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Videofluoroscopic Swallowing Study Findings Associated With Subsequent Pneumonia in Patients With Dysphagia Due to Frailty
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Dysphagia in frailty or deconditioning without specific diagnosis that may cause dysphagia such as stroke, traumatic brain injury, or laryngeal pathology, has been reported in previous studies; however, little is known about which findings of the videofluoroscopic swallowing study (VFSS) are associated with subsequent pneumonia and how many patients actually develop subsequent pneumonia in this population. In this study, we followed 190 patients with dysphagia due to frailty or deconditioning without specific diagnosis that may cause dysphagia for 3 months after VFSS and analyzed VFSS findings for the risk of developing pneumonia. During the study period, the incidence of subsequent pneumonia was 24.74%; regarding the VFSS findings, (1) airway penetration (PAS 3) and aspiration (PAS 7 and 8) were associated with increased risk of developing pneumonia, and (2) the functional dysphagia scale (FDS) scores of the patients who developed subsequent pneumonia were higher than those of the patients who did not develop subsequent pneumonia. Our study findings might assist clinicians in making clinical decisions based on the VFSS findings in this population.
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INTRODUCTION

Frailty is a complex syndrome associated with a progressive decline in physical, mental, and social functions (1). In most cases, frailty develops because of an age-related decline in multiple physiological systems and increases the risk of catastrophic deterioration of physiological function and health in older adults (1). Moreover, persistent illness can cause frailty. Frailty is associated with muscle loss, weakness, reduced activity, slowness, and disability (2). In frailty, there is a decline in not only overall body function, but also swallowing function (3). Although the accurate prevalence of dysphagia has not been evaluated, many studies have reported that frailty is an important cause of dysphagia and that the prevalence of dysphagia increases with higher degrees of frailty (3–5).

Effective and safe swallowing is a basic requirement for sustaining life. Dysphagia greatly affects general health due to malnutrition, limits social life, and deteriorates the quality of life. Furthermore, dysphagia frequently causes aspiration pneumonia, a leading cause of mortality (6, 7). Therefore, clinicians should thoroughly investigate the presence of dysphagia. Furthermore, knowledge of factors that influence the occurrence of aspiration pneumonia or predictive findings for aspiration pneumonia allows clinicians to observe and manage individuals at risk of pneumonia and prevent its development.

Videofluoroscopic swallowing study (VFSS) is a standard diagnostic tool for dysphagia (8). It provides information related to swallowing function, such as the presence of penetration or aspiration, oral or pharyngeal transit time, and the presence of residue in the pyriform sinuses and valleculae (8). VFSS can show the involvement of every phase of swallowing in detail. Based on the results of the VFSS, clinicians provide a dietary prescription and develop a treatment plan. We propose that some findings of VFSS be used to evaluate the risk of pneumonia in a person with frailty.

In the current study, we evaluated the VFSS findings that increased the likelihood of developing pneumonia in a person with frailty.



METHODS


Patient Selection and Data Collection

This study was approved by the Institutional Review Board of the University Hospital. All inpatient VFSS conducted at our hospital over two consecutive years from January 2019 to December 2020 were reviewed retrospectively. In addition, further data were obtained from the medical records, including age, sex, etiology of dysphagia, and subsequent pneumonia or death after VFSS. The etiology of dysphagia was determined according to the admission diagnosis or the reason for VFSS referral. A case of pneumonia was identified based on the antibiotic prescription record plus chest imaging, and the follow-up period for the detection of subsequent pneumonia or death was 3 months after VFSS.

The inclusion criteria were as follows: (1) age at VFSS > 20 years and (2) oropharyngeal dysphagia due to frailty or deconditioning without specific diagnosis that may cause dysphagia such as stroke, traumatic brain injury, or laryngeal pathology. The exclusion criteria were as follows: (1) esophageal dysphagia; (2) dysphagia due to known neurologic conditions including stroke, traumatic brain injury, anoxic brain injury, brain tumor, amyotrophic lateral sclerosis, Parkinson's disease, or Alzheimer's disease; (3) dysphagia from laryngeal pathology, including laryngeal cancer, stenosis, paralysis, and postoperative head and neck surgery; and (4) patients who had been undergoing antibiotic treatment at VFSS.

VFSS was performed using an X-ray flat panel detector system (FPD, Zexira®, Canon Medical Systems, Otawara, Tochigi, Japan), and fluoroscopic images were saved as digital media at 30 frames per second using a scan converter. Bonorex 300 injection (iohexol 647 mg/mL, Central Medical Service, Seoul, Korea) was used as the contrast medium, and the test sequence was (1) 3 mL and 10 mL of contrast medium, (2) 5 mL of yogurt and contrast medium mixture (2 mL of contrast medium mixed with 10 g of yogurt), (3) 5 mL of banana and contrast medium mixture (2 mL of contrast medium mixed with 10 g of banana), and (4) 10 mL of contrast medium in a cup. For patient safety, the test was stopped when second aspiration was observed at any stage; therefore, not all types of foods were given to all patients. The results of VFSS were graded using the penetration-aspiration scale (PAS) (9) and functional dysphagia scale (FDS) (10) (Supplementary Table 1). The highest score for any type of food tested in the VFSS was used for analysis.



Statistical Evaluation

Data were analyzed using the Statistical Package for Social Sciences version 20.0 (IBM Corp., Armonk, NY). The patients were divided into two groups according to the presence or absence of pneumonia during the 3 months after VFSS. Differences in demographic characteristics between the two groups were compared using the independent t-test and the chi-square test. The PAS scores of the VFSS results were analyzed using a logistic regression test, as proposed in a previous study (11), and the FDS scores were analyzed using the independent t-test. Receiver operating characteristic (ROC) analysis was performed to evaluate the predictive accuracy of FDS for developing pneumonia. A sensitivity analysis was performed including only patients aged 60 years and older to investigate whether there is any difference in the study outcomes as older patients are known to be vulnerable to develop frailty syndrome. Statistical significance was set at P < 0.05.




RESULTS

A total of 1,051 inpatient VFSS reports were identified from January 2019 to December 2020. Of these, 190 patients were included in the analysis; the mean age of the patients was 75 ± 11 (range, 41–94) years, and 96 out of 190 patients (50.53%) were male. Among these, 47 patients (24.74%) had been diagnosed with pneumonia and no patient had died in the 3 months after VFSS. The demographic data of the patients with and without pneumonia are presented in Table 1. When comparing patients with and without pneumonia, no significant differences were found in age and sex between the two groups (Table 1).


Table 1. Demographic data of the study population and functional dysphagia scale (FDS) scores of the patients with and without subsequent pneumonia after VFSS.
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The distribution of PAS scores of patients with and without pneumonia is depicted in Figure 1. The results of the logistic regression analysis to determine the relative risk of developing pneumonia according to the PAS score are shown in Table 2. Patients who scored PAS 3, 7, and 8 had 5.829-, 3.176-, and 5.009-times higher risk of developing pneumonia, respectively, compared to patients who scored PAS 1 on the VFSS (p = 0.024, p = 0.020, and p = 0.004, respectively).


[image: Figure 1]
FIGURE 1. Distribution of PAS scores of patients with and without pneumonia.



Table 2. Odds ratio for development of subsequent pneumonia after VFSS according to PAS scores.
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The mean value of the FDS scores was 22.15 ± 19.48 in the patients without pneumonia and 31.28 ± 19.72 in the patients with pneumonia; the mean value of the FDS appeared significantly different between the two groups (p = 0.006) (Table 1). When analyzing subscores of the FDS, statistically significant differences were found in the “residue in the oral cavity” (p = 0.035), “laryngeal elevation and epiglottic closure” (p = 0.003), “residue in the valleculae” (p = 0.002), and “residue in the pyriform sinuses” (p = 0.009). For predicting pneumonia after VFSS, the area under the ROC curve of FDS was 0.639 (95% confidence interval, 0.549–0.728, p = 0.004) (Figure 2). The optimal cutoff value obtained from the maximum Youden's index (J) was 23.50 (sensitivity, 61.7%; specificity, 61.5%).
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FIGURE 2. The diagnostic value of the functional dysphagia scale (FDS) for predicting subsequent pneumonia after VFSS. The area under the receiver operating characteristic (ROC) curve of FDS for the prediction of subsequent pneumonia was 0.639 (95% confidence interval, 0.549–0.728, p = 0.004). The optimal cutoff value obtained from the maximum Youden's index (J) was 23.50 (sensitivity, 61.7%; specificity, 61.5%).


In the sensitivity analysis,168 patients were aged 60 years and older were included. Among these, 39 patients (23.21%) had been diagnosed with pneumonia. No significant difference was found in age and sex between patients with and without pneumonia (Supplementary Table 2), and the results of the logistic regression analysis of the PAS score showed similar results when compared to patients of all ages in that patients who scored PAS 3, 7, and 8 had significantly higher risk of developing pneumonia compared to patients who scored PAS 1 (OR = 7.200, p = 0.028; OR = 4.800, p = 0.010; and OR = 10.000, p = 0.001, respectively) (Supplementary Table 3). The mean value of the FDS scores was significantly higher in patients with pneumonia when compared to patients without pneumonia (31.03 ± 19.84 and 22.48 ± 19.46, respectively; p = 0.018), (Supplementary Table 2). In FDS subscore analysis, statistically differences were found in the “bolus formation” (p = 0.038), “laryngeal elevation and epiglottic closure” (p = 0.008), “residue in the valleculae” (p = 0.002), and “residue in the pyriform sinuses” (p = 0.013).



DISCUSSION

Aspiration pneumonia is a subtype of lung infection that is part of a continuum rather than a distinct entity, regardless of whether it is community-acquired pneumonia or hospital-acquired pneumonia (12). Among the known risk factors for aspiration pneumonia, including dysphagia, reduced consciousness, neurologic disorders, poor oral hygiene, dependency for feeding, tube feeding, sarcopenia, and gastroesophageal reflux disease (13), dysphagia is one of the most consistent factors, and it is prevalent not only in patients with neurologic diseases and head and neck diseases, but also in patients with frailty or general weakness without a specific diagnosis that may cause dysphagia (14–19). However, less is known regarding the incidence of subsequent pneumonia in this population, and the findings of VFSS are associated with an increased risk. This study followed 190 patients with dysphagia due to frailty or deconditioning without a specific diagnosis that may cause dysphagia for 3 months and analyzed VFSS findings for the risk of developing pneumonia. To the best of our knowledge, this is the first study to investigate this topic. During the study period, the incidence of subsequent pneumonia was 24.74%; regarding the VFSS findings, (1) airway penetration (PAS 3) and aspiration (PAS 7 and 8) were associated with increased risk of developing pneumonia, and (2) the FDS scores of the patients who developed subsequent pneumonia were higher than those of the patients who did not develop subsequent pneumonia.

The PAS was developed in 1996 by Rosenbek et al. to characterize the severity of airway invasion seen on VFSS by indicating the anatomical depth at which the food material enters and to allow clinicians to track changes in swallowing function over time (9). The association between airway invasion on VFSS and pneumonia has been well-documented in previous studies (20–22). Our data are consistent with those of previous studies in this regard. However, statistically significant results were only found for PAS scores of 3, 7, and 8. This might be explained by the relatively small number of patients with PAS 4, 5, and 6 in our study (5, 12, and 6 persons, respectively). In addition, previous studies have reported that PAS 2 is no longer regarded as abnormal (23), and PAS 4 and 6 are rarely observed (24, 25), which is consistent with our findings.

In addition to PAS, we evaluated the swallowing status using FDS. It was originally developed for quantifying functional dysphagia in stroke patients (10), but it has also been used to evaluate swallowing function in patients with various diseases, including stroke, Parkinson's disease, and head and neck cancer (20, 26–28). Our data suggest that FDS might be useful for evaluating patients with dysphagia due to frailty or general weakness. In addition, significantly larger amounts of oral and pharyngeal residues, as well as reduced laryngeal elevation and epiglottic closure, were observed in patients with pneumonia compared to patients without pneumonia, consistent with previous studies (29, 30). However, in the ROC analysis, the area under the ROC curve was 0.639, which indicated poor diagnostic value of FDS in predicting subsequent pneumonia in this population (31), that might have resulted from the fact that the FDS was originally tested for detecting aspiration and not pneumonia (10). Not every patient with documented aspiration on an instrumental test develops subsequent pneumonia, although airway aspiration significantly increases the risk of pneumonia (15).

The results of the sensitivity analysis, in which only patients ≥ 60 years were included, were similar to original test results except for the fact that scores for the “residue in the oral cavity,” which was significantly different between the two groups in the original analysis, was not significantly different in the sensitivity analysis. Instead, the scores for the “bolus formation” was significantly higher in patients with subsequent pneumonia in the sensitivity analysis. However, although these were statistically significant, they might not be clinically significant, considering the small mean differences of the two subscores between patients with and without pneumonia.

Considering the rapid aging of the global population, it is expected that the prevalence of dysphagia in frailty might also increase. In addition, a recent study found that the prognosis of dysphagia outcome, a higher mortality rate during the 54-month follow-up period after VFSS, is affected by the etiology of dysphagia rather than the severity of aspiration determined by PAS, and the worst outcome was observed in patients with dysphagia due to frailty or generalized deconditioning when compared to patients with dysphagia due to stroke, neurologic diseases, trauma, surgery, or laryngeal pathologies (32). However, only patients with aspiration (a PAS score ≥ 5) were included and VFSS findings other than PAS scores were not considered in that study. Therefore, it remains unclear which findings of the VFSS are associated with subsequent pneumonia and how many patients actually develop subsequent pneumonia in this population. We tried to obtain more comprehensive clinical information by including all inpatient VFSS conducted at our hospital during the study period so that all patients with symptoms or signs of dysphagia could be included in the analysis. Our study findings might assist clinicians in making clinical decisions based on the VFSS findings in this population.

However, this study had several limitations. First, this is a retrospective study; therefore, some data that might add more value to the study were not available, such as frailty scores or the severity of disease at the time of VFSS because the tests required for calculating them were not routinely performed. In addition, patients who developed pneumonia but did not come to our institution for follow-up care after they were discharged home or to other institutions such as secondary hospitals or long-term care facilities might have been omitted from the calculation of the incidence of pneumonia, therefore underestimating the prevalence of subsequent pneumonia. Second, the follow-up period was relatively short: the 3 months after the VFSS. Lastly, this study was conducted in a single tertiary academic hospital, which might affect the generalizability of the interpretation of the study findings. Further large-scale prospective studies are required to achieve a comprehensive understanding of dysphagia in frailty or general weakness, without specific diseases that cause dysphagia.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Institutional Review Board of Yeungnam University Hospital. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

MC and SK conceived the idea, determined the study design, collected data, performed the statistical analysis, and drafted and revised the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This research was funded by Gyeongsan Medichallenger program. The present study was supported by a National Research Foundation of Korea grant funded by the Korean government (Grant no. NRF-2019M3E5D1A02068106).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.690968/full#supplementary-material



REFERENCES

 1. Chen X, Mao G, Leng SX. Frailty syndrome: an overview. Clin Interv Aging. (2014) 9:433–41. doi: 10.2147/CIA.S45300

 2. Larsson L, Degens H, Li M, Salviati L, Lee YI, Thompson W, et al. Sarcopenia: aging-related loss of muscle mass and function. Physiol Rev. (2019) 99:427–511. doi: 10.1152/physrev.00061.2017

 3. Bahat G, Yilmaz O, Durmazoglu S, Kilic C, Tascioglu C, Karan MA. Association between dysphagia and frailty in community dwelling older adults. J Nutr Health Aging. (2019) 23:571–7. doi: 10.1007/s12603-019-1191-0

 4. Byun SE, Kwon KB, Kim SH, Lim SJ. The prevalence, risk factors and prognostic implications of dysphagia in elderly patients undergoing hip fracture surgery in Korea. BMC Geriatr. (2019) 19:356. doi: 10.1186/s12877-019-1382-x

 5. Wang T, Zhao Y, Guo A. Association of swallowing problems with frailty in Chinese hospitalized older patients. Int J Nurs Sci. (2020) 7:408–12. doi: 10.1016/j.ijnss.2020.09.005

 6. Farri A, Accornero A, Burdese C. Social importance of dysphagia: its impact on diagnosis and therapy. Acta Otorhinolaryngol Ital. (2007) 27:83–6.

 7. Sura L, Madhavan A, Carnaby G, Crary MA. Dysphagia in the elderly: management and nutritional considerations. Clin Interv Aging. (2012) 7:287–98. doi: 10.2147/CIA.S23404

 8. Chun MH, Kim D, Chang MC. Comparison of dysphagia outcomes between rostral and caudal lateral medullary infarct patients. Int J Neurosci. (2017) 127:965–70. doi: 10.1080/00207454.2017.1282479

 9. Rosenbek JC, Robbins JA, Roecker EB, Coyle JL, Wood JL. A penetration-aspiration scale. Dysphagia. (1996) 11:93–8. doi: 10.1007/BF00417897

 10. Han TR, Paik NJ, Park JW. Quantifying swallowing function after stroke: a functional dysphagia scale based on videofluoroscopic studies. Arch Phys Med Rehabil. (2001) 82:677–82. doi: 10.1053/apmr.2001.21939

 11. Steele CM, Grace-Martin K. Reflections on clinical and statistical use of the penetration-aspiration scale. Dysphagia. (2017) 32:601–16. doi: 10.1007/s00455-017-9809-z

 12. Mandell LA, Niederman MS. Aspiration pneumonia. N Engl J Med. (2019) 380:651–63. doi: 10.1056/NEJMra1714562

 13. Rodriguez AE, Restrepo MI. New perspectives in aspiration community acquired pneumonia. Expert Rev Clin Pharmacol. (2019) 12:991–1002. doi: 10.1080/17512433.2019.1663730

 14. Tomita S, Oeda T, Umemura A, Kohsaka M, Park K, Yamamoto K, et al. Video-fluoroscopic swallowing study scale for predicting aspiration pneumonia in Parkinson's disease. PLoS ONE. (2018) 13:e0197608. doi: 10.1371/journal.pone.0197608

 15. Schmidt J, Holas M, Halvorson K, Reding M. Videofluoroscopic evidence of aspiration predicts pneumonia and death but not dehydration following stroke. Dysphagia. (1994) 9:7–11. doi: 10.1007/BF00262752

 16. Payne M, Morley JE. Editorial: dysphagia, dementia and frailty. J Nutr Health Aging. (2018) 22:562–5. doi: 10.1007/s12603-018-1033-5

 17. Morgan AS, Mackay LE. Causes and complications associated with swallowing disorders in traumatic brain injury. J Head Trauma Rehabil. (1999) 14:454–61. doi: 10.1097/00001199-199910000-00006

 18. Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasell R. Dysphagia after stroke: incidence, diagnosis, and pulmonary complications. Stroke. (2005) 36:2756–63. doi: 10.1161/01.STR.0000190056.76543.eb

 19. Seo ZW, Min JH, Huh S, Shin YI, Ko HY, Ko SH. Prevalence and severity of dysphagia using videofluoroscopic swallowing study in patients with aspiration pneumonia. Lung. (2021) 199:55–61. doi: 10.1007/s00408-020-00413-7

 20. Kim L, Chun MH, Kim BR, Lee SJ. Effect of repetitive transcranial magnetic stimulation on patients with brain injury and dysphagia. Ann Rehabil Med. (2011) 35:765–71. doi: 10.5535/arm.2011.35.6.765

 21. Langmore SE, Terpenning MS, Schork A, Chen Y, Murray JT, Lopatin D, et al. Predictors of aspiration pneumonia: how important is dysphagia? Dysphagia. (1998) 13:69–81. doi: 10.1007/PL00009559

 22. Pikus L, Levine MS, Yang YX, Rubesin SE, Katzka DA, Laufer I, et al. Videofluoroscopic studies of swallowing dysfunction and the relative risk of pneumonia. AJR Am J Roentgenol. (2003) 180:1613–6. doi: 10.2214/ajr.180.6.1801613

 23. Daggett A, Logemann J, Rademaker A, Pauloski B. Laryngeal penetration during deglutition in normal subjects of various ages. Dysphagia. (2006) 21:270–4. doi: 10.1007/s00455-006-9051-6

 24. Kelly AM, Drinnan MJ, Leslie P. Assessing penetration and aspiration: how do videofluoroscopy and fiberoptic endoscopic evaluation of swallowing compare? Laryngoscope. (2007) 117:1723–7. doi: 10.1097/MLG.0b013e318123ee6a

 25. Martin-Harris B, Brodsky MB, Michel Y, Castell DO, Schleicher M, Sandidge J, et al. MBS measurement tool for swallow impairment–MBSImp: establishing a standard. Dysphagia. (2008) 23:392–405. doi: 10.1007/s00455-008-9185-9

 26. Ryu JS, Kang JY, Park JY, Nam SY, Choi SH, Roh JL, et al. The effect of electrical stimulation therapy on dysphagia following treatment for head and neck cancer. Oral Oncol. (2009) 45:665–8. doi: 10.1016/j.oraloncology.2008.10.005

 27. Lee JH, Lee KW, Kim SB, Lee SJ, Chun SM, Jung SM. The functional dysphagia scale is a useful tool for predicting aspiration pneumonia in patients with Parkinson disease. Ann Rehabil Med. (2016) 40:440–6. doi: 10.5535/arm.2016.40.3.440

 28. Kim DH, Choi KH, Kim HM, Koo JH, Kim BR, Kim TW, et al. Inter-rater reliability of videofluoroscopic dysphagia scale. Ann Rehabil Med. (2012) 36:791–6. doi: 10.5772/2260

 29. Molfenter SM, Steele CM. The relationship between residue and aspiration on the subsequent swallow: an application of the normalized residue ratio scale. Dysphagia. (2013) 28:494–500. doi: 10.1007/s00455-013-9459-8

 30. Rofes L, Arreola V, Romea M, Palomera E, Almirall J, Cabré M, et al. Pathophysiology of oropharyngeal dysphagia in the frail elderly. Neurogastroenterol Motil. (2010) 22:851–8, e230. doi: 10.1111/j.1365-2982.2010.01521.x

 31. Zweig MH, Campbell G. Receiver-operating characteristic (ROC) plots: a fundamental evaluation tool in clinical medicine. Clin Chem. (1993) 39:561–77. doi: 10.1093/clinchem/39.4.561

 32. Bock JM, Varadarajan V, Brawley MC, Blumin JH. Evaluation of the natural history of patients who aspirate. Laryngoscope. (2017) 127 (Suppl. 8):S1–10. doi: 10.1002/lary.26854

Conflict of Interest: The 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.

Copyright © 2021 Chang and Kwak. 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/fmed-08-690968-t001.jpg
Patients without subsequent pneumonia Patients with subsequent pneumonia p-value

Age 75.57 % 11.59 72.89 +9.45 0.154t
Gender (M:F) 6875 27:20 0239%
FDS total score 22,15+ 19.48 31.28 £19.72 0.006"
FDS subscore
Lip closure 0524175 0.74 +0.80 0.450"
Bolus formation 0.84 £ 1.49 134 £1.51 0.051"
Residue in oral cavity 124+ 146 179+ 168 0.035"
Oral transit time 1.59 + 2,66 247 £2.01 0234t
Triggering of pharyngeal swallow 3.02+ 463 340 +4.79 0.626
Laryngeal elevation and epiglottic closure 3.86+ 563 6.89 +6.00 0.003t
Nasal penetration 0.00 £ 0.00 0.09+1.58 0.323"
Residue in valleculae 4.42£331 621352 0.002¢
Residue in pyriform sinuses 364845 536+ 8.94 0.000"
Coating of pharyngeal wall after swallow 1.94+396 191398 0965t
Pharyngeal transit time 1.06+1.77 1.86.+1.92 0327t

Values are presented as number or mean  standard devation.
T p-value was calculated using an independent t-test.

*p-value was calculated using the chi-square test.

Bold numbers are significant at p < 0.05.





OPS/images/fmed-08-690968-t002.jpg
PAS score OR 95% Confidence interval

Lowerbound  Upper bound

1 1.0

2 2242 0569 8.832
3 5.829 1.257- 27.022
4 1.821 0.177 18.709
5 1.457 0.263 8.068
6 1.457 0.148 14.357
7 3.176 1.199 8.411
8 5.009 1.665 15.071

T p-value was calculated using logistic regression test.
Bold numbers are significant at p < 0.05.
PAS, penetration-aspiration scale.

p-valuet

0.249
0.024
0.614
0.666
0.747
0.020
0.004





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Videofluoroscopic Swallowing Study Findings Associated With Subsequent Pneumonia in Patients With Dysphagia Due to Frailty



		Introduction



		Methods



		Patient Selection and Data Collection



		Statistical Evaluation







		Results



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Videofluoroscopic Swallowing Study
Findings Associated With
Subsequent Pneumonia in Patients
With Dysphagia Due to Frailty





OPS/images/fmed-08-690968-g001.gif
Patnt withprsmonis






OPS/images/fmed-08-690968-g002.gif
o Spocsny 06)









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





