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[bookmark: _GoBack]ABSTRACT 
Purpose: To compare clinical outcomes associated with pediatric oropharyngeal dysphagia, before and after videofluoroscopic swallow study (VFSS) and feeding strategies recommendations.
Methods: A longitudinal, analytical uncontrolled study with evaluation before and after VFSS was performed. Children between 0 and 24 months were included in the study. Each participant received recommendations for the therapeutic management of oropharyngeal dysphagia after the VFSS, as well as follow-up care at a hospital Outpatient Clinic for Pediatric Dysphagia in order to monitor feeding and swallowing complaints. The respiratory and feeding outcomes were compared.
Results: A penetration/aspiration event was observed in 61% of the videfluoroscopic exams (n=72). Feeding strategies to improve biomechanical coordination and swallowing safety were required for 97% of the examined children. After the exam, there was a reduction in the use and length of antibiotic therapy (p=0.036), in the number of children who had been admitted to hospital (p<0.001), in the frequency (p=0.037), and in the length of hospitalization (p=0.025). There was an increase in combined oral and enteral feeding in relation to isolated feeding routes (p=0.002). 
Conclusions: This study data shows a high prevalence of penetration / aspiration in VFSS in this population. The therapeutic management of oropharyngeal dysphagia, guided by objective examinations, was associated with a decrease in respiratory morbidity in children included. 
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1 INTRODUCTION
Swallowing and feeding depend on the active coordination of the oropharyngeal mechanism, craniofacial structure, gastrointestinal tract, cardiopulmonary, musculoskeletal and central and peripheral nervous systems 1. Oropharyngeal dysphagia (OPD) refers to any alteration to the oral and/or pharyngeal mechanisms during the stages of swallowing 2.
The diagnostic rate of pediatric OPD has been on the rise due to improvements in diagnostic techniques and treatment received by children with complex health conditions 2-4. OPD is related to the risk of aspiration of secretions, liquids, or foods 5, either acute or recurrent, representing a serious cause of morbidity and mortality for the child and of morbidity for their caregivers 1,6,7,8. Even after treatment strategies, some children with OPD continue to present with lower respiratory infections and other respiratory disease 7.
Dysfunction of swallowing biomechanics, verified by videofluoroscopic swallowing study (VFSS), has been associated with greater respiratory morbidity 9-15. Little is known of the VFSS’ predictive value and to what extent it may affect OPD management, especially in the respiratory, nutritional and developmental aspects of the dysphagic patient 13,14. Thus, it is necessary to analyze the implementation of videofluoroscopic examination and therapeutic management to obtain greater effectiveness in approaching those patients with OPD at risk of hospitalization, antibiotic therapy, and establishing alternative feeding routes, that can be associated with better respiratory outcomes.
2 METHODS
This is an uncontrolled longitudinal and analytical study approved by the Institutional Research Ethics Committee of Hospital de Clínicas de Porto Alegre (number 2015.0418). Patients aged between 0 and 24 months of age who had undergone a VFSS to investigate and manage OPD were included. Children were excluded if their electronic medical record did not contain information regarding the VFSS, or if fewer than six months had passed since examination had been carried out. All the children were referred for follow-up at a hospital Outpatient Clinic for Pediatric Dysphagia after VFSS.
The outcomes of interest were compared between equal periods of six months before and after of the VFSS. For children under six months of age who had undergone the exam, the analysis period prior to VFSS corresponded to their age. Recorded outcomes were feeding route, hospitalization, and antibiotic therapy treatment for respiratory disease. After VFSS results were analysed, the guardians of each child were given guidance on OPD treatment, based on the recommendations of the American Speech-Language-Hearing Association (ASHA) 16 and followed by the hospital Outpatient Clinic for Pediatric Dysphagia.
All VFSS were carried out via continuous fluoroscopy, with a maximum total duration of 150 seconds, using Seimens Axiom Iconos R100 equipment. Barium sulphate was added to the food at a dilution of 30%. Results were stored digitally. The speech-language pathologist and radiologist involved in the completion and analysis of the exam had at least 20 years of experience in pediatric OPD and radiologic swallowing studies. They were blind to any potential previous swallowing clinical examinations.
VFSS images were obtained with the patient in a latero-lateral position. The child’s legal guardian was given the opportunity to accompany the patient, wearing the required protective equipment. The variables considered for this study were the presence or absence of isolated laryngeal penetration and the presence or absence of aspiration. The most severe finding among all consistencies tested was reported. For children with previous or current evidence of aspiration not all consistencies were tested, considering that aspiration was a concern.
The primary therapeutic strategies recommended 16 were modifications to consistency, posture, positioning, and utensils. During the VFSS, efforts were made to maintain established home practices for each patient, though modifications aiming swallowing safety were strategically integrated when necessary. 
Patients characterization included neonatal data. For premature children, the child’s age was corrected according to the gestational age at birth for analysis. Risk factors for OPD, such as central nervous system impairment, respiratory and genetic disease, were categorized.
The outcomes related to respiratory disease included the use of antibiotic therapy (length in days) and hospitalization (length in days and number of hospitalizations). Medical diagnoses for respiratory disease consisted of pneumonia, asthma, bronchiolitis, bronchitis, acute respiratory failure, and other infections of the upper and lower airways. Respiratory diseases were analysed together, due to the diagnostic complexity of signs and symptoms in OPD.
Feeding routes were classified as exclusively oral, combined oral and enteral, or exclusively enteral. Therapeutic management, including feeding route and feeding strategies after VFSS, were differentiated by the absence of modifications (without the necessity of strategies or change of route), strategies to maintain or begin oral route, suspend or maintain suspension of oral route (counterindication of oral route and mandatory referral for speech-language therapy) or strategy to maintain or begin oral route in combination with enteral route. 
The Kolmogorov-Smirnov test was carried out to analyse the normality of variance. Variables were described using median and interquartile range (Md (IIQ25-IIQ75)) for continuous variables, and absolute and relative frequencies N (%) for categorical variables. Categorical variables were analysed using Fisher’s exact test or Pearson’s chi-squared test.
When dealing with paired groups, the McNemar and de Wilcoxon tests were used. Unpaired groups were compared using the Mann-Witney U test or the Kruskal-Wallis test. Analysis was carried out using the Statistical Package for the Social Sciences SPSS, version 21.0. The level of significance adopted was p<0.05.
3 RESULTS
The final study group was comprised of 72 children. The clinical characteristics of patients are presented in Table 1. (TABLE 1)
At the time of VFSS, the majority of patients showed penetration / aspiration. The aspiration events were silent in the majority of cases. Although 38.9% of the children had a VFSS without penetration / aspiration, only two subjects (2.8%) did not receive a recommendation to change their feeding strategy (Table 2). (TABLE 2)
Children who showed penetration / aspiration in VFSS were younger (4.5, 1-12.75 months) than those who did not present it (8.5, 4.25-15.75 months) (p=0.039). Children with prematurity as a factor associated with OPD (n=28) showed VFSS results with a higher frequency of penetration / aspiration (n=20, 71.42%) than those born at term (n=19, 51.35%), although did not show a significant difference (p=0.129).
When comparing between equal periods of six months before and after VFSS, there was a reduction regarding respiratory outcomes, in the number of children who were hospitalized (p<0.001), in the number of hospitalizations (p=0.037) and in the length of days hospitalized (p=0.025) after VFSS and the implementation of feeding strategies. Likewise, there was a reduction in the number of children who underwent antibiotic therapy and in the length of antibiotic therapy use (p=0.036). When comparing feeding routes between equal periods of six months before and after VFSS, there was an increase in combined oral and enteral routes (p=0.002). (TABELA 3)

4 DISCUSSION

The present study analysed clinical outcomes before and after VFSS in a group of children that were referred to a hospital Outpatient Clinic for Pediatric Dysphagia. A reduction was observed in the frequency and length of hospital stay, as well as in the length of antibiotic therapy for respiratory disease. In the period following VFSS and recommended feeding strategies, the number of children who were admitted to hospital and who used antibiotic therapy was also lower. Throughout follow-up, the prevalence of children with combined oral and enteral routes increased, compared to isolated routes. The change in the nutrition feeding route during the follow-up period warns to the importance of a tailored treatment.
The predominance of children under 12 months of age at the time of VFSS in the present study, as well as the association between penetration / aspiration in children with younger age, is justified by the process of infant physiological maturation. Safe swallowing requires the active coordination of the nervous, central, and peripheral systems, the cardiopulmonary system and the gastrointestinal tract, which develop through childhood 1,17. In addition to the process of maturation, fewer alterations in VFSS in older children may reflect the adopting of better adapted feeding processes by the child’s guardians, spontaneously or under professional supervision. 
This study data shows a high prevalence of penetration / aspiration in VFSS in this population, demonstrating appropriate clinical criteria from the multidisciplinary health professional team for exam referral. Due to the risk of radiation exposure, VFSS referrals should be carefully considered, ideally in conjunction with clinical evaluation of swallowing by an experienced professional, where suggestive factors of aspiration can be identified 2,7. The absence of airway protection responses to aspiration (silent aspiration) was predominant in the current study, which corroborates the establishment of findings in the pediatric population 2,18,19, especially in children under 24 months of age when maturation of vagal protective response is incomplete 2.
Feeding strategies adopted after VFSS for most children in this study, even for those with less evident changes such as penetrationn / aspiration, are justified by the primary objective of the exam, which is to assess feeding safety and the effectiveness of compensatory feeding strategies 2,7. Data demonstrate that during the follow-up at a hospital Outpatient Clinic for Pediatric Dysphagia, there was a modification of strategies, despite the absence of severe VFSS objective findings. Hence, it is the authors’ opinion that VFSS findings alone does not provide appropriate evaluation and management for all children with OPD 10, since diagnosis and treatment of OPD includes both the clinical impression, considering clinical evaluation and episodes of aspiration pneumonia, and the objective finding of alterations in swallowing biomechanics 20.
The detection of OPD through VFSS, integrated with therapeutic management, was associated in the current study with a reduction in respiratory morbidity. This suggests that airway protection can be achieved with greater attention to OPD. We identified two studies that evaluated outcomes before and after interventions in children with neurodevelopmental impairment. SILVERIO and HENRIQUE 21 observed a decrease in respiratory events after speech and language therapy; however, their findings were based only on clinical diagnostic protocols for OPD. SULLIVAN et al 22 performed VFSS in some of their patients, and observed a decrease in the number of lung infections after performing a gastrostomy.
Many children in the current study had a combined oral and enteral route introduced during the follow-up period. This demonstrates that the oral route was initiated in patients who had exclusively used the enteral route, in addition to there being an increase in the number of children originally receiving oral feeding, who started to receive a combined oral-enteral feeding. These findings could suggest that the nutritional factor was one of the relevant reasons for the recommendation of complimentary feeding routes, OPD not being the sole reason. Previous studies proposed the hypothesis 6 or proved the association 23 between diseases manifested during the follow-up study and the failure of exclusive oral route feeding. There is also the consensus that some patients do not obtain proper nutrition using only the oral route alone 7,24.
Speech-language therapy for pediatric OPD, based on objective examination, may have contributed to a reduction in respiratory morbidity, a relevant aspect to the well-being of the children and their family.
[bookmark: _Toc26028939]The limitations of the present study are the retrospective methodology, the inexistence of a control group, the consideration of different respiratory diagnoses related to the indication of antibiotic therapy and hospitalization, and the heterogeneity of included patients. Studies with homogeneous populations and randomised interventions should be carried out in order to clarify the impact of OPD and its management with respiratory morbidity, to improve the quality of life of the children and their families, and to promote the standing of structured referral units, which are still lacking in most centers. 
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TABLE 1.  Clinical characteristics of patients (n=72).
	Age 
	6 (2 – 13.75)

	   <12 months 
	50 (69.4)

	   ≥12 months
	22 (30.6)

	Newborn characteristics
	

	   Male
	44 (61.1)

	   Median gestational age (week + days) (n=65)
	37 + 2 (34 + 5 – 39)

	   Premature birth (n=65)
	28 (43,1%)

	   Low birthweight (n=45)
	14 (26,9%)

	   Length of hospital stay (days) (n=71)
	37 (13,5 – 60)

	Factors associated with OPD
	

	   Respiratory Disease 
	49 (68.1)

	   Genetic Disease 
	33 (45.8)

	   CNS Impairment 
	33 (45.8)

	   Upper airway surgery 
	23 (35.9)

	   Cardiac impairment 
	25 (34.7)

	   Digestive impairment
	18 (25)

	   Prematurity
	28 (43.1)

	   Total Associated Factors 
	2 (1 - 2)


OPD: Oropharyngeal Dysphagia. CNS: Central Nervous System


TABLE 2. Characteristics of videofluoroscopic swallowing study and feeding strategy recommended (n=72).
	VFSS Result
	

	   Absence of penetration / aspiration 
	28 (38.9)

	   Penetration alone
	25 (34.7)

	   Aspiration 
	19 (26.4)

	      Silent Aspiration (n=19)
	17 (89.47)

	      Aspiration with cough (n=19)
	2 (10.53)

	Feeding Strategy
	

	   Feeding strategy not required
	2 (2.8)

	   Feeding through oral route only
	37 (51.4)

	   Initiate or maintain feeding exclusively through enteral route 
	18 (25)

	   Oral + enteral routes
	15 (20.8)


OPD: Oropharyngeal Dysphagia. CNS: Central Nervous System. VFSS: Videofluoroscopic Swallowing Study

TABLE 3. Hospitalization and antibiotic therapy for respiratory disease and feeding route six months before and after videofluoroscopic swallowing study (n=72).
	
	Before VFSS
	
	After VFSS
	P

	Hospitalized children
	61 (84.7)
	
	34 (47.2)
	<0.001

	Number of hospitalizations 
	1 (1 – 2)
	
	0 (0 – 1)
	0.037

	Length of hospital stay (days) 
	32 (17.75 – 70.5)
	
	23 (9.75 – 57.5)
	0.025

	Use of antibiotic therapy
	44 (61.1)
	
	28 (38.9)
	0.011

	Days of antibiotic therapy
	20 (11.75 – 35.5)
	
	14.5 (10 – 22.25)
	0.036

	Feeding route
	
	
	
	

	   Orala
	31 (43.1)
	
	29 (40.3)
	0.842

	   Oral + Enteralb
	22 (30.6)
	
	25 (34.7)
	0,711

	   Enteralc
	19 (26.4)
	
	18 (25)
	1


VFSS: Videofluoroscopic Swallowing Study. (a + c) x b = p = 0.002
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