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Establishment of unified swallowing function evaluation, usefulness of tongue
pressure, and elucidation of brain localization of dysphagia

Hosomi, Naohisa
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We aimed to assess stroke lesions, which play a key role in determining
swallowing dysfunction, and findings of videofluoroscopy (VF), which provides the most accurate
instrumental assessment for evaluating swallowing function, in patients with acute stroke. We
enrolled 342 patients with first-time acute stroke (age 70.4 + 12.6 years, 142 female). All
patients underwent cranial magnetic resonance imaging to identify the location of stroke lesion, VF,

and tongue pressure measurement. Aspiration was detected in 45 (13.2%) patients. Multivariate
analysis identified parietal lobe lesion and the National Institutes of Health Stroke Scale (NIHSS)
score as independent significant factors for aspiration. Parietal lobe lesions are associated with
aspiration and basal ganglia lesions with swallowing reflex delay.
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Tablel Patient characteristics

n=342
Age, years 704+ 126
Sex (female), n (%) 142 (41.5)
Body mass index, kg/m? 23.8+39
History
Hypertension, n (%) 293 (85.7)
Diabetes mellitus, n (%) 87 (25.4)
Dyslipidemia, n (%) 168 (49.1)
Atrial f brillation, n (%) 29 (8.5)
Current smoker, n (%) 105 (30.7)
Habitual drinker, n (%) 142 (41.5)
Stroke subtypes
Large-artery atherosclerosis, n (%) 50 (14.6)
Cardioembolism, n (%) 32(9.4)
Small-vessel occlusion, n (%) 64 (18.7)
Others, n (%) 118 (34.5)
Intracranial hemorrhage, n (%) 78 (22.8)
Stroke lesion
Side of lesion (Left), n (%) 173 (50.6)
Frontal lobe, n (%) 80 (23.4)
Temporal lobe, n (%) 40 (11.7)
Parietal lobe, n (%) 21(6.1)
Occipital lobe, n (%) 27(7.9)
Insular cortex, n (%) 15 (4.4)
Coronaradiata, n (%) 87 (25.4)
Basal ganglia, n (%) 83 (24.3)
Capsulee internae, n (%) 22 (6.4)
Thaamus, n (%) 50 (14.6)
Brain stem, n (%) 51 (14.9)
Cerebellum, n (%) 24 (7.0)
NIHSS score 3(0,21)
Tongue pressure, kPa 28.7+13.1
VF f ndings
Aspiration, n (%) 45 (13.2)
Laryngeal penetration, n (%) 72 (21.1)
Oral cavity residue, n (%) 132 (38.6)
Vallecular residue, n (%) 74 (21.6)
Pharyngeal residue, n (%) 54 (15.8)
Swallowing ref ex delay, n (%) 58 (17.0)

Data are expressed as mean+ standard deviation or median (mini-
mum, maximum) for continuous variables, and frequencies and per-

centages for discrete variables

NIHSS National Ingtitutes of Health Stroke Scale, VF videof uoros-

copy

Table2 Factorsinf uencing aspiration

Aspiration a
n=45 n=297 pvale pvalue
*) ()
Age, years 720+ 128 701+ 126 0356
Sex (female), n (%) 18 (40.0) 124 (418) 0824
Body massindex, kg/m? 27+32 239440 0057
History
Hypertension, n (%) 39(86.7) 254 (855) 0838
Diabetes mellitus, n (%) 15(333) 72(242) 0192
Dyslipidemia, n (%) 24(533) 144 (485) 0544
Atrial f brillation, n (%) 2(4.4) 27(9.1) 0297
Current smoker, n (%) 11 (24.4) % (3L7) 0320
Habitual drinker, n (%) 17 (378) 125 (42.2) 0585
Stroke Subtypes
Large-artery atherosclerosis, n (%) 7(155) 43(145) 0178
Cardioembolism, n (%) 489 28(9.4)
Small-vessel occlusion, n (%) 3(67) 61(205)
Others, n (%) 21(46.7) 97(327)
Intracranial hemorthage, n (%) 10(222) 68(229)
Stroke Lesion
Side of lesion (Left), n (%) 24(533) 149 (50.2) 0602
Frontal lobe, n (%) 16(35.6) 64(21.6) 0039+ 066-3.17 035
Temporal lobe, n (%) 8(17.8) 32(108) 0173
Parietal lobe, n (%) 10(222) 11(37) <0001* 2251784 < 0.001*
Occipital lobe, n (%) 3(67) 24(81) 0743
Insular cortex, n (%) 4(89) 11(37) 0114
Coronaradiata, n (%) 13(289) 74(24.9) 0569
Basal ganglia, n (%) 13(289) 70(236) 0438
Capsulaeinternae, n (%) 0(0) 2(1.4) 0059
Thalamus, n (%) 4(89) 46 (155) 0243
Brainstem, n (%) 489 47(158) 022
Cerebellum, n (%) 489 20(6.7) 0598
NIHSS score 5(0,21) 3(0,20) <0.001* 1.03-1.20 0.004*
Tongue pressure, kPa 240+ 148 295+ 126 0.009* 096-1.03 0797

Data are expressed as mean: standard deviation or median (minimurm, maximum) for continuous variables, and frequencies and percentages for

discretevariables
NIHSS National Institutes of Health Stroke Scale
*Means p<0.05
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Table3 Factorsinf uencing oral
cavity residue

Oral cavity residue Univariate andlysis  Multivariate
andlysis

n=132 n=210 pvaue Oddsratio 95%Cl pvaue
(+) (-)
Age, years 718+123 695:128 0107
Sex (female), n (%) 58(439) 84(400) 0472
Body massindex, kg/m? 232+37 241:41 0059
History
Hypertension, n (%) 111(841) 182(867) 0508
Dizbetes mellitus, n (%) 30(227) 57(271) 0361
Dyslipidemia, n (%) 50(447) 109(5L9) 0194
Atrial f brillation, n (%) 183 18(86) 0939
Current smoker, n (%) 33(250) 72(343) 0070
Habitual drinker, n (%) 49(371) 93(443) 091
Stroke Subtypes
Lage artery atherosclerosis, n (%) 22(167)  28(133) 0202
Cardioembolism, n (%) 1398 19001
Small-vessel ocdlusion, n (%) 31(235) 33(157)
Others, n (%) 37(280) 81(386)
Intracranial hemorthage, n (%)~ 29(220)  49(23.3)
Stroke Lesion
Side of lesion (Left), n (%) 69(523) 104(495) 0621
Frontal lobe, n (%) 34(258) 46(2L9) 0413
Temporal lobe, n (%) 17(129) 23(110) 0589
Parietal lobe, n (%) 7(53)  14(67) 0609
Occipital lobe, n (%) 10076  17(81) 0862
Insular cortex, n (%) 538 1048 0,669
Coronaradiata, n (%) 40(03) 47(224) 0102
Basd ganglia, n (% 34(258) 49(83 0611
Capsulze internae, n (%) 8(61)  14(67) 0824
Thalamus, n (%) 21(159 29(138) 0593
Brain stem, n (%) 16(121) 35(167) 0251
Cerebellum, n (%) 968  15(71) 0909
NIHSS score 40,21) 20020 0001 102 0.97-1.08 0.440
Tongue pressure, kPa 250£130 3112126 <0001* 097 095-0.99 0.005*

Teble4 Factorsinf uencing
pharyngeal residue

Data are expressed as mean+ Sandard deviation or median (minimum, maximum) for continuous varia-

bles and
NIHSS National Ingtitutes of Health Stroke Scale
*Means p<0.05
Oral cavity residue Univariate analysis ~ Multivariate
andlysis
n=132 =210 pvdue Oddsratio 95%Cl  pvalue
(+) (-)
Age, years 737+129 697124 0036 102 0.99-1.04 0176
Sex (female), n (%) 30(556) 169(589)  0.649
Body massindex, kg/m? 228+37 239:40 0051
History
Hypertension, n (%) 42(778) 250(871) 0073
Diabetes mellitus, n (%) 13(241) 74(258 0791
Dyslipidemia, n (%) 24(444) 143(408) 0468
Atrial f brillation, n (%) 7(130)  21(73) 0.166
Current smoker, n (%) 11(204) 93(324) 0078
Habitua drinker, n (%) 17(315) 124(432) 0.109
Stroke subtypes
Large-artery atherosclerosis, n (%) 9(16.7)  41(14.3) 0.308
Cardioembolism, n (%) 8(148  23(80)
‘Small-vessel occlusion, n (%) 10(185) 54(188)
Others, n (%) 13(241)  105(366)
Intracranial hemorthage,n (%) 14(259)  64(223)
Strokelesion
Sideof lesion (Left), n (%) 28(5L9) 144(502) 0821
Frontal lobe, n (%) 18(333) 61(2L3) 0054
Temporal lobe, n (%) 100185 30(105 0091
Parietal lobe, n (%) 6(11)  15(52) 0099
Occipital lobe, n (%) 474 23(80) 0880
Insular cortex, n (%) 593 1035 0058
Coronaradiata, n (%) 9(167)  78(27.2) 0.104
Basdl ganglia, n (%) 14(259) 69 (24.0) 0.767
Capsulae internae, n (%) 3(56)  19(66) 0770
Thalamus, n (%) 9(167)  41(143) 0650
Brain stem, n (%) 6(1L1) 45(157) 0388
Cereballum, n (%) 356 21(73 0643
NIHSS score 40,21) 30,20 0005 101 0.94-1.08 0815

Tongue pressure, kPa. 224+132 300+126 <0.001* 0.96 0.93-0.99 0.013*

Data are expressed as mean: Sandard deviation or median (minimum, maximum) for continuous varia-
bles, and frequencies and percentages for discrete variables

NIHSSNational Institutes of Health Stroke Scale

“Meansp< 0.05

Teble5 Factorsinf uencing swallowing ref ex delay

Swallowing ref ex delay Univariate andlyss  Multivariate andlysis

n=58 n=284
*) ) pvalue Oddsraio  95%Cl pvalue

Age, years 711£113 702129 0624
Sex (female), n (%) 22(37.9) 120 (423) 0543
Body massindex, kg/m? 228+37 240+ 40 0.036* 094 086-101 0105
History

Hypertension, n (%) 49(845) 244.859) 0777

Diabetes mellitus, n (%) 17(29.3) 70(24.7) 0.458

Dyslipidemia, n (%) 29(50.0) 139(489) 0883

Atrial  brillation, n (%) 2(35) 27(95) 0131

Current smoker, n (%) 14/(24.2) 91(320) 0234

Habitual drinker, n (%) 17(20.3) 125 (44.0) 0.038* 051 026099 0047
Stroke subtypes 0093

Lageatery atherosclerosis,n (%) 13(22.4) 37(130)

Cardioembolism, n (%) 2(35) 30(106)

‘Small-vessel ocdlusion, n (%) 8(138) 56(19.7)

Others, n (%) 18(31.0) 100(35.2)

Intracranial hemorrhage, n (%) 17(29.3) 61(215)
Strokelesion

Side of lesion (Left), n (%) 30(5L.7) 143 (50.4) 0849

Frontal lobe, n (%) 13(22.4) 67 (236) 0.847

Temporal lobe, n (%) 10(17.2) 30(106) 0.149

Parietal lobe, n (%) 5(86) 16 (5.6) 0388

Occipital lobe, n (%) 4(69) 2(81) 0757

Insular cortex, n (%) 3(52) 12(42) 0.748

Coronaradiata, n (%) 18(310) 69(243) 0283

Basd ganglia, n (%) 22(37.9) 61(215) 0.008* 191 100-367 0041

Capsulae internae, n (%) 2(35) 20(7.0) 0.309

Thalamus, n (%) 7(12.1) 43(15.1) 0546

Brain stem, n (%) 5(86) 46 (16.2) 0.140

Cerebellum, n (%) 3(52) 21(7.4) 0546

NIHSS score 7(0.21) 3(0,20) <0.001* 112 105120 <0001+

Tongue pressure, kPa. 218+153  302:121 <0001 099 096-102 0473

Data are expressed as mean: standard deviation or median (minimum, maximum) for

discrete variables

ari ables, and

NIHSSNational Institutes of Health Stroke Scale

*Means p< 0.05
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