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Background and purpose: Early recognition and management of post-stroke dysphagia (PSD) based on MRI may reduce the incidence of complications. Combining clinical symptoms with applications of MRI, we aimed to identify the risk factors of PSD, develop a prediction scale with high accuracy and map key dysphagia brain areas.

Methods: A total of 275 acute ischemic stroke patients were enrolled in this study, and 113 (41.1%) patients were diagnosed with PSD. All patients underwent the water-swallowing test (WST) and volume-viscosity swallow test (V-VST) within first 24 h following admission to assess swallowing. Vascular factors were evaluated and MRI brain scans were obtained within 3 days after symptom onset for each participant admitted to the hospital. T-test, chi-squared test and Fisher’s exact test were used to investigate the associations of various patient characteristics with dysphagia, and multivariable logistic regression models were used to construct a prediction scale. Scale accuracy was assessed using receiver operating characteristic (ROC) analysis. We extracted white matter hyperintensities for each patient as potential brain lesions. Voxel-based lesion-symptom mapping (VLSM) was used to identify key brain areas for dysphagia.

Results: Risk factors related with PSD were older age, history of atrial fibrillation, higher fasting blood glucose, NIH stroke scale, TOAST classification, progressive stroke, middle cerebral artery lesion and anterior cerebral artery lesion. Three variables with most significant associations, including NIH stroke scale, TOAST classification and progressive stroke, combined with age and gender, were used to construct a dysphagia prediction scale with high accuracy (AUC = 0.86). VLSM identified left inferior parietal gyrus as a key brain region for PSD.

Conclusion: Risk factors of PSD were identified and a predictive model of dysphagia was constructed intelligently and automatically. The left inferior parietal gyrus was identified as a key brain area for dysphagia, which provides a new symptom-based treatment target for early rehabilitation in the future.
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INTRODUCTION

Non-invasive magnetic resonance imaging (MRI) provides high sensitivity and specificity for ischemic stroke. The latest developments of various MRI imaging techniques provide a comprehensive understanding of brain function. It was widely recognized that MRI play critical role in the diagnosis of stroke, particularly in the hyperacute stage. The applications of MRI make sense to identify AIS patients rapidly and facilitate clinical decision making to convert severe stroke to minor stroke.

Swallowing is a complex and bilateral neuromuscular mechanism that requires multiple brain regions to control the involved muscles and structures (Leopold and Daniels, 2010). Post-stroke dysphagia (PSD) is a common and disabling condition that occurs in up to 70% of patients, and it is associated with pneumonia, malnutrition, prolonged hospital stay, increased mortality and poor long-term outcome. Mild and moderate dysphagia often resolve within the first week, but almost one-third of patients develop post-stroke pneumonia that requires treatment (Hinchey et al., 2005).

Therefore, early recognition and management may reduce the incidence of complications, but these goals remain challenging in clinical practice. PSD remains a neglected area of research despite its high impact on prognosis. Several studies identified the prevalence of PSD and risk factors to predict dysphagia. Elderly patients with stroke have a greater chance to present swallowing dysfunction because of a reduced cough reflex, alterations in swallowing, and breathing coordination (Marik and Kaplan, 2003). The National Institute of Health Stroke Scale (NIHSS) score may be used as an adjunct to predict PSD with moderate sensitivity and specificity (Labeit et al., 2018).

Previous research showed associations between distinct lesion locations and PSD. The brain stem (especially the medulla and pons) is the central control of swallowing, but cortical and subcortical regions play integral roles in mediating swallowing (Wilmskoetter et al., 2019). An independent correlation between leukoaraiosis severity and PSD was previously reported, which emphasizes the important role of subcortical white matter in swallowing. Disruption of cortical–subcortical white matter connections resulted in dysphagia by lowering the threshold of the input to the swallowing center (Toscano et al., 2015). Previous reports stated that brain lesions in the right hemisphere caused pharyngeal dysphagia, and lesions in the left hemisphere caused dysfunction during the oral phase of swallowing (Ickenstein et al., 2005). However, there are no definite conclusions about whether one hemisphere is more involved than the brain stem and whether one hemisphere was dominant.

All of these findings are inconsistent due to the comparatively small sample sizes, different dysphagia screening methods, various inclusion criteria and inaccurate classification of brain regions. Most previous research lacked comprehensive clinical and imaging studies. Therefore, it is urgent to find a clear picture of PSD with risk factors and clinical outcomes to improve stroke healthcare settings. The present study took advantage of comprehensive clinical data from early clinical swallowing examinations and voxel-based image analysis approaches. The aims of this study were (1) to establish risk factors and construct a predictive model of dysphagia and (2) map lesion-symptoms for PSD to predict PSD in AIS and help healthcare settings.



MATERIALS AND METHODS


Study Design and Participants

Study participants were from acute ischemic stroke (AIS) patients admitted to our stroke unit between October 2017 and May 2018. Inclusion criteria were based on the diagnosis of AIS as confirmed on diffusion-weighted MRI (DWI). Patients with the following conditions were excluded from the study: (1) preexisting dysphagia; (2) concomitant intracerebral hemorrhage; (3) brain tumors; (4) severe hepatic and renal dysfunction; (5) end-stage severe disease; and (6) concomitant diseases likely to cause dysphagia, including dementia. All subjects were divided into two groups according to the following swallowing assessment: (1) patients with PSD; and (2) patients without PSD.

PSD was assessed using the water-swallowing test (WST) and volume-viscosity swallow test (V-VST). WST was performed using 30 ml of water while sitting at a 90° angle (Osawa et al., 2013). V-VST is a clinical assessment that uses boluses of different volumes (5, 10, and 20 ml) and viscosities (thin liquid, nectar-like, and spoon thick) in combination with a pulse-oximeter to evaluate the efficacy and safety of swallowing with minimum risk for the patient. Signs and symptoms of impaired efficacy of swallowing included oral residue, efficiency of labial seal, fractional swallow and pharyngeal residue. Signs of impaired safety of swallowing included changes in voice quality (including wet voice), coughing and decreased oxygen saturation (SpO2) ≥ 3% from basal level (Rofes et al., 2018). Validation studies showed excellent psychometric properties for V-VST (sensitivity 0.94 and specificity 0.88) in detecting PSD (Vilardell et al., 2017). V-VST was performed within 24 h after admission before oral feeding, with the exception of patients with low levels of consciousness. Patients who presented with any signs of impaired efficacy and/or safe swallowing were considered as having PSD. A trained neurologist who was blinded to the patient’s clinical results examined all patients.

The ethics committee of our hospital approved the study protocol (No. 2021041). Informed consent was obtained from all patients or legal guardians if the patient’s communication and/or understanding were impaired.



Imaging Procedures

All patients were scanned in a 3T MR scanner (MAGNETOM Skyra; Siemens Healthineers, Erlangen, Germany). A 20-channel brain array coil was used for signal reception. The images obtained included transverse T1-weighted turbo spin-echo (TSE) images [repetition time (ms)/echo time (ms), 700/14; section thickness, 3 mm; intersection gap, 0.5 mm; field of view, 25 cm; matrix, 384 × 336] and transverse T2-weighted TSE images [repetition time (ms)/effective echo time (ms) 6,000/124; section thickness, 3 mm; intersection gap, 0.3 mm; field of view, 25 cm; matrix, 384 × 336]. DWI was obtained to calculate an apparent diffusion coefficient using a 2D echo planar imaging sequence with multiple b-value acquisitions (0, 100, 800, 1,000, and 1,500 s/mm2), with the diffusion-sensitizing gradients applied along the X, Y, and Z axes. MRI brain scans were obtained within 3 days after symptom onset for each participant admitted to the hospital. Lesions were localized according to hemisphere (right, left, or bilateral).

The image preprocessing includes registration for aligning all images into the same coordinate system, imaging normalization and white matter hyperactivity extraction. Although the images were acquired during the same session, a certain amount of subject motion and movement is unavoidable between the sequences, which leads to image misalignment. Basically, we extracted white matter hyperintensities from T2 images and stroke lesions from DWI images in the similar way with a stricter parameter, 0.5. In addition, T1 images ware applied to help image preprocessing including normalizations. For each subject, the T2 images were aligned with the T1 images using the 3D rigid body image registration algorithm proposed by Ashburner et al. (2000). We used the non-rigid normalization toolbox and transformed the T1 images into a standard template of MNI (Montreal Neurological Institute) space (Smith et al., 2018). T2 and DWI images were also transformed into standard space based on the deformation field of the corresponding T1 images. We used the Lesion Segmentation Toolbox (Schmidt et al., 2012) to identify white matter hyperintensities (lesion localized) and stroke lesions automatically of white matter regions and white matter anatomy of gray matter regions for each subject. We subtracted stroke lesions found by DWI images from white matter hyperintensities extracted by T2 images, which were considered potential lesions (Debette and Markus, 2010). Two trained neurologists who were blinded examined all of the preprocessing results to assure the imaging quality.



Vascular Risk Factors and Other Co-variates

We collected the following variables: age, gender, medical history (including hypertension, diabetes mellitus, smoking, history of stroke, atrial fibrillation, and other heart diseases), clinical data on admission (including relevant laboratory indicators, stroke severity as measured by the NIHSS, and thrombolytic treatment), location of stroke (left, right, bilateral hemispheres or posterior circulation) and affected vessels [anterior cerebral artery (ACA), middle cerebral artery (MCA), internal carotid artery (ICA) and posterior cerebral artery (PCA)]. The etiology of stroke was determined according to TOAST, which refers to five classifications: (1) large-artery atherosclerosis (LAA), (2) cardioembolism (CE), (3) small-vessel occlusion (SVO), (4) stroke of other determined etiology (SOE), and (5) stroke of undetermined etiology (SUE). The treating team made the diagnoses of progressive stroke. The following diagnostic criteria were used for progressive stroke: (a) the disease course extended from 6 h to 7 days; (b) the primary nervous symptoms and signs of the cerebral infarction progressively worsened after regular treatment for cerebral infarction, and the NIHSS score increased no less than 2 points (Zhang et al., 2017).



Statistical Tests

Continuous variables are presented as the means ± standard deviation (SD) or minimum-maximum and were analyzed using Student’s t-test and one-way ANOVA. Categorical data were examined using the chi-squared test or Fisher’s exact test. A multivariate logistic regression was used to construct a PSD prediction scale, and its accuracy was assessed using receiver operating characteristic (ROC) analysis with p-values extracted by permutation tests. Voxel-based lesion-symptom mapping (VLSM) (Bates et al., 2003) was used to analyze the relationship between tissue lesions (white matter hyperintensities) and PSD on a voxel-by-voxel basis to help identify key brain areas of PSD. For each voxel, patients were divided into two groups according to whether they did or did not have a lesion affecting that voxel. PSD or not were then compared for these two groups, yielding a logistic regression for each voxel. Moreover, we added covariates (e.g., age, gender, and lesion size) in the regression analysis to remove their effects. In addition, we applied cluster analysis to do multiple comparison corrections. Statistical analyses were performed using MATLAB software, version 2019b (MathWorks Inc.). A statistical threshold corrected at cluster-level for familywise error correction at p = 0.05 was set to reduce type-1 errors in the voxel-level analysis.




RESULTS

A total of 275 patients fulfilled the inclusion criteria and were included in the study (Supplementary Figure 1 summarized details of study recruitment). A total of 113 (41.1%) of the patients had PSD: 44 patients were assessed as V grade in the WST and were directly given nasal feeding. Other 69 patients were assessed using the V-VST. A total of 14.5% (n = 10) had clinical signs of impaired safety, 18.8% (n = 13) had impaired efficacy, and 66.7% (n = 46) had both swallowing impairments. The demographic and clinical characteristics of the study population and the differences between PSD and non-PSD patients are shown in Table 1. The groups significantly differed in age, and PSD patients were older than the non-PSD patients (67.92 ± 12.22 vs. 63.38 ± 13.19 years, t = 2.89, P < 0.01). Patients with history of AF (29.9% vs. 9.4%, χ2 = 11.05, P < 0.01) and higher FBG (6.59 ± 2.84 vs. 5.54 ± 1.74 μmol/l, t = 3.78, P < 0.01) were more likely to suffer from dysphagia. PSD patients showed higher scores in NIHSS (10.50 ± 6.95 vs. 3.38 ± 3.30, t > 11.34, P < 0.01) and often were characterized by concomitant stenosis or occlusion of the MCA (56.9% vs. 21.8%, χ2 = 11.85, P < 0.01) and ACA (3.7% vs. 1.2%, Z = 7.05, P < 0.01). Patients with progressive stroke had a higher chance of exhibiting PSD (31.4% vs. 3.2%, χ2 = 28.03, P < 0.01). We did a ROI analysis of stroke lesions in PSD and identified temporal lobe (815.40 ± 1305.77 vs. 548.93 ± 723.34, t = 2.02, P < 0.05), hippocampus (318.61 ± 331.74 vs. 236.38 ± 273.14, t = 2.06, P < 0.05), basal nucleus (717.36 ± 701.56 vs. 528.68 ± 495.54, t = 2.42, P < 0.01) and internal capsule (303.10 ± 584.71 vs. 118.25 ± 308.46, t = 3.18, P < 0.001) in left hemisphere to be associated with PSD as shown in Table 1. Post-stroke pneumonia was not associated with a higher chance of having PSD. A strong association was found between dysphagia and stroke using TOAST classifications (χ2 = 39.51, P < 0.01). We investigated the associations of dysphagia and stroke using the TOAST classification as shown in Figure 1. Patients with LAA and CE suffered dysphagia more often (LAA: OR = 2.81, P < 0.01; CE: OR = 2.54, P < 0.05), and patients with SVO suffered less often (OR = 0.23, P < 0.01). Patients of other determined and UD did not show significant differences.


TABLE 1. Demographic and clinical data of patients with dysphagia and controls.
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FIGURE 1. Dysphagia and stroke associations by TOAST classification. (A) Composition ratios of TOAST classification (blue: large-artery atherosclerosis, orange: cardioembolism, green: small-vessel occlusion, violet: stroke of other determined etiology and red: stroke of undetermined etiology) in patients with dysphagia and controls, which indicates a significantly strong association between dysphagia and stroke by TOAST classifications (Chi-squared test, χ2 = 39.51, p = 5.46 × 10–8). (B) Incidence rate of dysphagia in different TOAST classifications (patients with dysphagia in green and controls in blue). The incidence rate of total population is 41.1%. Large-artery atherosclerosis and cardioembolism hold odd ratios significantly larger than 1 with dysphagia (OR = 2.81, p = 5.68 × 10–5 and OR = 2.54, p = 2.57 × 10–3), while small-vessel occlusion holds an odd ratio significantly lower than 1 (OR = 0.23, p = 1.29 × 10–7).



Post-stroke Dysphagia Risk Factors and Prediction Scale

In order to avoid the influence of multiple comparison, we raised the threshold to (p < 1.00 × 10–6 with ** in Table 1) when doing multivariate analysis. The three variables with the most significant associations, NIH stroke scale, TOAST classification and progressive stroke, were combined with age and gender and used to construct a dysphagia prediction scale using a multivariate logistic model. As shown in Table 2, NIH stroke scale (OR = 1.27, t = 6.30, P < 0.01) and progressive stroke (OR = 5.65, t = 2.97, P < 0.01) showed the most significant associations with PSD in multivariate statistical analysis, and the other variables, including age, gender and TOAST classifications, showed no association.


TABLE 2. Multivariable logistic regression model for predicting patients with dysphagia.
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A ROC analysis was performed to examine the accuracy of the dysphagia prediction scale. As shown in Figure 2, NIH stroke scale, TOAST classification and progressive stroke together showed a significantly high AUC (area under the ROC curve) of 0.86 with a permutation P < 1 × 10–5, which indicated higher accuracy of the dysphagia prediction scale. The AUC of predictions based on NIH stroke scale (orange curve, AUC = 0.84), TOAST classification (blue curve, AUC = 0.73) and progressive stroke (green curve, AUC = 0.68) separately are also represented. Moreover, in the samples with images, as shown in Supplementary Figure 3, NIH stroke scale, TOAST classification and progressive stroke together showed AUC of 0.84 with a permutation P < 1 × 10–5. NIH stroke scale, TOAST classification, progressive stroke and regional lesion location together showed a significantly higher AUC of 0.85. Age and gender effects were included in the multivariate logistic model to construct prediction scales.
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FIGURE 2. ROC curves generated for stroke with dysphagia. Receiver operating characteristic (ROC) curve is generated for NIH stroke scale (NIHSS), TOAST classification and progressive stroke (age and gender effects included) with dysphagia (red line, AUC = 0.86, permutation p < 1 × 10–5) based on multiple logistic regression. In addition, ROC curves are generated separately for NIHSS (orange, AUC = 0.84), TOAST classification (blue, AUC = 0.73) and progressive stroke (green, AUC = 0.68) with age and gender effects included.


Once the predictive variables were determined and the accuracy was confirmed by the ROC analysis, an online calculator tool was constructed to help neurologists to acquire PSD risks of AIS patients intelligently and automatically (with risk scores and classifications included, http://180.167.250.222:10080/Online-Dysphagia-Risk-Calculator-Tool-for-AISPatients.html, Supplementary Figure 2).



Voxel-Based Lesion-Symptom Mapping of Post-stroke Dysphagia

The VLSM was used to identify lesions (white matter hyperintensities) that were strongly connected with PSD in 275 patients with AIS. We found a list of voxels with potential relationships. To eliminate noise effects, we performed a cluster analysis and found that the largest cluster (greater than 100 mm3) fell on the left IPG with the center at MNI coordinates: X = −38, Y = −39, Z = 51, t = 3.59, P < 0.0001). Figure 3 showed colorized depictions of VLSM logistic regression analysis results evaluating lesion and PSD relationships on a voxel-by-voxel basis. The left IPG had a specific and functional connection with PSD in the VLSM analysis.
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FIGURE 3. Voxel-based lesion-symptom mapping for dysphagia symptoms. Representative slices from VLSM maps computed for dysphagia symptoms of 275 patients with stroke. These maps are colorized depictions of logistic regression analysis results evaluating patient performance on a voxel-by-voxel basis. The warmer the color is, patients with lesions on the corresponding voxel hold higher chance to develop dysphagia. Age, gender, NIH stroke scale, TOAST classification and progressive stroke effects have been removed.





DISCUSSION

Combining clinical symptoms with applications of MRI (T1, T2, and DWI sequences) and VLSM analysis methods, our study demonstrated two major findings in acute ischemic stroke patients: (1) potential clinical risk factors of the onset of dysphagia following acute ischemic stroke, including older age, history of atrial fibrillation, higher fasting blood glucose, NIH stroke scale, TOAST classification, progressive stroke, middle cerebral artery lesion and anterior cerebral artery lesion with a PSD prediction scale; and (2) lesions in different anatomical locations in patients with AIS showed specific and functional connections between PSD and left inferior parietal gyrus using VLSM.

MRI has been proven to be high sensitivity and specificity for ischemic stroke, particularly in the hyperacute stage. Different MRI methods have been worldwide applied in the assessment of AIS patients in clinical practice (Asaithambi et al., 2020). Combining clinical symptoms with applications of MRI, we established a predictive model of dysphagia in AIS patients intelligently and automatically. With VLSM, the left inferior parietal gyrus was identified as a key brain area for dysphagia. After the automatic operation of the conventional MRI sequences mentioned above and VLSM analysis methods, the efficiency of MRI applications was improved. The role of MRI has broadened and progressed from making diagnoses to providing important information for clinical decision making and AIS patients management. An increasing body of evidence suggest that the physiology revealed by MRI can be an advance over time in clinical decisions in the management of AIS patients, which finally can improve the prognosis of patients (Campbell and Parsons, 2018).

PSD is prevalent in hospitalized patients, and it is associated with increased mortality and comorbidities. The reported incidence ranges substantially across studies from 50 to 80% (Woodhouse et al., 2018), depending on the different evaluation methods. The prevalence of PSD (41.1%) in our study is consistent with other studies in which similar bedside clinical assessments were used.

Previous studies identified various clinical variables, such as, age, dysarthria, lesion volume and stroke severity. However, these findings were inconsistent. Our study identified certain demographic and clinical factors that influenced PSD to help identify patients with a greater risk of PSD at an early stage. Age and stroke severity are consistently considered predictors for PSD. In addition to that, a predictive model of PSD was constructed intelligently and automatically. Older age is consistently considered as a risk factor for dysphagia after stroke. Older patients are particularly vulnerable to PSD because of multiple age-related changes. On the one hand, elderly patients cannot compensate for sarcopenia (Wirth et al., 2016). On the other hand, a broader cortical activation in both hemispheres was identified measured by MEG during swallowing in elderly subjects compared to the young (Teismann et al., 2010). As a consequence, it is assumed that cortical lesions in elderly patients are more likely to lead to PSD due to an already reduced compensatory reserve. With regards to gender, the impact on PSD has not yet been systematically explored. One retrospective study identified that female sex was associated with prolonged dysphagia and increased death (Smithard et al., 2007). Considerable research found that stroke severity, as measured by NIHSS score, was an independent risk factor for PSD adjusting for other variables (Labeit et al., 2018; Toscano et al., 2019). Two studies evaluated the correlation of NIHSS score and dysphagia severity. And one article found that a cutoff value of 10 points carried the best sensitivity for predicting PSD (Jeyaseelan et al., 2015). Another article set the cutoff value at 12 points (Okubo et al., 2012). However, no research focused on the relationship between stroke subtype based on the TOAST criteria and PSD. The only related article found no significant difference between TOAST classification and the requirement for percutaneous endoscopic gastrostomy tube insertion in patients after stroke (Li et al., 2014). Our study provided evidence that patients with LAA and CE were more likely to suffer from PSD. In general, patients with LAA and CE had a higher NIHSS score than patients with other subtypes (Adams et al., 1999). Therefore, one potential explanation is that patients with LAA and CE tend to have severe neurological deficits (Tan et al., 2018). There was little literature on the relationship between progressive stroke and PSD. The mechanism of progressive stroke was not clear. The hypotheses involved included propagation of thrombus, development of brain edema, production of inflammatory cytokines and metabolic factors. Besides, progressive stroke was reported to be positively correlated with large vessel disease or branch atheromatous disease (Saia and Pantoni, 2009). Our study confirmed that an increased NIH stroke scale and progressive stroke were associated with PSD in patients with AIS. The PSD risk increased 1.27 times with every one NIHSS score increase, and patients with progressive stroke had a 5.65-times higher PSD risk. Higher NIHSS stroke scale and progressive stroke should be considered two main symptom targets during healthcare settings for PSD.

A strong dominance of left hemispheric lesions was observed in our study, and this result confirmed previous research that unilateral hemispheric lesions produce PSD (Daniels et al., 1996). However, there was no unified conclusion about the dominant role of the left and right cerebral hemispheres. Some functional imaging showed time-dependent shifts of neural activation from the left to right sensorimotor cortex during swallowing (Teismann et al., 2009). Recent evidence suggested that swallowing was represented bilaterally, but asymmetrically, with interindividual and characteristic differences (Saito et al., 2016).

Previous studies attempted to identify the association between the location of brain lesions and PSD based on functional neuroimaging. The nucleus ambiguus in the rostral and ventrolateral medulla, the nucleus tractus solitarius and the reticular formation contain the central pattern generator for swallowing (Daniels et al., 2017). Cortical regions associated with primary and secondary sensorimotor areas were identified as important in swallowing in neuroimaging studies. Previous studies showed several regions related to swallowing, such as supramarginal gyrus, the precentral gyrus, post-central gyrus, insula, and cingulate cortex (Rolls, 2016). Multiple subcortical and white matter regions were also involved in abnormal swallowing (Malandraki et al., 2009). Gonzalez-Fernandez et al. (2008) found a positive association between dysphagia and acute stroke involving the internal capsule after adjusting for stroke severity (NIHSS) and stroke volume. Daniels and Foundas (1999) identified that periventricular white matter was highly associated with dysphagia. These regions may provide interconnections between cortical swallowing centers and the central pattern generator. There is no doubt that brain stem is the central control of swallowing and plays an absolutely important role in PSD as evidenced in by the high incidence of PSD in cases with lateral medullary stroke. However, in our study, only 50/275 (18.2%) of the patients were with brain stem lesions. The absence of significant effects in brain stem lesions in our study may result from small patient collectives.

There was no consistent conclusion about the relationship between brain lesions and the occurrence of PSD. A number of studies in the past have strived to identify lesion patterns that predict dysphagia (Galovic et al., 2013; Suntrup-Krueger et al., 2017). However, all of these findings were inconsistent due to a lot of reasons. First, the comparatively small sample sizes had limited our ability to predict which patients were more likely to develop swallowing dysfunction. Moreover, dysphagia is time-dependent and conclusions about the association between stroke locations and dysphagia required early assessment of both stroke and swallowing. Not only that, but studies were often confined to a low number of roughly classified brain regions of interest (Suntrup et al., 2015). The limitations of functional imaging may also account for this lack of consensus. Functional neuroimaging requires a long time, and patients inevitably move, which compromises the quality of imaging data. There are also different results from different neuroimaging methods. Imaging findings change over time due to treatment, disease duration and severity (Fox, 2018).

The present study showed that lesions in different anatomical locations presented strong connections between the left IPG and PSD using VLSM. To the best of our knowledge, the IPG is widely accepted as associated with the egocentric, perceptual, exploratory extrapersonal, and personal, bodily components of neglect (Vallar and Calzolari, 2018). The roles of the IPG in conceptual processing and context-driven word production were also observed previously (Piai et al., 2018). The most common site of involvement in this study was the IPG. Swallowing is a complicated and multisensory process that depends on several sensory modalities. Therefore, it was not surprising that the IPG, as the secondary somatosensory cortex, may contribute to sensorimotor integration during swallowing. Our findings suggest the importance of intact sensory afferents for the motor output network of swallowing (Galovic et al., 2013). This new approach using network mapping identified previously unappreciated connections in patients with PSD and provide a new symptom-based treatment target. The current treatments for PSD are diet improvement, and compensatory and rehabilitation methods. However, these rehabilitation methods are primarily experience-based for dysfunction of a typical swallowing organ, and no evidence shows that these methods may be used as a routine clinical treatment for dysphagia after stroke (Mitchell, 2016). Transcranial magnetic stimulation (TMS) is a tool to alter brain activity in CNS disease and has been used successfully to study swallowing. It was reported that both ipsilesional high frequency and contralesional low frequency TMS could improvement in the symptoms and signs of dysphagia in the acute and chronic stroke (Michou and Hamdy, 2009). Lin et al. (2018) indicated that vagus nerve modulation using TMS in patients with stroke involving the brainstem can facilitate the recovery of swallowing function. In more recent literature, TMS was approved to have a positive value on the treatment of dysphagia after stroke by several authors (Verin and Leroi, 2009; Khedr and Abo-Elfetoh, 2010). Therefore, the IPG may be a new symptom-based treatment target of PSD. Therefore, the IPG may be a new symptom-based treatment target of PSD.

Our study had some limitations. First, we must consider that PSD in our study was not confirmed via instrumental testing, such as videofluoroscopy. Instead, swallowing was assessed clinically using bedside evaluations (WST and VVST), which may lack the ability to evaluate silent aspiration. Furthermore, instrumental validation could have allowed for a more detailed score to evaluate severity of PSD. However, instrumental assessment of swallowing function existed limitation in clinical practice, especially to AIS patients. The bedside evaluations we performed were not only quite simple and easy, but also had good sensitivity and specificity, which was confirmed as a formalized assessment for dysphagia by both the European Society for Swallowing Disorders (ESSD) and expert group on PSD and nutritional management in China (Rofes et al., 2013). Second, the severity of PSD should be further assessed to examine the factors that affect the severity of dysphagia. Third, No FLAIR images were acquired which would be ideal for our study. FLAIR can more clearly show the lesions that are concealed by the high signal of cerebrospinal fluid on conventional T2WI, especially in the periventricular, brain surface, and subarachnoid area, which improves the sensitivity of diagnosis. We will pay particular attention to this point in future research.



CONCLUSION

In conclusion, the present study showed that dysphagia was a frequent symptom in patients with AIS. Possible predictors of PSD were identified and included older age, history of atrial fibrillation, higher fasting blood glucose, NIH stroke scale, TOAST classification, progressive stroke, middle cerebral artery lesion and anterior cerebral artery lesion, which were used to construct a dysphagia prediction scale with high accuracy. An online predictive model of dysphagia was constructed to help neurologists to acquire PSD risks of AIS patients intelligently and automatically. The left inferior parietal gyrus was a key brain region of PSD associated with dysphagia after AIS and may be a new symptom-based treatment target.
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Supplementary Figure 2 | Online dysphagia risk calculator tool for patients with acute ischemic stroke. The tool is available at http://180.167.250.222:10080/Online-Dysphagia-Risk-Calculator-Tool-for-AISPatients.html.

Supplementary Figure 3 | ROC curves generated for stroke with dysphagia. Receiver operating characteristic (ROC) curve is generated for NIH stroke scale (NIHSS), TOAST classification, progressive stroke and regional lesion location (age and gender effects included) with dysphagia (red line, AUC = 0.85, permutation p < 1 × 10–5) based on multiple logistic regression. ROC curves are generated for NIHSS, TOAST classification and progressive stroke (blue, AUC = 0.84) with age and gender effects included.


ABBREVIATIONS

PSD, post-stroke dysphagia; VLSM, voxel-based lesion-symptom mapping; IPG, inferior parietal gyrus; NIHSS, National Institutes of Health Stroke Scale; WST, water-swallowing test; V-VST, volume-viscosity swallow test.


REFERENCES

Adams, H. P. Jr., Davis, P. H., Leira, E. C., Chang, K. C., Bendixen, B. H., Clarke, W. R., et al. (1999). Baseline NIH Stroke Scale score strongly predicts outcome after stroke: A report of the Trial of Org 10172 in Acute Stroke Treatment (TOAST). Neurology 53, 126–131. doi: 10.1212/WNL.53.1.126

Asaithambi, G., Tong, X., Lakshminarayan, K., Coleman King, S. M., and George, M. G. (2020). Current trends in the acute treatment of ischemic stroke: analysis from the Paul Coverdell National Acute Stroke Program. J. Neurointerv. Surg. 12, 574–578. doi: 10.1136/neurintsurg-2019-015133

Ashburner, J., Andersson, J. L., and Friston, K. J. (2000). Image registration using a symmetric prior–in three dimensions. Hum. Brain Mapp. 9, 212–225. doi: 10.1002/(SICI)1097-0193(200004)9:4<212::AID-HBM3>3.0.CO;2-#

Bates, E., Wilson, S. M., Saygin, A. P., Dick, F., Sereno, M. I., Knight, R. T., et al. (2003). Voxel-based lesion-symptom mapping. Nat. Neurosci. 6, 448–450. doi: 10.1038/nn1050

Campbell, B. C., and Parsons, M. W. (2018). Imaging selection for acute stroke intervention. Int. J. Stroke 13, 554–567. doi: 10.1177/1747493018765235

Daniels, S. K., and Foundas, A. L. (1999). Lesion localization in acute stroke patients with risk of aspiration. J. Neuroimaging. 9, 91–98. doi: 10.1111/jon19999291

Daniels, S. K., Foundas, A. L., Iglesia, G. C., and Sullivan, M. A. (1996). Lesion site in unilateral stroke patients with dysphagia. J. Stroke Cerebrovasc. Dis. 6, 30–34. doi: 10.1016/S1052-3057(96)80023-1

Daniels, S. K., Pathak, S., Mukhi, S. V., Stach, C. B., Morgan, R. O., and Anderson, J. A. (2017). The Relationship Between Lesion Localization and Dysphagia in Acute Stroke. Dysphagia 32, 777–784. doi: 10.1007/s00455-017-9824-0

Debette, S., and Markus, H. S. (2010). The clinical importance of white matter hyperintensities on brain magnetic resonance imaging: systematic review and meta-analysis. BMJ 341:c3666. doi: 10.1136/bmj.c3666

Fox, M. D. (2018). Mapping Symptoms to Brain Networks with the Human Connectome. N. Engl. J. Med. 379, 2237–2245. doi: 10.1056/NEJMra1706158

Galovic, M., Leisi, N., Muller, M., Weber, J., Abela, E., Kagi, G., et al. (2013). Lesion location predicts transient and extended risk of aspiration after supratentorial ischemic stroke. Stroke 44, 2760–2767. doi: 10.1161/STROKEAHA.113.001690

Gonzalez-Fernandez, M., Kleinman, J. T., Ky, P. K., Palmer, J. B., and Hillis, A. E. (2008). Supratentorial regions of acute ischemia associated with clinically important swallowing disorders: a pilot study. Stroke 39, 3022–3028. doi: 10.1161/STROKEAHA.108.518969

Hinchey, J. A., Shephard, T., Furie, K., Smith, D., Wang, D., Tonn, S., et al. (2005). Formal dysphagia screening protocols prevent pneumonia. Stroke 36, 1972–1976. doi: 10.1161/01.STR.0000177529.86868.8d

Ickenstein, G. W., Stein, J., Ambrosi, D., Goldstein, R., Horn, M., and Bogdahn, U. (2005). Predictors of survival after severe dysphagic stroke. J. Neurol. 252, 1510–1516. doi: 10.1007/s00415-005-0906-9

Jeyaseelan, R. D., Vargo, M. M., and Chae, J. (2015). National Institutes of Health Stroke Scale (NIHSS) as An Early Predictor of Poststroke Dysphagia. PM R 7, 593–598. doi: 10.1016/j.pmrj.2014.12.007

Khedr, E. M., and Abo-Elfetoh, N. (2010). Therapeutic role of rTMS on recovery of dysphagia in patients with lateral medullary syndrome and brainstem infarction. J. Neurol. Neurosurg. Psychiatry 81, 495–499. doi: 10.1136/jnnp.2009.188482

Labeit, B., Mueller, H., Muhle, P., Claus, I., Warnecke, T., Dziewas, R., et al. (2018). Predicting Dysphagia with National Institute of Health Stroke Scale: Distinction between Infra- and Supratentorial Region is Essential. Cerebrovasc. Dis. 46, 152–160. doi: 10.1159/000493371

Leopold, N. A., and Daniels, S. K. (2010). Supranuclear control of swallowing. Dysphagia 25, 250–257. doi: 10.1007/s00455-009-9249-5

Li, J., Zhang, J., Li, S., Guo, H., Qin, W., and Hu, W. L. (2014). Predictors of Percutaneous Endoscopic Gastrostomy Tube Placement after Stroke. Can J. Neurol. Sci. 41, 24–28. doi: 10.1017/S0317167100016218

Lin, W. S., Chou, C. L., Chang, M. H., Chung, Y. M., Lin, F. G., and Tsai, P. Y. (2018). Vagus nerve magnetic modulation facilitates dysphagia recovery in patients with stroke involving the brainstem - A proof of concept study. Brain Stimul. 11, 264–270. doi: 10.1016/j.brs.2017.10.021

Malandraki, G. A., Sutton, B. P., Perlman, A. L., Karampinos, D. C., and Conway, C. (2009). Neural activation of swallowing and swallowing-related tasks in healthy young adults: an attempt to separate the components of deglutition. Hum. Brain Mapp. 30, 3209–3226. doi: 10.1002/hbm.20743

Marik, P. E., and Kaplan, D. (2003). Aspiration pneumonia and dysphagia in the elderly. Chest 124, 328–336. doi: 10.1378/chest.124.1.328

Michou, E., and Hamdy, S. (2009). Cortical input in control of swallowing. Curr. Opin. Otolaryngol. Head Neck Surg. 17, 166–171. doi: 10.1097/MOO.0b013e32832b255e

Mitchell, P. H. (2016). Nursing Assessment of Depression in Stroke Survivors. Stroke 47, e1–e3. doi: 10.1161/STROKEAHA.115.008362

Okubo, P. C., Fabio, S. R., Domenis, D. R., and Takayanagui, O. M. (2012). Using the National Institute of Health Stroke Scale to predict dysphagia in acute ischemic stroke. Cerebrovasc. Dis. 33, 501–507. doi: 10.1159/000336240

Osawa, A., Maeshima, S., and Tanahashi, N. (2013). Water-swallowing test: screening for aspiration in stroke patients. Cerebrovasc. Dis. 35, 276–281. doi: 10.1159/000348683

Piai, V., Rommers, J., and Knight, R. T. (2018). Lesion evidence for a critical role of left posterior but not frontal areas in alpha-beta power decreases during context-driven word production. Eur. J. Neurosci. 48, 2622–2629. doi: 10.1111/ejn.13695

Rofes, L., Muriana, D., Palomeras, E., Vilardell, N., Palomera, E., Alvarez-Berdugo, D., et al. (2018). Prevalence, risk factors and complications of oropharyngeal dysphagia in stroke patients: A cohort study. Neurogastroenterol. Motil. 2018:e13338. doi: 10.1111/nmo.13338

Rofes, L., Vilardell, N., and Clave, P. (2013). Post-stroke dysphagia: progress at last. Neurogastroenterol. Motil. 25, 278–282. doi: 10.1111/nmo.12112

Rolls, E. T. (2016). Functions of the anterior insula in taste, autonomic, and related functions. Brain Cogn. 110, 4–19. doi: 10.1016/j.bandc.2015.07.002

Saia, V., and Pantoni, L. (2009). Progressive stroke in pontine infarction. Acta Neurol. Scand. 120, 213–215. doi: 10.1111/j.1600-0404.2009.01161.x

Saito, T., Hayashi, K., Nakazawa, H., and Ota, T. (2016). Clinical Characteristics and Lesions Responsible for Swallowing Hesitation After Acute Cerebral Infarction. Dysphagia 31, 567–573. doi: 10.1007/s00455-016-9716-8

Schmidt, P., Gaser, C., Arsic, M., Buck, D., Forschler, A., Berthele, A., et al. (2012). An automated tool for detection of FLAIR-hyperintense white-matter lesions in Multiple Sclerosis. Neuroimage 59, 3774–3783. doi: 10.1016/j.neuroimage.2011.11.032

Smith, E. E., Kent, D. M., Bulsara, K. R., Leung, L. Y., Lichtman, J. H., Reeves, M. J., et al. (2018). Effect of Dysphagia Screening Strategies on Clinical Outcomes After Stroke: A Systematic Review for the 2018 Guidelines for the Early Management of Patients With Acute Ischemic Stroke. Stroke 49, e123–e128. doi: 10.1161/STR.0000000000000159

Smithard, D. G., Smeeton, N. C., and Wolfe, C. D. (2007). Long-term outcome after stroke: does dysphagia matter? Age Ageing 36, 90–94. doi: 10.1093/ageing/afl149

Suntrup, S., Kemmling, A., Warnecke, T., Hamacher, C., Oelenberg, S., Niederstadt, T., et al. (2015). The impact of lesion location on dysphagia incidence, pattern and complications in acute stroke. Part 1: dysphagia incidence, severity and aspiration. Eur. J. Neurol. 22, 832–838. doi: 10.1111/ene.12670

Suntrup-Krueger, S., Kemmling, A., Warnecke, T., Hamacher, C., Oelenberg, S., Niederstadt, T., et al. (2017). The impact of lesion location on dysphagia incidence, pattern and complications in acute stroke. Part 2: Oropharyngeal residue, swallow and cough response, and pneumonia. Eur. J. Neurol. 24, 867–874. doi: 10.1111/ene.13307

Tan, Y. F., Zhan, L. X., Chen, X. H., Guo, J. J., Qin, C., and Xu, E. (2018). Risk Factors, Clinical Features and Prognosis for Subtypes of Ischemic Stroke in a Chinese Population. Curr. Med. Sci. 38, 296–303. doi: 10.1007/s11596-018-1878-1

Teismann, I. K., Dziewas, R., Steinstraeter, O., and Pantev, C. (2009). Time-dependent hemispheric shift of the cortical control of volitional swallowing. Hum. Brain Mapp. 30, 92–100. doi: 10.1002/hbm.20488

Teismann, I. K., Steinstraeter, O., Schwindt, W., Ringelstein, E. B., Pantev, C., and Dziewas, R. (2010). Age-related changes in cortical swallowing processing. Neurobiol. Aging 31, 1044–1050. doi: 10.1016/j.neurobiolaging.2008.07.001

Toscano, M., Cecconi, E., Capiluppi, E., Vigano, A., Bertora, P., Campiglio, L., et al. (2015). Neuroanatomical, Clinical and Cognitive Correlates of Post-Stroke Dysphagia. Eur. Neurol. 74, 171–177. doi: 10.1159/000441056

Toscano, M., Vigano, A., Rea, A., Verzina, A., Sasso D’elia, T., Puledda, F., et al. (2019). Sapienza Global Bedside Evaluation of Swallowing after Stroke: the GLOBE-3S study. Eur. J. Neurol. 26, 596–602. doi: 10.1111/ene.13862

Vallar, G., and Calzolari, E. (2018). Unilateral spatial neglect after posterior parietal damage. Handb. Clin. Neurol. 151, 287–312. doi: 10.1016/B978-0-444-63622-5.00014-0

Verin, E., and Leroi, A. M. (2009). Poststroke dysphagia rehabilitation by repetitive transcranial magnetic stimulation: a noncontrolled pilot study. Dysphagia 24, 204–210. doi: 10.1007/s00455-008-9195-7

Vilardell, N., Rofes, L., Arreola, V., Martin, A., Muriana, D., Palomeras, E., et al. (2017). Videofluoroscopic assessment of the pathophysiology of chronic poststroke oropharyngeal dysphagia. Neurogastroenterol. Motil. 29, 1–8. doi: 10.1111/nmo.13111

Wilmskoetter, J., Bonilha, L., Martin-Harris, B., Elm, J. J., Horn, J., and Bonilha, H. S. (2019). Mapping acute lesion locations to physiological swallow impairments after stroke. Neuroimage Clin. 22:101685. doi: 10.1016/j.nicl.2019.101685

Wirth, R., Dziewas, R., Beck, A. M., Clave, P., Hamdy, S., Heppner, H. J., et al. (2016). Oropharyngeal dysphagia in older persons - from pathophysiology to adequate intervention: a review and summary of an international expert meeting. Clin. Interv. Aging 11, 189–208. doi: 10.2147/CIA.S97481

Woodhouse, L. J., Scutt, P., Hamdy, S., Smithard, D. G., Cohen, D. L., Roffe, C., et al. (2018). Route of Feeding as a Proxy for Dysphagia After Stroke and the Effect of Transdermal Glyceryl Trinitrate: Data from the Efficacy of Nitric Oxide in Stroke Randomised Controlled Trial. Transl. Stroke Res. 9, 120–129. doi: 10.1007/s12975-017-0548-0

Zhang, C., Zhao, S., Zang, Y., Gu, F., Mao, S., Feng, S., et al. (2017). The efficacy and safety of Dl-3n-butylphthalide on progressive cerebral infarction: A randomized controlled STROBE study. Medicine 96:e7257. doi: 10.1097/MD.0000000000007257


Conflict of Interest: CL was employed by company Shanghai Zhiyu Software Technology Co., Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Zhang, Tang, Wang, Ding, Zhu, Zhou, Diao, Kong, Cai, Li, Yao and Fang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Predictive Model of Dysphagia and Brain Lesion-Symptom Mapping in Acute Ischemic Stroke



		INTRODUCTION



		MATERIALS AND METHODS



		Study Design and Participants



		Imaging Procedures



		Vascular Risk Factors and Other Co-variates



		Statistical Tests









		RESULTS



		Post-stroke Dysphagia Risk Factors and Prediction Scale



		Voxel-Based Lesion-Symptom Mapping of Post-stroke Dysphagia









		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/fnagi-13-753364-g002.jpg
True Positive Rate / Sensitivity
o o o o =
N ~ o o o

=
o

Permutation p <1 x 107>
S/ -’ NIHSS+TOAST+Progressive Stroke
s AUC = 0.86
NIH Stroke Scale

-’ AUC = 0.84

7 ~ TOAST Classification

- AUC =0.73

Progressive Stroke
AUC = 0.68

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate / 1-Specificity






OPS/images/fnagi-13-753364-g001.jpg
40%

Large-Artery
Atherosclerosis
Cardioembolism
Small-Vessel
Occlusion 20%
Stroke of Other
Determined Etiology

Stroke of
Undetermined Etiology

¥ = 39.51
0=5.46 x 1078

40%

20%

0%

100%
75%
50%
25%

Incidence Rate

0%
Controls

Dysphagia

B Dysphagia

OR = 2.81 OR = 2.54 OR = 0.23
B Controls

IR=41.1% p=5.68x10"%p=257x%x10"3p=1.29 x 10”7

0%

Total
Population Atherosclerosis

Large-Artery Cardioembolism Small-Vessel Stroke of Other Stroke of
Occlusion Determined Undetermined
Etiology Etiology






OPS/images/fnagi-13-753364-g003.jpg





OPS/images/cover.jpg
’ frontiers
in Aging Neuroscience

Predictive Model of Dysphagia
and Brain Lesion-Symptom
Mapping in Acute Ischemic

Stroke









OPS/images/fnagi-13-753364-t002.jpg
Variables Odds ratio
Age 1.03
Gender 1.78
NIH stroke scale 1.27
Large-artery atherosclerosis 1.36
Cardioembolism 0.88
Small-vessel occlusion 0.59
Progressive stroke 5.65

95% Cl

1.00, 1.06
0.87, 3.66
1.18,1.38

0.39, 4.79
0.20, 3.90
0.15,2.28
1.80,17.76

t

1:72
1.59
6.30

0.48
—-0.17
—0.79

297

P-value

0.09
0.11

3.04 x
Q=10

0.63

0.86

0.43
0.0029*

*p < 0.005, *p < 1.00 x 1078,





OPS/images/logo.jpg
’ frontiers
in Aging Neuroscience





OPS/images/fnagi-13-753364-t001.jpg
Demographic and clinical data Dysphagia Controls vz/y 2 p
(n=113) (n =162)
Age (years) 67.92 + 12.22, 63.38 + 13.19, t=2.89 210 x 10~%
31.00-93.00 22.00-85.00
Gender male/female 75/38 107/55 %2 =0.00 0.96
Systolic blood pressure (mmHg) 145.37 £21.33, 142.77 £21.01, t=1.00 0.32
103.00-201.00 104.00-207.00
Diastolic blood pressure (mmHg) 81.30 + 13.12, 80.62 + 12.89, t=0.43 0.67
40.00-118.00 7.00-117.00
History of hypertension yes/no 90/23 111/51 ¥x2=4.19 0.04
History of diabetes yes/no 26/87 31/131 %2 =0.61 0.44
Smoking yes/quit/no 30/4/79 39/4/119 Z=0.32 0.75
History of AFt yes/no 26/87 14/148 ¥x2=11.05 8.85 x 10~4
Other heart diseases yes/no 6/107 5/157 Z=0.90 0.37
Previous stroke yes/no 23/90 21141 2 =271 0.10
Triglyceride (mmol/L) 1.27 £ 0.53, 1.47 £ 0.95, t=—-197 0.05
0.51-3.83 0.38-9.11
Total cholesterol (mmol/L) 4.26 £+ 0.99, 419 £1.09, t=0.55 0.58
2.21-6.93 0.65-8.21
LDLC (mmol/L) 2.43 £ 0.81, 2.38 £ 0.83, t=0.56 0.57
0.69-4.88 0.65-5.15
Creatinine (wmol/L) 70.19 £ 20.08, 69.37 £ 17.12, t=0.36 0.72
38.50-191.70 32.50-121.00
Uric acid (umol/L) 285.82 + 95.45, 297.65 + 88.86, t=-1.05 0.29
9.30-5653.50 92.50-574.20
Fasting blood glucose (umol/L) 6.59 + 2.84, 5.54 +1.74, t=3.78 1.00 x 10=%
3.43-19.03 3.34-12.67
Homocysteine* (umol/L) 12.90 + 10.74, 11.43 +7.82, t=1.17 0.12
2.40-97.00 3.10-56.20
Hemoglobin A1ct (%) 6.93 + 1.88, 6.70 + 1.88, t=0.80 0.21
3.70-12.30 4.90-14.80
ECGT (AF) yes/no 30/83 19/143 ¥2=9.98 1.58 x 10=%
NIH stroke scale 10.50 + 6.95, 3.38 +3.30, t=11.34 5.50 x 10=25"
0.00-36.00 0.00-19.00
NIH stroke scale (After discharge) 8.58 + 5.98, 2.22 + 255, t=12.06 1.93 x 10-27"
0.00-35.00 0.00-16.00
TOAST classificationt 56/31/20/2/4 42/21/79/10/10 ¥2 =39.51 5.46 x 10~8"
Progressive stroke yes/no 27/86 5/157 ¥2 =28.03 1.20 x 10=7"
Lesioned hemi left/right/both 43/52/18 84/55/23 Y2 =5.37 0.07
Brain stem lesioned yes/no 25/88 25/137 %2 =2.00 0.16
MCAT Affected yes/no 41/72 29/133 ¥2=11.85 5.75 x 10~%
PCA' Affected yes/no 5/108 16/146 x° =2.81 0.09
ICAT Affected yes/no 21/92 16/146 Y2 =4.33 0.04
ACAT Affected yes/no 4/109 2/160 Z=7.05 1.76 x 10127
BAT Affected yes/no 6/107 4/158 Z =0.00 1.00
VAT Affected yes/no 5/108 3/159 Z =0.00 1.00
Thrombolytic yes/no 19/94 23/139 ¥2=0.35 0.55
Epilepsy yes/no 3/110 4/158 Z =0.00 1.00
Lesion size of temporal lobe (left) (mm~3) 815.40 +£1305.77 548.93 £ 723.34 t=2.02 0.02
Lesion size of hippocampus (left) (mm~3) 318.61 £331.74 236.38 £ 273.14 t=2.06 0.02
Lesion size of basal nucleus (left) (mm”3) 717.36 £701.56 528.68 + 495.54 t=2.42 8.20 x 1072
Lesion size of internal capsule (left) (mm~”3) 303.10 £ 584.71 118.25 + 308.46 t=3.18 8.00 x 10~

*Continuous data are shown as mean + SD, minimum and maximum values in patients with dysphagia and controls with statistical significance based on two sample
t-test. Categorical data differences in patients and controls are represented with statistical significance based on chi-squared test (x2 and p) or Fisher exact test (Z and

D). o < 0.005, *p < 1.00 x 1078,

TAF, refers to atrial fibrillation; LDLC, refers to low density lipoprotein cholesterol; ECG, refers to Electrocardiogram; MCA, refers to middle cerebral artery; PCA, refers
to posterior cerebral artery; ICA, refers to internal carotid artery; ACA, refers to anterior cerebral artery; BA, refers to basilar artery and VA, refers to vertebral artery.
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+87 patients with dysphagia and 131 controls took part in Homocysteine tests, while 66 patients with dysphagia and 100 controls attended Hemoglobin Alc tests.





