.2 (26.9-35.8) 34.7 (29.1-37.4) 0.070b

NC (cm) 41 (38-44.5) 41 (39-44) 40 (37.5-45) 0.599b 40 (38-43.5) 41.5 (38.25-45) 0.423b

AHI 22 (10-38) 20.5 (8.25-36.75) 27 (15-57.5) 0.152b 22 (10-40) 23 (9.75-35.75) 0.914b

Severity of OSA
 - Mild 30 (35.3%) 23 (41.1%) 7 (24.1%) 0.237a 13 (39.4%) 17 (32.7%) 0.803a

 - Moderate 23 (27.1%) 15 (26.8%) 8 (27.6%) 8 (24.2%) 15 (28.8%)
 - Severe 32 (37.6%) 18 (32.1%) 14 (48.3%) 12 (36.4%) 20 (38.5%)
CPAP 19 (22.4%) 7 (12.5%) 12 (41.4%) 0.002a 8 (24.2%) 11 (21.2%) 0.739a

Values are presented as relative and absolute frequencies or medians (interquartile range).
Abbreviations: BMI, body mass index; NC, neck circumference; AHI, apnea-hypopnea index; OSA, obstructive sleep apnea.
a Pearson´s chi-square test.
b Mann-Whitney test. 
c Fisher´s exact test.
p value for bivariable comparisons between groups with and without penetration/aspiration and between groups with and without pharyngeal residue.
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Table 2. Initial frequency (Hz) of the swallowing sound in groups

Penetration/aspiration
p value

Pharyngeal residue
p value

No Yes No Yes
Liquid

5 ml
634.43

(518.92-749.93)
681.34

(443.24-789.32)
0.879

637.08 
(511.40-761.88)

637.08 
(520.25-729.13)

0.494

10 ml
644.16

(548.57-775.16)
587.52

(510.52-676.03)
0.275

704.35 
(553.00-782.24)

561.85
(492.81-637.08)

0.007

15 ml
638.85

(500.78-760.99)
591.06

(456.52-704.35)
0.681

669.83 
(542.38-774.27)

539.72
(483.96-664.07)

0.021

Nectar

5 ml 
614.07

(488.83-750.37)
555.65

(534.41-555.65)
0.881

637.08 
(508.74-755.68)

541.49 
(392.36-653.02)

0.013

10 ml 
614.07

(486.62-758.34)
605.22

(495.47-838.89)
0.665

670.71 
(534.85-773.39)

560.96
(448.56-626.02)

0.034

15 ml 
647.70

(470.68-757.45)
576.89

(491.93-807.02)
0.829

706.12 
(536.62-764.53)

530.87 
(422.89-653.01)

0.005

Honey

5 ml 
627.35

(466.26-746.83)
637.08

(601.68-770.73)
0.447

647.70 
(498.12-762.76)

431.74 
(406.96-601.68)

0.001

10 ml 
637.08

(475.99-743.29)
615.84

(605.22-615.84)
0.640

676.91 
(485.73-755.24)

520.25 
(411.38-699.48)

0.040

15 ml 
637.08

(452.98-745.95)
686.65

(628.23-757.46)
0.296

686.65 
(484.85-760.99)

559.19 
(421.12-658.33)

0.020

Pudding

5ml 
619.38

(484.85-748.60)
679.57

(517.60-756.97)
0.651

651.24 
(520.69-760.99)

477.76 
(438.82-668.19)

0.008

10ml 
647.70

(483.07-750.37)
589.29

(398.11-706.12)
0.461

653.01 
(522.02-768.08)

520.25 
(426.43-690.19)

0.019

15ml 
679.56

(491.93-767.19)
571.58

(468.03-668.51)
0.220

660.09 
(491.93-780.47)

603.45 
(456.52-732.67)

0.541

Values are presented as medians (interquartile range); Mann-Whitney test. 
p value for bivariable comparisons between groups with and without penetration/aspiration and between groups with and without pharyngeal residue. 
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Table 3. Initial intensity (DB) of the swallowing sound in groups

Penetration/aspiration
p value

Pharyngeal residue
p value

No Yes No Yes
Liquid

5 ml 
55.35

(46.23-64.47)
59.06

(40.26-67.58)
0.863

55.56
(45.64-65.41)

55.56
(46.34-62.83)

0.487

10 ml 
56.12

(48.58-66.46)
51.65

(45.57-58.63)
0.269

60.87 
(48.92-67.02)

49.62
(44.17-55.56)

0.006

15 ml 
55.70

(44.80-65.34)
51.93

(41.30-60.87)
0.633

58.14 
(48.08-66.39)

47.87 
(43.47-57.69)

0.020

Nectar

5 ml 
53.74

(43.85-64.50)
49.13

(47.45-49.13)
0.881

55.56 
(45.43-64.92)

48.01 
(36.24-56.82)

0.013

10 ml 
53.74

(43.68-65.14)
53.04

(44.38-71.49)
0.665

58.21 
(47.49-66.32)

49.55
(40.67-54.69)

0.034

15 ml 
56.40

(42.42-65.06)
50.81

(44.10-68.98)
0.829

61.01
(47.63-65.62)

47.18 
(38.65-56.82)

0.005

Honey

5 ml 
54.79

(42.07-64.22)
55.56

(52.76-66.11)
0.447

56.40 
(44.59-65.48)

39.35 
(37.39-52.76)

0.001

10 ml 
55.56

(42.84-63.94)
53.88

(53.04-53.88)
0.640

58.21 
(43.61-64.89)

46.34 
(37.74-60.49)

0.039

15 ml 
55.56

(41.03-64.16)
59.47

(54.86-65.07)
0.305

59.47 
(43.54-65.34)

49.41
(38.51-57.10)

0.020

Pudding

5ml 
54.16

(43.54-64.36)
58.91

(46.13-65.20)
0.621

56.68 
(46.37-65.34)

42.98 
(39.91-58.08)

0.008

10ml 
56.40

(43.40-64.50)
51.79

(36.69-61.01)
0.461

56.82 
(46.48-65.90)

46.34 
(38.93-59.75)

0.018

15ml 
58.91 

(44.10-65.45)
50.39

(42.21-58.04)
0.223

57.38 
(44.10-66.04)

52.91 
(41.30-63.11)

0.564

Values are presented as medians (interquartile range); Mann-Whitney test. 
p value for bivariable comparisons between groups with and without penetration/aspiration and between groups with and without pharyngeal residue. 
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Table 4. First peak frequency (Hz) of the swallowing sound in groups

Penetration/aspiration
p value

Pharyngeal residue
p value

No Yes No Yes
Liquid

5 ml 
942.44

(866.76-1011.92)
955.71

(915.00-989.79)
0.619b

959.25 
(863.67-1011.49)

938.01 
(863.66-1022.98)

0.879a

10 ml 
930.93

(860.12-998.20)
987.58

(869.86-1037.14)
0.764b

948.63 
(861.89-1014.13)

911.46 
(872.96-1022.98)

0.736a

15 ml 
934.47

(872.52-1008.82)
966.34

(853.04-1040.69)
0.597b

938.02 
(876.06-1028.74)

920.31 
(839.77-1004.40)

0.419b

Nectar

5 ml 
942.44

(838.88-1005.28)
1001.74

(732.67-1001.74)
0.900a

959.26 
(853.04-1008.82)

862.78 
(743.29-999.53)

0.108a

10 ml 
939.78

(847.74-1017.67)
1005.28

(957.49-1053.96)
0.089a

941.55 
(875.62-1026.52)

928.28
(784.45-1017.67)

0.267a

15 ml 
969.88

(877.83-1024.76)
1015.90

(860.12-1051.30)
0.613a

975.19 
(903.49-1038.02)

940.67 
(772.50-1007.05)

0.078a

Honey

5 ml 
934.47

(838.44-1005.88)
982.27

(776.04-1042.46)
0.765b

936.25 
(841.54-1013.25)

913.23 
(839.77-985.81)

0.466b

10 ml 
959.26

(874.29-1026.52)
923.86

(700.81-923.86)
0.249a

982.27 
(876.94-1027.85)

904.38 
(794.63-986.70)

0.062a

15 ml 
929.16

(862.78-1015.02)
987.58

(799.94-1038.92)
0.624a

968.11 
(902.61-1015.90)

895.53 
(824.72-984.04)

0.035b

Pudding

5ml 
930.93

(843.31-1001.74)
1009.71

(949.96-1041.57)
0.117a

948.63 
(842.86-1015.90)

909.69 
(856.58-964.57)

0.184a

10ml 
946.86

(860.12-1012.36)
877.83

(776.04-1053.08)
0.881a

966.34 
(863.67-1019.44)

934.47 
(799.94-994.66)

0.163a

15ml 
931.82

(879.60-1016.79)
906.15

(810.56-1016.79)
0.497b

941.55 
(883.14-1022.98)

927.40 
(822.95-1015.28)

0.079b

Values are presented as medians (interquartile range). 
a Mann-Whitney test.
b Independent samples t-test. 
p value for bivariable comparisons between groups with and without penetration/aspiration and between groups with and without pharyngeal residue. 
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Table 5. Second peak frequency (Hz) of the swallowing sound in groups

Penetration/aspiration
p value

Pharyngeal residue
p value

No Yes No Yes
Liquid

5 ml 
949.52

(859.68-1015.46)
894.64

(811.45-987.14)
0.398a

961.03 
(854.81-1015.02)

936.24 
(838.88-1017.68)

0.709a

10 ml 
959.26

(884.91-1015.90)
934.48

(784.01-966.34)
0.089a

963.68 
(906.59-1015.02)

899.07 
(828.26-1004.84)

0.185a

15 ml 
941.55

(862.78-1007.94)
868.98

(743.29-1049.54)
0.422a

971.65 
(867.20-1022.10)

912.35 
(784.45-998.64)

0.101a

Nectar

5 ml 
937.13

(829.59-996.43)
1037.14

(647.70-1037.14)
0.418a

955.71 
(862.78-1007.94)

861.89 
(753.91-943.32)

0.036a

10 ml 
957.49

(861.89-1021.21)
1008.82

(769.85-1066.36)
0.314a

991.12 
(882.25-1026.08)

896.42 
(806.58-949.52)

0.021a

15 ml 
925.63

(840.65-1008.82)
966.34

(668.94-1040.68)
0.636a

972.54 
(877.83-1024.31)

853.93 
(768.52-917.21)

0.000a

Honey

5 ml 
909.69

(817.64-1000.41)
867.21

(735.33-935.36)
0.352a

930.93 
(845.08-1001.74)

778.70 
(711.43-820.30)

0.000a

10 ml 
969.88

(877.83-1028.29)
891.99

(739.75-891.99)
0.220a

977.85 
(878.27-1033.60)

929.16 
(784.01-977.85)

0.040b

15 ml 
934.47

(845.08-1014.13)
987.58

(881.37-1040.68)
0.384a

934.48 
(853.04-1022.98)

936.24
(821.18-994.66)

0.512a

Pudding

5ml 
941.55

(840.65-1002.63)
943.33

(828.71-1019.44)
0.875a

945.09 
(861.01-1003.07)

913.23 
(748.61-1001.74)

0.268a

10ml 
934.48 

(846.85-1020.33)
753.91

(702.58-934.47)
0.039a

930.93 
(840.65-1015.90)

909.69
(776.93-1044.22)

0.982a

15ml 
941.55

(841.54-1021.21)
962.80

(760.11-1025.64)
0.821a

938.01 
(842.42-1021.22)

945.09
(881.37-980.50)

0.639a

Values are presented as medians (interquartile range). 
a Mann-Whitney test.
b Independent samples t-test. 
p value for bivariable comparisons between groups with and without penetration/aspiration and between groups with and without pharyngeal residue.
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Table 6. Final intensity (DB) of the swallowing sound in groups

Penetration/aspiration
p value

Pharyngeal residue
p value

No Yes No Yes
Liquid

5 ml 
56.40

(45.81-64.96)
57.87

(40.30-64.01)
0.833b

56.68 
(46.06 – 66.32)

56.68
(43.26 – 60.87)

0.243a

10 ml 
56.12

(46.62-64.50)
56.54

(49.27-63.04)
0.954a

60.59 
(49.69 – 65.45)

50.53 
(41.79 – 58.14)

0.017a

15 ml 
56.12

(48.08-64.71)
55.98

(48.85-61.99)
0.946a

58.91 
(48.85 – 66.25)

52.07
(47.84 – 58.84)

0.061b

Nectar

5 ml 
54.79

(45.25-64.61)
52.20

(51.93-52.20)
0.704a

55.70
(47.24 – 65.06)

48.30 
(43.26 – 57.94)

0.031a

10 ml 
55.56

(44.31-64.58)
57.24

(46.62-66.88)
0.836a

58.91 
(47.42 – 65.83)

47.10
(42.63 – 56.19)

0.025a

15 ml 
53.04

(45.22-64.09)
64.22

(44.94-70.93)
0.232a

59.82 
(48.12 – 65.41)

46.20
(41.10 – 57.20)

0.003a

Honey

5 ml 
54.09

(44.73-63.56)
58.78

(53.25-68.07)
0.289a

56.54 
(47.03 – 64.99)

45.22 
(41.93 – 54.02)

0.010a

10 ml 
53.61

(47.46-64.50)
54.44

(52.76-54.44)
0.514b

56.68 
(47.67 – 65.20)

50.39
(44.03 – 58.77)

0.069a

15 ml 
53.32

(47.59-64.43)
62.27

(53.32-65.77)
0.208a

58.35 
(48.57 – 64.50)

51.09 
(48.01 – 57.52)

0.047a

Pudding

5ml 
55.28

(45.64-64.50)
57.31

(45.88-62.97)
1.000a

57.10 
(47.73 – 65.59)

44.94 
(40.61 – 55.35)

0.003a

10ml 
55.14

(47.59-64.43)
54.86

(43.54-60.73)
0.679a

56.68 
(49.41 – 65.62)

51.65 
(42.70 – 59.33)

0.089a

15ml 
56.26 

(45.12-64.57)
52.91

(44.31-57.45)
0.235a

56.82 
(44.80 – 65.34)

53.04
(48.29 – 63.81)

0.430a

Values are presented as medians (interquartile range). 
a Mann-Whitney test.
b Independents samples t-test. 
p value for bivariable comparisons between groups with and without penetration/aspiration and between groups with and without pharyngeal residue.
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Table 7. Time (S) of the swallowing sound in groups

Penetration/aspiration
p value

Pharyngeal residue
p value

No Yes No Yes
Liquid

5 ml 
0.66

(0.48 – 0.84)
0.73

(0.37 – 0.98)
0.829b

0.70 
(0.50 – 0.84)

0.58 
(0.42 – 0.85)

0.365b

10 ml 
0.72

(0.52 – 0.85)
0.50

(0.40 – 0.70)
0.059a

0.72 
(0.53 – 0.85)

0.58 
(0.43 – 0.75)

0.160b

15 ml 
0.68

(0.48 – 0.84)
0.65

(0.56 – 0.79)
0.699b

0.69 
(0.52 – 0.86)

0.64
(0.47 – 0.70)

0.305a

Nectar

5 ml 
0.64

(0.47 – 0.83)
0.47

(0.42 – 0.47)
0.310b

0.68 
(0.47 – 0.84)

0.52 
(0.42 – 0.65)

0.002b

10 ml 
0.68

(0.52 – 0.82)
0.45

(0.37 – 0.81)
0.222b

0.70 
(0.50 – 0.82)

0.61 
(0.51 – 0.69)

0.178b

15 ml 
0.72

(0.56 – 0.81)
0.59

(0.39 – 0.84)
0.396b

0.71 
(0.53 – 0.82)

0.73 
(0.55 – 0.83)

0.803b

Honey

5 ml 
0.70

(0.46 – 0.83)
0.57

(0.37 – 0.72)
0.330a

0.72 
(0.50 – 0.83)

0.48 
(0.29 – 0.73)

0.038a

10 ml 
0.71

(0.59 – 0.85)
0.63

(0.36 – 0.63)
0.339a

0.72 
(0.60 – 0.85)

0.66 
(0.47 – 0.82)

0.549a

15 ml 
0.70

(0.58 – 0.80)
0.59

(0.32 – 0.77)
0.147a

0.73 
(0.60 – 0.81)

0.60 
(0.49 – 0.71)

0.051b

Pudding

5ml 
0.65

(0.53 – 0.79)
0.48

(0.39 – 0.77)
0.291b

0.63 
(0.51 – 0.79)

0.73 
(0.50 – 0.87)

0.431b

10ml 
0.69

(0.50 – 0.83)
0.50

(0.38 – 0.82)
0.338b

0.71 
(0.50 – 0.84)

0.64
(0.41 – 0.73)

0.258b

15ml 
0.67 

(0.52 – 0.79)
0.58

(0.39 – 0.73)
0.313a

0.66 
(0.48 – 0.79)

0.70 
(0.50 – 0.77)

0.832a

Values are presented as medians (interquartile range). 
a Mann-Whitney test. 
b Independent samples t-test. 
p value for bivariable comparisons between groups with and without penetration/aspiration and between groups with and without pharyngeal residue.



Rev. CEFAC. 2020;22(4):e0420 | DOI: 10.1590/1982-0216/20202240420

12/15 | Brendim MP, Borges TGV, Muniz CR, Ferreira FR, Muxfeldt ES

DISCUSSION
Several researches evaluated the acoustic signal 

of swallowing through swallowing sounds pickup with 
Doppler sonar and the registry and analysis of acoustic 
signal with Voxmetria software11-14,23,24. However, 
this is the first study that proposed to investigate the 
relationship between the resource and the main deglu-
tition disorders (penetration/aspiration and pharyngeal 
residue) detected by FEES, considered one of the gold 
standard methods10 and that presents a greater sensi-
tivity to identify such alterations29. Besides that, this is 
also the first study that investigated the acoustic signal 
of swallowing in individuals with OSA.

In line with the literature, our results show that 
frequency of pharyngeal residue is higher than 
frequency of penetration/aspiration in individuals with 
OSA4,5. In relation to demographic characteristics, the 
groups are similar. There was no difference in frequency 
of penetration/aspiration between the different degrees 
of OSA, however individuals with OSA, mainly moderate 
and severe, exhibited a higher frequency of pharyngeal 
residue, although without a statistically significant 
difference. Other researchers did not find differences 
in the degree of penetration/aspiration and pharyngeal 
residue between individuals with moderate and severe 
OSA4. Similarly, another research did not find differ-
ences in AHI, body mass index, neck circumference, 
gender and smoking between groups with and without 
dysphagia8. However, while a previous study revealed 
an age difference between individuals with OSA with 
and without dysphagia,4 this research also exhibited 
an age difference between individuals that present 
penetration/aspiration. Although individuals over 65 
years of age were excluded of this study due to the 
possibility of presbyphagia, the average age of partici-
pants remained high what might have contributed for 
this result. The aging process may cause changes in 
the physiology of swallowing, including decrease of 
the strength of suprahyoid muscles, which impairs 
the closure of the laryngeal vestibule and the UES 
opening30, thus increasing the risk of laryngeal 
penetration. Regarding the use of CPAP, we did not 
find any study comparing this condition between 
groups with and without dysphagia. According to 
the literature, the increase of OSA severity may be 
associated with the worsening of the sensory neural 
function of the upper airways31. Considering that CPAP 
is indicated to patients with moderate to severe OSA 
and with symptoms, it can be assumed the hypothesis 
of these individuals presenting more important sensory 

changes, thus, justifying why this study found a higher 
frequency of penetration/aspiration in individuals using 
CPAP. One study, however, found that OSA treatment 
with CPAP was able to reverse the endoscopic findings 
of swallowing dysfunction such as premature escape 
and pharyngeal residue8.

This study revealed that FI and II measurements 
are lower in individuals that exhibit pharyngeal residue 
compared with those that do not exhibit pharyngeal 
residue. On the other hand, FI and II did not statistically 
differ between individuals with and without penetration/
aspiration. These two measurements of the beginning 
of the acoustic signal of swallowing are associated with 
the beginning of the pharyngeal phase of swallowing32. 
Thus, these findings may be justified by reduction in 
oral ejection force32 of these individuals, which results 
in pharyngeal residue33. 

According to the literature, F1P is associated 
with laryngeal elevation while F2P is associated with 
UES opening11,32,34. Our results show, in nectar and 
honey consistencies, a lower F2P in individuals that 
exhibit pharyngeal residue compared with those that 
do not exhibit pharyngeal residue, however there 
was no difference in relation to F1P, nor in relation to 
penetration/aspiration. Such result may indicate that 
swallowing dysfunction in this population is possibly 
not associated with the amplitude of laryngeal 
elevation, but with oral ejection and, in some consis-
tencies, with UES opening too. Other researchers 
agree with the perspective that the amplitude of hyoid 
laryngeal excursion is not altered in the swallowing of 
individuals with OSA. Ellis et al. did not find differences 
in laryngeal elevation nor in hyoid bone excursion 
between individuals with OSA and those in control 
group35. Besides the vertical and horizontal excursion 
of hyoid laryngeal complex, the other components 
that contribute to UES opening are: UES relaxation, 
UES distensibility and the pressure imparted from 
within to the UES wall30. Alterations in any of these 
components may result in pharyngeal residue30. Thus, 
another aspect that may be involved in the exhibition 
of pharyngeal residue in this population is related 
with the pharynx function. Some authors highlight the 
importance of intrabolus pressure transmitted from 
the base of the tongue and pharynx in UES opening36. 
Considering the muscle alterations in the pharynx of 
individuals with OSA,37 this action may be damaged in 
these individuals. Besides that, a possible interference 
mechanism in UES opening in this population may be 
also related with consequences of gastroesophageal 
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reflux disease (GERD). This is due to OSA association 
with a higher risk of GERD38 and some researchers 
presume that the  chronic exposure to acid in the 
esophageal body probably causes hypertonicity of the 
UES39.

Researchers related IF with laryngeal descent in the 
end of swallowing34. Our results show that IF is lower 
in individuals that exhibit pharyngeal residue compared 
with those that do not exhibit residue, what suggests a 
weaker force in larynx return movement in individuals 
that present pharyngeal residue. In line, another study 
found a lower IF average in the group with oropha-
ryngeal dysphagia compared with control group23. 

Abdulmassih et al.23 reveal that individuals with 
oropharyngeal dysphagia present a lower T compared 
with control group. Our study found similar results: 
in some bolus there was statistically significant differ-
ences in T value, being lower in individuals that 
exhibit pharyngeal residue compared with those that 
do not exhibit such alteration. Thus, individuals that 
present pharyngeal residue exhibit a shorter time 
range between the beginning of the pharyngeal phase 
and larynx return to the end of the pharyngeal phase 
of swallowing. A possible explanation is that the time 
reduction of the pharyngeal phase reduces the time of 
one or more events of this phase (UES opening time, 
for example) what may result in pharyngeal residue. 
Strengthening this hypothesis, a study revealed that the 
support time of hyoid bone excursion, considered an 
important mechanism to maintain UES opening, was 
significantly shorter in individuals with OSA compared 
with control group7. In addition, considering the GERD 
risk in this population38, researchers point out that 
the duration of cricopharyngeal muscle relaxation 
during swallowing, an important mechanism for UES 
opening30, is shorter in individuals with mild GERD 
compared with individuals without GERD40.

Independently of bolus volume and consistency, our 
results show that frequency of penetration/aspiration 
was lower in this population, what represents a study 
limitation to evaluate a relation between acoustic 
analysis of swallowing and penetration/aspiration. 
FEES presents some limitations, such as impossibility 
of assessing the oral phase and loss of events during 
white-out. According to some researchers, FEES 
allows a partial assessment of the oral phase29 due to 
observation of the tongue posterior third29, tongue base 
movement33 and ability to keep the bolus contained 
in the oral cavity during the oral phase26,29. Regarding 
the difficulty of assessing penetration/aspiration during 

deglutition, we followed the recommendations in liter-
ature to minimize it using food coloring to ease bolus 
visualization33; the evaluation of the exam frame by 
frame, since the events in the pharyngeal phase are 
very fast29; in addition to the protocol suggested by Hiss 
and Postma in which, after deglutition, the endoscope 
must be placed in the larynx to observe traces not 
seen before white-out but when white-out is released 
characterizing penetration/aspiration during deglu-
tition26. We understand that episodes of penetration/
aspiration which may have occurred during white-out 
without resulting in traces in the larynx or trachea were 
not detected, therefore being another limitation of the 
study. Another study shortcoming is related to the 
sample size that makes it impossible to generalize the 
results.

Finally, the importance of identifying physiological 
abnormalities that result in unsafe swallowing, such 
as aspiration and pharyngeal residue, is highlighted in 
the evaluation of dysphagia41. Therefore, we suggest 
the development of studies that investigate the corre-
lation of synchronous swallowing acoustic tracing with 
physiological and pathophysiological events of the 
pharyngeal phase of swallowing in the population of 
individuals with OSA. This would make it possible to 
elucidate, through a low-cost instrument, swallowing 
disorders, the moment when they occur and physi-
ological causes of these disorders. 

CONCLUSION

The results of this study indicate a relationship 
between acoustic analysis of swallowing, using a 
Doppler sonar, and the pharyngeal residue detected by 
FEES in resistant hypertensive patients with OSA. The 
acoustic parameters that differ between individuals that 
present pharyngeal residue and those who do not, are 
FI, II, F2P and IF. However, there is not a relationship 
between parameters of acoustic analysis of swallowing 
considered in this study and the penetration/aspiration 
detected by FEES in this population. 

REFERENCES

1. Carey RM, Calhoun DA, Bakris GL, Brook RD, 
Daugherty SL, Dennison-Himmelfarb CR et al. 
Resistant hypertension: detection, evaluation, 
and management: a scientific statement from 
the American Heart Association. Hypertension. 
2018;72(5):e53-90.



Rev. CEFAC. 2020;22(4):e0420 | DOI: 10.1590/1982-0216/20202240420

14/15 | Brendim MP, Borges TGV, Muniz CR, Ferreira FR, Muxfeldt ES

2. Carnethon MR, Johnson DA. Sleep and resistant 
hypertension. Curr Hypertens Rep. 2019;21(5):34.

3. Mannarino MR, Di Filippo F, Pirro M. Obstructive 
sleep apnea syndrome. Eur J Intern Med. 
2012;23(7):586-93.

4. Schindler A, Mozzanica F, Sonzini G, Plebani D, 
Urbani E, Pecis M et al. Oropharyngeal dysphagia 
in patients with obstructive sleep apnea syndrome. 
Dysphagia. 2014;29(1):44-51.

5. Oliveira LA, Fontes LH, Cahali MB. Swallowing 
and pharyngo-esophageal manometry in 
obstructive sleep apnea. Braz. j. otorhinolaryngol. 
2015;81(3):294-300.

6. Corradi AMB, Valarelli LP, Grechi TH, Eckeli AL, 
Aragon DC, Küpper DS et al. Swallowing evaluation 
after surgery for obstructive sleep apnea syndrome: 
uvulopalatopharyngoplasty vs. expansion 
pharyngoplasty. Eur Arch Otorhinolaryngol. 
2018;275(4):1023-30.

7. Valarelli LP, Corradi AMB, Grechi TH, Eckeli AL, 
Aragon DC, Küpper DS et al. Cephalometric, 
muscular and swallowing changes in patients with 
OSAS. J Oral Rehabil. 2018;45(9):692-701.

8. Caparroz FA, Campanholo MAT, Sguillar DA, 
Haddad L, Park SW, Bittencourt L et al. A pilot 
study on the efficacy of continuous positive airway 
pressure on the manifestations of dysphagia in 
patients with obstructive sleep apnea. Dysphagia. 
2019;34(3):333-40.

9. Valbuza JS, de Oliveira MM, Zancanella E, Conti 
CF, Prado LB, Carvalho LB  et al. Swallowing 
dysfunction related to obstructive sleep apnea: 
a nasal fibroscopy pilot study. Sleep Breath. 
2011;15(2):209-13.

10. Brady S, Donzelli J. The modified barium swallow 
and the functional endoscopic evaluation 
of swallowing. Otolaryngol Clin North Am. 
2013;46(6):1009-22.

11. Santos R, Macedo Filho E. Sonar doppler as 
an instrument of deglutition evaluation. Int Arch 
Otorhinolaryngol. 2006;10(3):182-91.

12. Cagliari CF, Jurkiewicz AL, Santos RS, Marques 
JM. Doppler sonar analysis of swallowing 
sounds in normal pediatric individuals. Braz. j. 
otorhinolaryngol. 2009;75(5):706-15.

13. Soria FS, Silva RG, Furkim AM. Acoustic analysis 
of oropharyngeal swallowing using sonar doppler. 
Braz. j. otorhinolaryngol. 2016;82(1):39-46.

14. Lagos HN, Santos RS, Abdulmassih EM, Gallinea 
LF, Langone M. Characterization of swallowing 

sounds with the use of sonar doppler in full-term 
and preterm newborns. Int Arch Otorhinolaryngol. 
2013;17(4):383-6.

15. Jerez RM. Evaluación funcional de la etapa faríngea 
de la deglutición utilizando sonar doppler. Revisión 
crítica de la literatura. Rev. logop. foniatr. audiol. 
2017;37(1):38-42.

16. Patatas OHG, Gonçalves MIR, Chiari BM, Gielow I. 
Duration parameters of swallowing acoustic signals 
in subjects without complaints. Rev. Soc. Bras. 
Fonoaudiol. 2011;16(3):282-90.

17. Spadotto AA, Gatto AR, Cola PC, Silva RG, Schelp 
AO, Domenis DR et al. Components of the acoustic 
swallowing signal: preliminary study. J Soc Bras 
Fonoaudiol. 2012;24(3):218-22.

18. Hammoudi K, Boiron M, Hernandez N, Bobillier 
C, Morinière S. Acoustic study of pharyngeal 
swallowing as a function of the volume 
and consistency of the bolus. Dysphagia. 
2014;29(4):468-74.

19. Honda T, Baba T, Fujimoto K, Goto T, Nagao K, 
Harada M et al. Characterization of swallowing 
sound: preliminary investigation of normal subjects. 
PLoS One. 2016;11(12):e0168187.

20. Youmans SR, Stierwalt JA. Normal swallowing 
acoustics across age, gender, bolus viscosity, and 
bolus volume. Dysphagia. 2011;26(4):374-84.

21. Lee J, Steele CM, Chau T. Classification of healthy 
and abnormal swallows based on accelerometry 
and nasal airflow signals. Artif Intell Med. 
2011;52(1):17-25.

22. Jestrović I, Dudik JM, Luan B, Coyle JL, Sejdić 
E. The effects of increased fluid viscosity on 
swallowing sounds in healthy adults. Biomed Eng 
Online. 2013;12:90.

23. Abdulmassih EM, Teive HA, Santos RS. The 
evaluation of swallowing in patients with 
spinocerebellar ataxia and oropharyngeal 
dysphagia: a comparison study of videofluoroscopic 
and sonar doppler. Int Arch Otorhinolaryngol. 
2013;17(1):66-73.

24. Madalozzo B, Aoki MCS, Soria F, Sampaio RS, 
Furkim AM. Acoustic analysis of swallowing 
time through doppler sonar. Rev. CEFAC. 
2017;19(3):350-9.

25. Taveira KVM, Santos RS, Leão BLC, Stechman Neto 
J, Pernambuco L, Silva LK et al. Diagnostic validity 
of methods for assessment of swallowing sounds: 
a systematic review. Braz. j. otorhinolaryngol. 
2018;84(5):638-52.



DOI: 10.1590/1982-0216/20202240420 | Rev. CEFAC. 2020;22(4):e0420

Acoustic analysis of swallowing and sleep apnea | 15/15

26. Hiss SG, Postma GN. Fiberoptic endoscopic 
evaluation of swallowing. Laryngoscope. 
2003;113(8):1386-93.

27. Neubauer PD, Rademaker AW, Leder SB. The 
Yale Pharyngeal Residue Severity Rating Scale: 
an anatomically defined and image-based tool. 
Dysphagia. 2015;30(5):521-8.

28. Rosenbek JC, Robbins JA, Roecker EB, Coyle 
JL, Wood JL. A penetration-aspiration scale. 
Dysphagia. 1996;11(2):93-8.

29. Giraldo-Cadavid LF, Leal-Leaño LR, Leon-Basantes 
GA, Bastidas AR, Garcia R, Ovalle S et al. Accuracy 
of endoscopic and videofluoroscopic evaluations 
of swallowing for oropharyngeal dysphagia. 
Laryngoscope. 2017;127(9):2002-10.

30. Wirth R, Dziewas R, Beck AM, Clavé P, Hamdy 
S, Heppner HJ et al. Oropharyngeal dysphagia 
in older persons - from pathophysiology to 
adequate intervention: a review and summary of 
an international expert meeting. Clin Interv Aging. 
2016;11:189-208.

31. Patel JA, Ray BJ, Fernandez-Salvador C, Gouveia 
C, Zaghi S, Camacho M. Neuromuscular function of 
the soft palate and uvula in snoring and obstructive 
sleep apnea: a systematic review. Am J Otolaryngol. 
2018;39(3):327-37.   

32. Hamlet SL, Nelson RJ, Patterson RL. Interpreting 
the sounds of swallowing: fluid flow through 
the cricopharyngeus. Ann Otol Rhinol Laryngol. 
1990;99(9 Pt 1):749-52.

33. Langmore SE. History of fiberoptic endoscopic 
evaluation of swallowing for evaluation and 
management of pharyngeal dysphagia: changes 
over the years. Dysphagia. 2017;32(1):27-38.

34. Hamlet SL, Patterson RL, Fleming SM, Jones LA. 
Sounds of swallowing following total laryngectomy. 
Dysphagia. 1992;7(3):160-5.

35. Ellis M, Pate M, Dorris H, Pearson Jr W, Brown J. 
Computational analysis of swallowing mechanics 
after surgery for obstructive sleep apnea. Ear Nose 
Throat J. 2018;97(4-5):122-7.

36. Cock C, Jones CA, Hammer MJ, Omari TI, 
McCulloch TM. Modulation of Upper Esophageal 
Sphincter (UES) relaxation and opening during 
volume swallowing. Dysphagia. 2017;32(2):216-24.

37. Shah F, Franklin KA, Holmlund T, Jäghagen 
EL, Berggren D, Forsgren S et al. Desmin and 
dystrophin abnormalities in upper airway muscles 
of snorers and patients with sleep apnea. Respir 
Res. 2019;20(1):31.

38. Wu ZH, Yang XP, Niu X, Xiao XY, Chen X. The 
relationship between obstructive sleep apnea 
hypopnea syndrome and gastroesophageal 
reflux disease: a meta-analysis. Sleep Breath. 
2019;23(2):389-97.

39. Bognár L, Vereczkei A, Papp A, Jancsó G, 
Horváth Ö. Gastroesophageal reflux disease might 
induce certain-supposedly adaptive-changes 
in the esophagus: a hypothesis. Dig Dis Sci. 
2018;63(10):2529-35.

40. Alkan Z, Demir A, Yigit O, Adatepe T, Kesici B, Kocak 
I et al. Cricopharyngeal muscle electromyography 
findings in patients with gastroesophageal 
reflux disease. Otolaryngol Head Neck Surg. 
2012;147(2):295-301.

41. Vose A, Humbert I. “Hidden in Plain Sight”: a 
descriptive review of laryngeal vestibule closure. 
Dysphagia. 2019;34(3):281-9.


