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ABSTRACT 
 

Oropharyngeal dysphagia (OD) affects 40-78% of acute stroke patients. OD impairs swallow 

efficacy and safety, causing complications such as dehydration, malnutrition and aspiration, 

leading to respiratory infections and poorer quality of life (QoL) and clinical prognosis. Few 

studies have assessed the health-economic costs associated with post-stroke OD (PS-OD) 

and its complications, and the efficiency of its management. This doctoral thesis has the 

following objectives: (a) to assess and synthesise evidence on the costs associated with OD 

and its complications (malnutrition and respiratory infections);  (b) to assess the acute, 

subacute (3 months) and long-term (12 months) costs of PS-OD and its complications; (c) 

to assess and synthesise the available evidence on the cost-effectiveness of PS-OD 

management; (d) to assess the cost and cost-utility of adding neurostimulation strategies with 

sensory (SES) or motor (NMES) transcutaneous electrical stimulation (TES) to 

compensatory management of chronic PS-OD. 

 

This research project includes three studies with the following methodology and results. 

Study 1: Systematic review of the costs of OD and its complications after stroke. Main 

findings were (a) higher hospitalisation costs in patients requiring tube feeding in the United 

States of America (USA), in patients with ischaemic stroke (France and Switzerland), and 

in patients with OD and haemorrhagic stroke transferred to a rehabilitation centre in Taiwan;  

(b) independent cost increase in patients with OD during the first year after stroke in the 

USA, and (c) increase in hospitalisation costs associated with pneumonia (different 

countries), and with a higher risk of malnutrition in England. Study 2: Observational study 

of 395 patients consecutively admitted with acute stroke at Mataró Hospital without prior 

OD. OD caused a significant and independent increase in costs during hospitalisation 

(€789.68, p=0.011) and significantly higher costs at 3 and 12 months after stroke compared 

with patients without OD (3 months: €8242.0 ± €5376.0 vs. €5320.0 ± €4053.0, p < 0.0001; 

12 months: €11,617.58 ± €12,033.58 vs. €7242.78 ± €7402.55, p < 0.0001). These costs 

independently and significantly increased in patients whose nutritional status declined 

(€2303.38, p = 0.001) and those that suffered at least one episode of respiratory infection 

(€3034.08, p < 0.011) at 12-months follow-up. Study 3: Systematic review of economic 

evaluation of OD management after stroke. Main findings were (a) reduction in 

hospitalisation costs with: early assessment of OD in Denmark; protocolised OD 

management after thrombolysis in Australia, and use of commercially prepared thickened 
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fluids in the USA, (b) cost-effectiveness: of videofluoroscopy as a screening method through 

model-based analysis; of rehabilitation programs that included the management of OD in 

Thailand, and of home enteral nutrition in the United Kingdom and, (c) favourable 

incremental cost-utility ratio (ICUR) of modified texture diets using a gum-based thickener 

in Poland. Additionally, the cost and the cost-utility of adding TES (SES or NMES) to the 

compensatory management of chronic PS-OD were assessed from the hospital perspective. 

The mean treatment cost of TES at 12 months was €1096.79 ± €346.87, mainly attributed to 

healthcare facilities and specialised personnel requirements. Bivariate analysis showed a 

significantly higher incremental QoL for those patients in the SES group compared to the 

control group at 12 months (SES: 12.17 ± 35.57, and control: -2.07 ± 23.77, p=0.027), but 

non-significant differences for incremental quality-adjusted life-years (QALYs) (SES: 

0.0321 ± 0.1608, control: 0.0047 ± 0.1681, p=0.192 vs. control, and NMES: 0.0416 ± 

0.1274,  p=0.138 vs. control), nor when adjusted for confounders. 

 

The main conclusions are that (a) healthcare costs were higher in those patients who 

developed OD and its complications after stroke, (b) OD caused significantly higher and 

independent economic costs during stroke hospitalisation that were significantly increased 

with the worsening of nutritional status and development of respiratory infections at long 

term, (c) therapeutic interventions aimed at preventing OD complications tend to be cost-

effective and save costs and, (d) healthcare facilities and the need for specialised personnel 

were the main contributors to TES costs that improved swallow biomechanics and safety. 
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RESUM 
 

La disfàgia orofaríngia (DO) afecta un 40-78% dels pacients amb ictus agut. La DO 

empitjora l’eficàcia i la seguretat de la deglució, causant complicacions com deshidratació, 

malnutrició i aspiracions que porten a desenvolupar infeccions respiratòries i a pitjor qualitat 

de vida i pronòstic. Pocs estudis han avaluat els costos associats a la DO després de l’ictus i 

les seves complicacions, i l’eficiència del seu maneig. Els objectius d’aquesta tesi són: (a) 

avaluar i sintetitzar l’evidència disponible en els costos associats a la DO i les seves 

complicacions (malnutrició i infeccions respiratòries); (b) avaluar els costos aguts, subaguts 

(3 mesos) i a llarg termini (12 mesos) de la DO després de l’ictus i les seves complicacions; 

(c) avaluar i sintetitzar l’evidència disponible sobre el cost-efectivitat del maneig de la DO 

després de l’ictus; (d) avaluar el cost i el cost-utilitat d’afegir una estratègia 

neurorestimuladora amb estimulació elèctrica transcutània (EET) sensorial (SES) o motora 

(NMES) al maneig compensador en pacients amb DO crònica després de l’ictus. 

 

Aquest projecte de recerca inclou 3 estudis amb la següent metodologia i resultats. Estudi 1: 

Revisió sistemàtica sobre els costos de la DO després de l’ictus i les seves complicacions. 

Es van observar (a) majors costos d’hospitalització en pacients nodrits per sonda als Estats 

Units d’Amèrica (EUA), en pacients amb DO i ictus isquèmic (França i Suïssa), i en aquells 

amb ictus hemorràgic i DO traslladats a un centre de rehabilitació a Taiwan; (b) increment 

independent del cost en pacients amb DO durant el primer any després de l’ictus als EUA, i 

(c) increment en els costos d’hospitalització associats amb la pneumònia (diversos països), i 

amb risc de malnutrició major a Anglaterra. Estudi 2: Estudi observacional en 395 pacients 

ingressats de forma consecutiva a l’Hospital de Mataró amb ictus agut sense DO prèvia. La 

DO va suposar un increment significatiu i independent dels costos sanitaris durant 

l’hospitalització (€789.68, p=0.011) i costos significativament majors als 3 i als 12 mesos 

comparat amb aquells pacients sense DO (3 mesos: €8242.0 ± €5376.0 enfront €5320.0 ± 

€4053.0, p<0.0001; 12 mesos: €11,617.58 ± €12,033.58 enfront €7242.78 ± €7402.55, 

p<0.0001). Aquests costos van incrementar de forma significativa i independent amb 

l’empitjorament de l’estat nutricional (€2303.38, p=0.001) i al patir almenys un episodi 

d’infecció respiratòria  (€3034.08, p<0.011) a l’any de seguiment. Estudi 3: Revisió 

sistemàtica sobre avaluacions econòmiques en el maneig de la DO després de l’ictus. Es van 

observar (a) reducció en els costos d’hospitalització amb: l’avaluació precoç de la DO a 

Dinamarca; protocol·litzant el seu maneig després de la trombòlisi a Austràlia, i utilitzant 
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fluids espessits preparats comercialment als EUA, (b) cost-efectivitat de: la 

videofluoroscòpia com a mètode de cribratge segons un model de decisió; de programes de 

rehabilitació que van incloure l’atenció a la DO a Tailàndia, i de la nutrició enteral 

domiciliària al Regne Unit i, (c) rati cost-utilitat incremental (ICUR) favorable de les dietes 

de textura modificada utilitzant un espessidor a base de gomes a Polònia. Addicionalment, 

es va avaluar el cost i el cost-utilitat d’afegir l’EET (SES o NMES) al maneig compensador 

de la DO en pacients amb DO crònica després de l’ictus. El cost mitjà del tractament amb 

l’EET als 12 mesos va ser de €1096.79±346.87, majoritàriament atribuït al cost de les 

instal·lacions sanitàries i del personal especialitzat. L’anàlisi bivariat va mostrar una qualitat 

de vida incremental major per aquells pacients en el grup tractat amb SES comparat amb el 

grup control als 12 mesos (SES: 12.17 ± 35.57, i control: -2.07 ± 23.77, p=0.027), però no 

diferències significatives en el cas dels anys de vida ajustats per qualitat (AVAQ) 

incrementals (SES: 0.0321 ± 0.1608, control: 0.0047 ± 0.1681, p=0.192 enfront control, i 

NMES: 0.0416 ± 0.1274,  p=0.138 enfront control), ni ajustant per factors de confusió. 

 

Les principals conclusions són: (a) majors costos en aquells pacients que van desenvolupar 

DO i les seves complicacions després de l’ictus, (b) la DO comporta costos econòmics 

significativament majors i independents durant l’hospitalització per ictus que s’incrementen 

significativament amb el desenvolupament de malnutrició i infeccions respiratòries a llarg 

termini, (c) les intervencions terapèutiques destinades a prevenir les complicacions de la DO 

tendeixen a ser cost-efectives i estalviar costos i,  (d) les instal·lacions sanitàries i els 

requisits de personal especialitzat van ser els principals contribuents als costos de l’EET que 

va millorar la biomecànica i la seguretat de la deglució. 
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1 INTRODUCTION       
 
1.1 Swallowing: an overview 
 
1.1.1 The physiology of swallowing  
 

Swallowing is a physiological process that involves the transfer of food (solids and liquids) 

from the oral cavity to the esophagus, passing through the pharynx. It is a complex process, 

given that it involves the passage of food through different anatomical structures. It 

simultaneously requires coordination between the digestive, respiratory, and central nervous 

systems. The process of swallowing requires the coordinated and rapid participation of more 

than 30 pairs of muscles of the mouth, pharynx, larynx, and esophagus, both to be effective 

and to ensure the safety of the respiratory system.[1]-[4] 

 

1.1.2 Anatomy of swallowing 
 

-Oral cavity 

The oral cavity and the tongue comprise the first portion of the digestive tract. These 

anatomical structures are involved in the processes of mastication, tasting, salivation and 

swallowing, and the articulation and resonance of speech. The following paragraphs explain 

the main anatomical structures present in the oral cavity: the vestibule, the buccal cavity and 

the tongue.  

 

Vestibule 

The vestibule is a peripheral area of the oral cavity located between the lips, cheeks and 

gingivodental arches. Its entrance opens to the outside through the upper and lower lips and 

their union forms the labial seal. 

 

Buccal cavity 

The buccal cavity is divided into different areas with specific functions that contribute to the 

ingestion and preparation of food for digestion. These structures, located in the central part 

of the mouth, are anatomically and structurally complex and work together to facilitate 

essential functions such as mastication, salivation and swallowing of food. 
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The buccal cavity is delimited as follows: (a) anteriorly and laterally by the gingivodental 

arches, which include the gums and teeth, (b) upward by the palatal vault, (c) downward by 

the base of the mouth and, (d) backwards with the pharynx through the isthmus of the throat. 

 

The palate is comprised of two distinct parts: (a) the hard palate or palatal vault, which 

occupies the anterior two-thirds of this anatomical structure, and which is formed by the 

maxillary and the palatine bones, covered by a mucous layer and another glandular layer 

and, (b) the soft palate, which is a muscle-membranous structure positioned in its posterior 

third and which separates the nasopharynx from the oropharynx. At the posterior part of the 

soft palate, there is a central prolongation called the uvula, and four lateral prolongations. 

These lateral structures of the soft palate include: (a) the palatoglossal arches (or anterior 

pillars, which form the first row of arches in the mouth and are located anterior to the tonsils) 

and, (b) the palatopharyngeal arches (or posterior pillars, structures that form the second row 

of arches, located behind the tonsils and which are responsible for delimiting the posterior 

part of the oral cavity). [5] 

 

Tongue 

The tongue, located in the central part of the base of the mouth, is composed of striated 

muscle covered with mucosa. The tongue is an organ with a great capacity for movement. 

Its main movements can be classified into three categories: retraction, projection and 

articulation. These characteristics allow the tongue to form and propel the alimentary bolus. 

In addition, the tongue contains the taste buds, which allow the perception of tastes. 

 

Anatomically, the terminal sulcus separates the tongue in the root and the body. The root 

constitutes the anterior part of the oropharynx and is connected to the soft palate and 

epiglottis by the palatoglossal arches and the glossoepiglottic folds, respectively. In addition, 

it has alimentary canals on both lateral sides that lead the alimentary bolus to the pharynx. 

The body constitutes the mobile section of the tongue and occupies most of the oral cavity. 

The dorsal side of the tongue is coated with a specialised mucosa comprising the taste buds, 

responsible for the perception of tastes (sweet, salty, sour, bitter and umami). [4]-[6] 
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-Pharynx 

The pharynx is the second section of the digestive tract and acts as a crossing between the 

respiratory system and the digestive system. It is a tubular structure that begins just behind 

the nasal cavities and mouth and extends to connect with the larynx, trachea and esophagus. 

Anatomically it is divided into 3 parts: the nasopharynx, the oropharynx and the 

laryngopharynx or hypopharynx.  

 

Nasopharynx 

The nasopharynx extends from the base of the skull to the velum of the palate. Its main 

functions are respiratory and phonetic. At the same time, the nasopharynx plays an important 

role in the swallowing process by preventing nasal regurgitation of the alimentary bolus. 

During this process, the velum of the palate rises and comes into contact with the posterior 

wall of the pharynx forming the velopharyngeal seal, and closing the communication 

between the oropharynx and nasopharynx. 

 

Oropharynx 

The oropharynx is located between the isthmus of the pharynx and the hyoid bone and 

communicates with the oral cavity. The oropharynx allows the transfer of air through the 

larynx and the alimentary bolus through the pharynx, performing respiratory and digestive 

functions. 

 

Laryngopharynx or hypopharynx 

The laryngopharynx or hypopharynx is the anatomical region at the posterior end of the 

pharynx, immediately above the esophagus. This essential structure for the human digestive 

and respiratory system is located between the hyoid bone and the lower end of the cricoid 

cartilage, at the level of the sixth cervical vertebra. It has the shape of a funnel and is located 

behind and parallel to the larynx (through which the air passes to the trachea). The piriform 

sinus is the continuation of the alimentary canals of the tongue and through which food 

passes on its way to the esophagus. The laryngopharynx has three layers: (a) the inner 

mucous layer, (b) the intermediate fibrous layer and (c) the outer muscular layer. The 

muscular wall contains five pairs of striated muscles: three constrictor or intrinsic muscles 

(superior, middle and inferior), which have transverse and oblique fibbers, and narrow the 

pharynx as the food bowl passes causing peristaltic movements and two elevator or extrinsic 

muscles that raise and shorten the pharynx during swallowing. [4], [5], [7] 
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-Larynx 

The larynx is located between the laryngopharynx and the trachea, and it lies anterior to the 

esophagus. The larynx is a fundamental structure of the respiratory system that houses the 

organ of phonation. It is a complex structure formed of a cartilaginous skeleton, joints, and 

ligaments that connect the cartilages, as well as the muscles that facilitate their movement, 

all covered by a mucosal lining covering its interior. The main cartilages of the larynx 

include: (a) the thyroid cartilage, the largest of all; (b) the cricoid cartilage, located just below 

the thyroid cartilage; (c) the arytenoid cartilages, two small cartilages that rest on the upper 

edge of the cricoid cartilage; and (d) the epiglottis, connected to the thyroid cartilage by the 

thyroepiglottic ligament, with its upper part free. 

 

The epiglottis performs an essential function during the swallowing process by protecting 

the airways. The epiglottis acts as a valve with a mechanism that prevents the alimentary 

bolus from entering the airways, diverting the bolus into the esophagus. During swallowing, 

the epiglottis moves backwards due to contraction of the aryepiglottic muscle, pressure from 

the base of the tongue, and upward and forward displacement of the hyoid bone. This 

movement closes the entrance to the respiratory tract and guides the alimentary bolus 

towards the hypopharynx, preventing the aspiration of food or liquids that could cause 

respiratory complications. 

 

The muscles of the larynx are formed by a set of muscles that work in a coordinated way to 

control its position and shape. These muscles can be grouped into two main groups: (i) the 

intrinsic muscles (posterior cricoarytenoid muscles, cricothyroid muscle, thyroarytenoid 

muscles and vocalis muscle) and the extrinsic muscles (laryngeal elevators and laryngeal 

depressors). The intrinsic muscles play an important role in phonation, allowing the tone and 

intensity of the voice to be varied by adjusting the tension, length and position of the vocal 

cords. In addition, they also play an important role in protecting the airways during 

swallowing, collaborating with other structures to close the glottis, and preventing the 

passage of food and liquids into the airways. The oblique arytenoid muscles help by 

approximating the arytenoid cartilages, contributing to the closure of the larynx and the 

aryepiglottic muscles participate in the movement that closes the larynx during swallowing, 

moving the aryepiglottic folds and arytenoid cartilages towards the epiglottis to protect the 

airway. On the other hand, the thyroepiglottic muscles, which extend from the thyroid 
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cartilage to the epiglottis, help to raise the epiglottis through its contraction and thus facilitate 

the opening of the larynx after swallowing. [4], [8], [9] 

 

Laryngeal vestibule, laryngeal ventricle and infraglottic cavity 

The laryngeal vestibule begins at the larynx and concludes at the vestibular folds or false 

vocal cords. The laryngeal ventricle is the following section, bounded superiorly by the 

vestibular folds and inferiorly by the true vocal cords or buccal folds. The final section is the 

infraglottic cavity, between the oral folds and the trachea. [8] 

 

-Esophagus 

The esophagus connects the larynx and the stomach and has as its main function the transport 

of food and liquids to the stomach. It is formed by a layer of smooth muscle covered by 

mucosa. Once the food enters the esophagus, the muscles in the muscular layer begin to 

contract causing peristaltic waves that drive the alimentary bolus into the stomach.  The 

esophagus contains two well-differentiated sphincters that regulate the passage of food and 

liquids and prevent reflux: the upper esophageal sphincter (UES) and the lower esophageal 

sphincter (LES). 

Upper esophageal sphincter (UES)  

Located in the neck region, at the height of the fifth or sixth cervical vertebra, it is located at 

the junction between the pharynx and the esophagus. It is a muscle band that includes the 

cricopharyngeal muscle and fibers of the inferior constrictor muscle of the pharynx. This 

anatomical structure prevents the entry of air into the digestive tract during breathing and 

reflux from the esophagus to the pharynx and opens allowing the entry of the bolus or the 

exit of vomit and air. 

Lower esophageal sphincter (LES) 

Located at the junction between the esophagus and the stomach, just above the diaphragm. 

It is a region of smooth and circular muscle that surrounds the distal part of the esophagus. 

It is not a clearly defined anatomical structure; it is a physiological sphincter that works like 

a valve. Its main function is to prevent the reflux of gastric contents into the esophagus, 

closing when food passes into the stomach. [6], [7], [10] 
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1.1.3 The swallowing process 
 

During the swallowing process, food passes from the mouth to the stomach where it arrives 

in the form of an alimentary bolus and undergoes a series of chemical and physical 

transformations starting the digestion process. It is a complex physiological function that 

requires a voluntary part and an involuntary part in the form of an automatic reflex. [11], 

[12] This process is divided into three phases controlled by specific sensory and motor nerve 

structures: the oral phase, the pharyngeal phase and the esophageal phase. [3]  

 

-Oral phase 

The oral phase of swallowing includes the processes of mastication, salivation, containment, 

formation and storage of the alimentary bolus and initiation of the swallowing reflex. This 

phase requires precise nerve control involving: (a) the cerebral cortex, (b) cranial pairs V 

(trigeminal), VII (facial) and XII (hypoglossal) and (c) the nerves that innervate the salivary 

glands and the orolingual muscles.  This phase is divided into two parts, the preparatory oral 

phase and the oral propulsion phase. During the oral preparation phase, the ingestion of 

solids and liquids must be explained separately. These are voluntary actions that include 

mastication and the formation of the alimentary bolus. Mastication is a synchronized 

mandibular cyclic process that allows food to be transported to the molars. During this 

process, the saliva hydrates, lubricates and begins the digestion of the food due to the enzyme 

α-amylase forming the alimentary bolus. In the case of liquids, the bolus is sealed in the oral 

cavity by the tongue (anteriorly) and by the hard palate (posteriorly). In the case of solids, 

the bolus is not sealed in the oral cavity since it is processed through mastication and 

manipulation. The oral propulsion phase is also voluntary and has as its main function the 

lingual propulsion of the bolus towards the oropharynx. During the oral propulsion phase, 

the tongue rises to move the bolus posteriorly into the oropharynx. This bolus remains in the 

oropharynx until it is aggregated in repeated cycles or until the pharyngeal phase begins. [3] 

 

-Pharyngeal phase 

The pharyngeal phase of swallowing occurs after the oral phase and is completely 

involuntary. This phase includes the oropharyngeal motor response and the process that takes 

place between the entry of the alimentary bolus into the pharynx and its exit through the 

UES. Stimulation of the pharyngeal mechanoreceptors initiates this phase by sending 

information to the central nervous system and initiating the oropharyngeal motor response 
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of swallowing. During this process, a temporary adaptation of the oropharyngeal architecture 

takes place, with the transition from being a respiratory tract to a digestive tract (coordinated 

opening and closing of structures such as the glossopalatine seal, the velopharyngeal seal, 

the laryngeal vestibule and the UES), allowing the propulsion of the alimentary bolus from 

the mouth to the esophagus. [13] After the opening of the glossopalatine seal with the entry 

of the alimentary bolus into the oropharynx, the soft palate rises, and the posterior wall of 

the pharynx moves into contact and forms the velopharyngeal seal to prevent nasal 

regurgitation of the alimentary bolus by closing the nasopharynx. Next and with the progress 

of the alimentary bolus through the pharynx, a series of adaptations take place that aim to 

protect the airway such as the adduction of the vocal cords and the arytenoid cartilages 

sealing the airway, the movement of the arytenoid cartilages contacting the base of the 

epiglottis and retroflexion of the epiglottis as a result of passive pressure by the base of the 

tongue and active contraction of the aryepiglottic muscles with closure of the laryngeal 

vestibule and deviation of the alimentary bolus outside the entrance to the larynx. Regarding 

the suprahyoid muscles and the longitudinal muscles of the larynx, they generate a 

movement of the hyoid bone and the larynx upwards and anteriorly that leads to the 

arrangement of the entrance of the larynx under the base of the tongue, preventing the 

passage of the alimentary bolus. This movement contributes to the shortening and expansion 

of the hypopharyngeal space and the opening of the UES, allowing the alimentary bolus to 

pass into the esophagus. [14] – [18] 

 

 

-Esophageal phase 

In this phase, the bolus is propagated inferiorly by a peristaltic wave once it reaches the 

esophagus. As in the case of the pharyngeal phase, it is an involuntary process controlled by 

the enteric nervous system but occurs at a much slower rate than in the case of the pharyngeal 

phase. [17] This phase begins after the alimentary bolus passes through the UES and ends 

once the bolus passes through the LES and into the stomach. The UES contracts to prevent 

reflux from the stomach and relaxes during the swallowing phase. [4], [16] 
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1.2 Oropharyngeal dysphagia 
 

Oropharyngeal dysphagia (OD) is a symptom of difficulty or inability to safely form or move 

a bolus from the mouth to the esophagus. [19] OD is a prevalent disorder in the elderly 

population and in patients with neurological disease. OD is associated with severe nutritional 

and respiratory complications, increasing the morbidity and mortality of patients who suffer 

from it. [20] The severity of OD can range from moderate difficulty in swallowing to total 

disability and can have different causes including neurological, myopathies, structural, 

metabolic, infectious and iatrogenic causes. [21], [22] Table 1 summarises possible causes 

of OD in our environment. 

 

CAUSES OF DYSPHAGIA 

NEUROLOGIC MYOPATHIC STRUCTURAL 

Stroke 
Brain tumour 
Cranial trauma 
Cerebral palsy 
Guillain-Barré 
Huntington's disease 
Multiple sclerosis 
Poliomyelitis  
Tardive dyskinesia 
Metabolic encephalopathy 
Amyotrophic lateral sclerosis 
Parkinson's disease 
Dementia 

Connective tissue disease 
Dermatomyositis 
Myasthenia gravis 
Sarcoidosis 
Paraneoplastic syndromes  

Zenker's diverticulum 
Oropharyngeal tumour 
Musculoskeletal abnormalities and 
osteophytes 
Structural congenital defects  

METABOLIC INFECTIOUS IATROGENIC 

Amyloidosis 
Cushing's syndrome 
Thyrotoxicosis 
Wilson's disease 

Diphtheria 
Botulism 
Neurosyphilis 
Mucositis 

Medication 
Surgery  
Radiation or corrosion 
Prolonged intubation 

Table 1. Causes of oropharyngeal dysphagia. Adapted from Cook IJ (1999) and Roden DF (2013) 
[21], [22] 
 

The latest editions of the International Classification of Diseases (ICD) and Related Health 

Problems promoted by the World Health Organization (WHO), ICD-9, ICD-10 and ICD-11 

classify OD with specific codes (ICD-9 69.391, ICD-10 R13, ICD-11 MD93). [23], [24] In 

addition, OD has recently been recognized as a geriatric syndrome by two European 
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scientific societies, the European Society for Swallowing Disorders (ESSD) and the 

European Geriatric Medicine Society. [25]  

 

1.3 Stroke 
 

Stroke is a vascular neurological disease characterized by the presence of a rapid onset 

neurological deficit with clinical signs of local (and sometimes global) brain function 

dysfunction for more than 24 hours which is a consequence of the decrease in vascular blood 

flow in the affected brain area without another apparent cause of vascular origin. [26] The 

main characteristic of stroke is the sudden appearance of a reduction in the patient's 

functional and cognitive abilities that can range from mild to severe (including death) and 

that can remain long-term in the form of disability. [27], [28] Symptoms of acute stroke 

include sudden change in language, with difficulty speaking or understanding; sudden loss 

of strength or sensitivity in one part of the body, affecting half of the body and manifesting 

itself mainly in the face and/or limbs; sudden vision change; sudden loss of coordination or 

balance, confusion and severe headache. [29], [30] 

 

Approximately 85% of strokes are ischaemic and 15% haemorrhagic. In addition to 

atherosclerosis, in the case of strokes, embolism stands out as the aetiological cause of the 

disease. Embolism usually originates because of a cardiac arrhythmia. [28] Atrial fibrillation 

is the most frequent arrhythmia and is related to advanced age and the occurrence of stroke. 

[31] In the case of haemorrhagic strokes, they occur due to the rupture of the vessel wall that 

produces the bleeding. According to their location, they are classified as cerebral 

haemorrhage (intraparenchymal or ventricular) or subarachnoid haemorrhage. 

 

Currently, stroke is the first cause of disability, and one of the main causes of dementia in 

our environment and of death in the world. [32], [33] Moreover, the incidence of stroke is 

increasing globally in younger people (under 55). [34] Approximately 1.1 million European 

citizens suffer a stroke each year, with an incidence of around 191.9 cases per 100,000 

inhabitants. Of these, it is estimated that between 20% and 35% die, and that approximately 

one-third of those who survive will suffer a situation of functional dependence. [35] In Spain, 

nearly 120,000 people suffer a stroke each year and approximately 25,000 die. In addition, 

it is estimated that by 2025 the number of cases in Europe will reach 1.5 million annually. 

[35], [36]  
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1.4 Oropharyngeal dysphagia after stroke 
 
1.4.1 Prevalence of oropharyngeal dysphagia  
 

OD is one of the main complications that patients suffer because of stroke brain injuries. 

[19], [37] OD has a high prevalence in the acute phases of stroke (40-78% of stroke cases) 

and, although improvements can be seen during the early phases of recovery after stroke, it 

can become a condition chronic in up to 41.7% of cases. [38] – [41] Table 2 shows studies 

that have reported the prevalence of OD in the different phases of stroke (acute, subacute 

and chronic) and using different assessment methods. 

 

PHENOTYPE POPULATION ASSESSMENT 
METHOD 

PREVALENCE 
(%) REFERENCE 

STROKE 

Acute phase 

Screening 
(questionnaires) 37 - 45 

Martino R et 
al. 2005 

[40] 
Clinical examination 51 - 55 

Instrumental 
exploration 64 - 78 

Clinical examination 
(V-VST) 39.7 

Arreola V et al. 
2019 
[38] 

Subacute and 
chronic phases 

Clinical examination 25 - 45 
Martino R et 

al. 2005 
[40] Clinical/instrumental 

exploration 40 - 81 

Clinical examination 
(V-VST) 41.7 

Arreola V et al. 
2019 
[38] 

Clinical examination 
(V-VST) 45.06 

Rofes L et al. 
2018 
[39] 

Table 2. Prevalence of oropharyngeal dysphagia in patients with acute, subacute and chronic stroke 
using different assessment methods. V-VST: volume-viscosity swallow test 
 
 

OD does not only occur in those patients with neurological vascular disease. It is also a 

relevant clinical concern in patients affected by various neurodegenerative diseases such as 

Parkinson's disease, [42] Alzheimer's disease, [43] dementia, [44], [45] multiple 

sclerosis,[46], [47] or amyotrophic lateral sclerosis.[48], [49] Table 3 shows the prevalence 

of OD observed in patients with neurodegenerative diseases in different studies. 
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PHENOTYPE ASSESSMENT METHOD PREVALENCE 
(%) REFERENCE 

Parkinson's 
disease 

Systematic review:  
reported by patients 35 

Kalf JG et al. 2012 
[42] Systematic review:  

Instrumental exploration 82 

Alzheimer's 
disease Instrumental exploration 84 Horner J et al. 1994 

[43] 

Dementia 

Reported by caregivers 19 Langmore SE et al. 2007 
[44] 

Instrumental exploration 57-84 

Langmore SE et al. 2007 
[44] 

Suh MK et al. 2009 
[45] 

Multiple 
sclerosis 

Screening (questionnaires) 24 De Pauw A et al. 2002 
[46] 

Instrumental exploration 34 Calcagno P et al. 2002 
[47] 

Amyotrophic 
lateral 

sclerosis 

Clinical and instrumental 
exploration 47- 86 

Chen A and Garrett CG 
2005 
[48] 

Ruoppolo G et al. 2013 
[49] 

Table 3. Prevalence of oropharyngeal dysphagia in patients with neurological diseases using 
different assessment methods. 
 
 

1.4.2 Pathophysiology and clinical impact 
 

Pathophysiologically, OD after stroke has been associated with impaired sensory and motor 

oropharyngeal function. Specifically, OD after stroke has been associated with: (a) cortical 

bihemispheric reduction of excitability of efferent pathways with loss of motor dominance, 

[50], [51] (b) reduced pharyngeal sensitivity,[52] and with alteration of cortical conduction 

and integration to pharyngeal sensory stimuli in the area affected by the cerebrovascular 

accident. [51], [53] The dysfunctions described, together with the decoupling between the 

sensory and motor pathways of swallowing cause a slow oropharyngeal motor response to 

swallowing. [51], [54]  In this context, the delayed synchronization of the airway protection 

mechanisms and a weak propulsive force by the tongue cause a worsening of swallowing 

safety in these patients.[54] Thus, the delay in time until the closure of the laryngeal vestibule 

compromises the safety of swallowing by causing aspiration that can lead to respiratory 

infections including pneumonia. [54], [57] 
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OD after stroke can have a significant impact on the health of affected patients presenting 

two main types of complications: (a) complications related to impairment in swallowing 

effectiveness, which include oral and pharyngeal residue, impairment of lip seal and inability 

to form bolus, among others, present in 25%-75% of patients, and which can lead to the 

development of complications such as dehydration and malnutrition [56]  and, (b) impaired 

swallowing safety, which can lead to tracheobronchial aspiration of oropharyngeal contents 

with tracheobronchial aspirations that can cause respiratory infections and pneumonia in up 

to 50% of cases, [20], [57] being aspiration and pneumonia frequent complications after 

stroke and a relevant cause of mortality. [39], [40], [58] The results of a long study that 

included 395 patients who suffered an acute stroke and had no previous signs of OD showed 

that the prevalence of post-stroke OD (PS-OD) was 45.06% during hospital admission and 

that OD was an independent risk factor for a longer hospital stay and admission to a nursing 

home or convalescent unit after discharge. In addition, this study showed that OD was 

independently associated with worse functional capacity and increased mortality at 3 months 

after stroke. [39] The results of a more recent study conducted in the United States of 

America (USA) also linked OD with longer hospital stays and higher odds of needing to be 

referred to a post-acute care facility after hospital discharge and in-hospital mortality. [59] 

In the same way, other studies have also shown OD as an indicator of poor prognosis 

presenting a significant effect on the duration of the hospital stay. [60] Finally, a systematic 

review that evaluated the impact of OD for different aetiologies on hospital stays and costs 

showed an increase in hospital stays for those patients suffering from OD and an increase in 

costs. [61]  

 

1.5 Complications of post-stroke oropharyngeal dysphagia  
 

1.5.1 Complications related to the effectiveness of swallowing: malnutrition and 
dehydration  
 

-Malnutrition 

Malnutrition is a major health problem among hospitalised patients. [62], [63] Malnutrition 

has severe repercussions on the clinical outcomes of patients, worsening their functional 

status and increasing their hospital stays and mortality.[62] – [64] In the case of stroke 

patients, malnutrition is a common health problem during hospitalisation that has been 
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associated with worse clinical outcomes in patients hospitalised for acute stroke. [65], [66] 

Malnutrition affects 8%-28% of patients when they are assessed on admission for stroke and 

can worsen during hospital admission and in the subsequent phases of recovery. [67], [68]  

OD in stroke patients plays a critical role in limiting food and liquid intake, causing 

malnutrition. In the acute phase of stroke, malnutrition may be due to pre-stroke factors, but 

during the subsequent recovery phases, the presence of OD has an important relevance. In 

addition, this limitation in intake can also be worsened by other consequences of the stroke, 

such as a reduction in the level of consciousness and physical exhaustion. [69] OD and its 

complications can evolve during the phases of recovery after stroke. In this context, the 

systematic review published by Foley NC et al. in 2009 evaluated the available evidence in 

8 studies that included adult patients with stroke. This systematic review showed a higher 

probability of developing malnutrition after stroke in those patients with OD compared to 

those who did not present OD (odds ratio: 2.425; 95% confidence interval 1.264-4.649, 

p<0.008), and that the probability of malnutrition was significantly increased during the 

stroke rehabilitation phases (odds ratio: 2.445, 95% confidence interval 1.009-5.925, 

p<0.048), not during the first 7 days of hospital admission (odds ratio: 2.401, 95% 

confidence interval 0.981-6.277, p<0.074). [70] In addition, the study developed by Arreloa 

V et al. and published in 2019 shows how younger patients with an optimal functional state 

tend to improve the efficacy of swallow, even with recoveries of their OD that have a positive 

effect on their nutritional status. Different from the patients with worse functional states, 

strokes in the vascular territories other than the posterior circulation or institutionalized after 

the stroke, tended to a worsening of their swallowing efficacy with a worsening of their 

nutritional status. [38] Another relevant study is the one published by Carrion S et al. in 2015 

in 1662 patients ≥ 70 years hospitalised for acute illnesses with a one-year follow-up. This 

study showed that 47.4% (95% confidence interval 45%-49.8%) had OD and 30.6% (95% 

confidence interval 27.9%-33.3%) had malnutrition, assessed with the Mini Nutritional 

Assessment (MNA) and with the volume-viscosity swallowing test (V-VST), respectively. 

This study showed that both OD and malnutrition were associated with greater morbidity, 

multiple geriatric syndromes and worse functional capacity (p < 0.001). Patients with OD 

also presented a higher prevalence of malnutrition defined as an MNA score of less than 17 

(45.3% vs. 18%, p < 0.001), which was observed independently of their functional status 

and comorbidities (odds ratio: 2.31; 95% confidence interval 1.70-3.14). Moreover, 

malnourished patients had an increased prevalence of OD (68.4%; 95% confidence interval 

63.3%-73.4%). In addition, the presence of malnutrition was significantly associated with 
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mortality and with greater use of health resources, as was the case with the need to be 

transferred to a nursing home upon discharge (Table 4). [71]   

 

 Malnutrition Not malnutrition p-value 

Nursing home at 
discharge (%) 52.5 27.6 < 0.001 

Hospital stays, days 
(mean ± SD)  11.6 ± 8.1 10.4 ± 7.7 0.005 

In-hospital mortality 
(%) 4 1.6 0.01 

One year mortality 
(%) 42.4 23.2 <0.001 

Table 4. In-hospital and one-year mortality, need for nursing home at discharge and hospital stays 
in hospitalised patients ≥ 70 years of age, with and without malnutrition. Malnutrition was assessed 
with the Mini Nutritional Assessment. SD: standard deviation. Adapted from Carrion S et al. (2014) 
[71]  
 

-Dehydration 

In the case of dehydration, although there is no standardised method for its evaluation in this 

phenotype of patients, some studies have shown the presence of hydropenia, reduction of 

water in the intracellular compartment and reduction in the saliva volume in older patients 

with OD. [72], [73] These observations could be due to the reduction in water intake because 

of OD and to the loss of the sensation of thirst. [74], [75] In this context, the results of a 

recent systematic and scoping review that assessed hydration status in patients with OD due 

to different aetiologies showed: (a) dehydration is a very prevalent complication in patients 

with OD secondary to different aetiologies (between 19% and 100% of patients when 

evaluated using biochemical parameters or bioimpedance), (b) dehydration has a very high 

prevalence in older patients without OD, but different studies have suggested a higher 

prevalence of dehydration in those patients with OD and, (c) there is a need to standardize 

the most appropriate biochemical and bioimpedance markers to assess and monitor hydration 

status in patients with OD. [57] In addition, the early assessment of the nutritional and 

hydration status of these patients has been shown to avoid complications such as the 

development of pressure ulcers during the recovery period after stroke. [76] Moreover, 

results of a recent observational study on older patients with OD admitted to a general 

hospital showed a high prevalence of dehydration according to biochemical measurements 

(75.3%). [77] Tables 5 and 6 show the most important studies that have evaluated the 
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hydration status of patients using bioimpedance (Table 5) and biochemical measurements 

(Table 6) and OD in patients with neurological diseases, mainly stroke. 

 

POPULATION ASSESSMENT 
METHOD n RESULTS REFERENCES 

Neurological and 
geriatric patients 

Intracellular, 
extracellular and 
total body water 

133 

Elderly patients with 
OD with significant 

reduction of 
intracellular water  

Carrion S et al. 2017 
[72] 

Stroke Total body water 19 
Risk of inadequate 
hydration status in 
patients with OD  

Goldberg LR et al. 2014 
[78] 

Neurodegenerative 
and autoimmune 
disease, stroke, 
head and neck 

cancer, infection 

Phase angle 79 
The major the severity 
of OD, the smaller the 

phase angle 

Ramos-Vázquez AG et al. 
2021 
[79] 

Table 5. Main results of studies evaluating hydration status using bioimpedance and oropharyngeal 
dysphagia in neurological patients. OD: oropharyngeal dysphagia 
 

POPULATION ASSESSMENT 
METHOD n RESULTS REFERENCES 

Acute stroke Urine osmolarity 95 
OD not associated with 

dehydration at 
discharge 

Buoite SA et al. 2019 
[80] 

Stroke BUN/Cr ratio 100 OD was not a 
significant predictor  

Murray J et al. 2018 
[81] 

Stroke BUN/Cr ratio, 
BUN, Sodium 712 Moderate dehydration 

at hospital discharge  
Goroff H et al. 2018 

[82] 

Stroke Urea 187 Moderate dehydration 
throughout the sample  

Sala R et al. 1998 
[83] 

Brain trauma, 
stroke 

Creatinine, BUN, 
Sodium 20 

BUN, creatinine and 
natrium levels increased 

at initial phase  

Howard MM et al. 2018 
[84] 

Stroke BUN/Cr ratio, 
BUN, Sodium 296 OD dehydration risk 

marker  
Churchill M et al. 2004 

[85] 

Stroke BUN/Cr ratio 64 Decreased hydration in 
patients with OD 

Crary MA et al. 2016 
[86] 

Older patients BUN/Cr ratio 235 

75.3% of older patients 
with OD admitted to 

hospital were 
dehydrated 

Viñas P et al. 2023 
[77] 

Table 6. Main results of studies evaluating hydration status using biochemical methods and 
oropharyngeal dysphagia in neurological and older patients. BUN: blood urea nitrogen, OD: 
oropharyngeal dysphagia, BUN/Cr ratio: blood urea nitrogen to creatinine ratio 
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1.5.2 Complications related to swallowing safety: respiratory infection and aspiration 
pneumonia  
 
OD after stroke compromises the safety of swallowing. Patients with OD of neurological 

cause have a high prevalence of videofluoroscopic signs of impaired swallowing safety and 

efficacy. Specifically, patients with brain damage presented up to 21.6% of fluid aspiration, 

which is reduced with nectar (8.3%) and pudding (2.9%) viscosity and up to 44% of cases 

presented residue in the oropharynx. These alterations observed with videofluoroscopy 

(VFS) carry a high respiratory and neurological complications risk. Specifically, impairment 

in swallowing safety is associated with slow oropharyngeal reconfiguration and delayed 

laryngeal vestibule closure, the main mechanism protecting the airway. [87] These altered 

physiological mechanisms can lead to the aspiration of contents from the oropharynx to the 

lungs, causing respiratory infections, including pneumonia, with an associated mortality of 

up to 50% in the long term. [20], [37] OD is also a prevalent clinical finding in older patients 

with pneumonia (up to 55%) and is an indicator of disease severity in older patients with 

pneumonia. [20] Moreover, some of the main causes of mortality in the first year after stroke 

are respiratory infections and aspiration pneumonia, recognised complications of OD after 

stroke.[56], [88] The presence of respiratory infections, together with dehydration and 

malnutrition lead to a subsequent deterioration of immunity and the development of frailty. 

In addition, poor oral hygiene is common among these patients and is associated with oral 

colonisation by respiratory germs and the development of aspiration pneumonia. [13], [89]  

 

1.6 Management of oropharyngeal dysphagia after stroke  
 

PS-OD has been an underdiagnosed and undertreated condition for a long time. The 

complete management of PS-OD should involve: (a) early screening of patients and clinical 

and/or instrumental evaluation during hospital admission, (b) compensation of impaired 

swallowing mechanisms and (c) the restoration of the swallowing function. This process is 

necessary to avoid the previously mentioned complications arising from OD and to improve 

the health status of the patients and their quality of life (QoL). [41], [90]  
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1.6.1 Diagnosis 
 

-Screening 

Regarding patient assessment and diagnosis of OD after stroke, early OD screening is 

recommended by the American Heart Association/American Stroke Association 

(AHA/ASA) clinical practice guidelines during the early stroke phases before patients start 

eating, drinking or taking oral medications. [91] In the same way, it is also recommended by 

the position statements of the previously mentioned ESSD, [92], [93] and for the recently 

published guidelines for the diagnosis and treatment of OD after stroke of the European 

Stroke Organisation (ESO) and the ESSD. These guidelines provided by ESO and ESSD 

recommend screening for OD in all patients after stroke to prevent episodes of pneumonia 

and early mortality (moderate quality of evidence) and suggest the evaluation of OD in all 

those patients identified as being at risk of having OD (low quality of evidence). [93] There 

are different strategies to perform the screening and assessment of OD after stroke. 

 

The methods used in the screening of OD after stroke aim to detect those patients with a 

greater risk of affected safety of swallowing, which can compromise the risk of aspiration 

and respiratory infections. To carry out the screening of OD after stroke requires techniques 

that are easy and quick to apply, and which are also reliable and minimally or non-invasive. 

These methods have sensitivities ≥ 70% and specificities ≥ 60%. [94] To carry out this 

screening, the study of the patient's clinical history, the physical examination and the 

completion of self-administered validated screening questionnaires such as the Eating 

Assessment tool-10 (EAT-10) or the Sydney Swallow Questionnaire (SSQ) is necessary. 

Nowadays, the development of artificial intelligence (AI) methods has led to the 

development of tools such as Artificial Intelligence Massive Screening for OD (AIMS-OD), 

which can improve the efficiency of OD screening, saving time and human effort. [95]  

 

Eating Assessment tool-10  

It is a tool for easy identification of patients at risk of suffering from OD and who are 

candidates for subsequent specialised clinical evaluation. It consists of a 10-question 

questionnaire that assesses the specific symptoms of OD, as well as their severity, and 

clinical and social impact. This questionnaire has been translated and validated in Spanish. 

[96] Each question is scored from 0 (no problem) to 4 (it is a serious problem), determining 

the overall value ≥ 3 to consider the patient at risk of OD. [97] It should be noted that a cut-



 30 
 

off point considering a global value ≥ 2 could increase the sensitivity of the questionnaire 

from 85% to 89% while maintaining the same specificity (82%). [98]  

 

Sydney Swallow Questionnaire 

It is a 17-question questionnaire that assesses the severity of OD symptoms. Each of the 

questions is answered on a visual analogue scale (VAS) of 100 mm in which the evaluated 

subject indicates with an X the point he considers representing his degree of dysfunction. 

For each question, a corresponding score is obtained ranging from normal function (0%) to 

extreme dysfunction (100%). [99]   

 

Artificial Intelligence Massive Screening of Oropharyngeal Dysphagia  

AIMS-OD is an expert system based on machine learning that calculates the risk of OD from 

the electronic clinical records of hospitalised older patients during admission. This expert 

system aims to provide fast (seconds), early, accurate, systematic and universal detection of 

OD for older patients during hospital admission to provide them with the most appropriate 

diagnosis and treatment strategies. In this context, the use of innovative strategies such as 

the use of AI tools that can assist in the systematic and universal screening and detection of 

older patients at risk of suffering from OD, can help to improve the efficiency of the OD 

detection processes. [95] 

 

-Clinical evaluation 

If patients at risk of OD are identified with screening methods, more accurate assessments 

such as clinical or instrumental ones will have to be used. Clinical evaluations aim to perform 

clinical diagnosis of OD, needed to detect those cases at need further instrumental evaluation 

or to indicate appropriate treatment (volume, viscosity and texture) for those cases that 

cannot or should not be subjected to instrumental evaluation. 

 

Volume-viscosity swallowing test 

Clinical examination method capable of identifying clinical signs and symptoms of altered 

swallowing efficacy and safety in patients at risk of OD. The method consists of the 

administration of boluses of different volumes (5, 10, and 20 mL) and viscosities (<50, 250 

and 800 mPa·s) in increasing order of difficulty. The method allows the detection of clinical 

signs of impaired safety and efficacy of swallowing. Together, the patient's oxygen 

saturation is measured by a pulse oximeter, which is part of the assessment and at the same 
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time ensures the patient's safety. As can be seen in Figure 1, the exploration begins with the 

administration of 5 mL boluses of intermediate viscosity (250 mPa·s) and continues with the 

administration of 10 mL and 20 mL boluses. If there are no safety impairments. 

 

 

 
Figure 1. Algorithm of the volume-viscosity swallowing test. Adapted from Clavé P (2008) [100]  
 

Then, the same boluses of 5 mL, 10 mL and 20 mL will be administered with liquid 

viscosities (<50mPa·s), and finally high viscosity (800mPa·s). In the case that the evaluated 

subject shows any sign of impaired safety of swallowing, it will always be switched to the 

thicker viscosity and smaller volume, 5 mL in high viscosity (800mPa·s). If with the smaller 

volume of high viscosity the signs of impaired safety are maintained, the test is ended. The 

clinical signs of impaired swallowing safety are cough, change of voice or wet voice and 

reduction in oxygen saturation ≥ 3%. Clinical signs of impaired efficacy of swallowing are 

impaired lip seal, oral residue, fractional deglutition and pharyngeal residue. [100] A recent 

systematic and scoping review on the diagnostic properties and clinical utility of the V-VST 
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in the screening and assessment of OD showed a diagnostic sensitivity of 93.17%, specificity 

of 81.3% and a kappa inter-rater reliability of 0.77. This study concluded that the V-VST 

has robust diagnostic properties and valid endpoints for OD in different patient phenotypes 

including those with OD after stroke. [101] 

 

Water swallow test 

The water swallow test is a method of clinical evaluation of OD that only evaluates the 

ability to swallow liquids. The method consists of the ingestion of 90 mL of water without 

interruption (although there are different adaptations by changing the volume ingested). It is 

a test that has a high sensitivity for detecting liquid aspiration (94% - 96%) but a low 

specificity (26% - 46%). [102], [103] 

 

Toronto Bedside Swallowing Screening Test  

Clinical bedside swallowing evaluation (CBSE) method for the diagnosis of OD after stroke. 

The Toronto Bedside Swallowing Screening Test (TOR-BSST) is a simple and accurate tool 

to identify patients with stroke and OD, regardless of severity and setting. The test includes 

observation of tongue movement, evaluation of voice quality during phonation, and the 

ability to swallow teaspoons of water while observing whether the patient has a cough, 

changes in the quality of the voice or saliva, a positive result is considered when one or more 

of these signs are observed during the examination. The TOR-BSST has a sensitivity of 

91.3% and negative predictive values of 93.3% in patients with acute stroke and 89.5% in 

the later phases of stroke rehabilitation. [104] 

 

-Instrumental evaluation 

The instrumental evaluations make it possible to confirm the diagnosis of OD after the stroke 

and to evaluate the indication of the optimal treatment for each case. These evaluations allow 

for examining the swallowing structures and their functionality, as well as assessing the role 

of volume and viscosity in the pathology of each case. Their complexity is greater than in 

the previous cases since they may require imaging tests or the use of fibroscopies and 

evaluation by specialised personnel. Instrumental assessments of OD also allow for 

examining the contribution of swallowing manoeuvres and postural changes and monitoring 

patients during their mid- and long-term evolution. Some of the main instrumental tools used 

for the exploration of OD after stroke are the VFS and the Flexible Endoscopic Evaluation 

of Swallow (FEES). 
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Videofluoroscopy 

VFS is the gold standard for the diagnosis and instrumental evaluation of OD. VFS is a 

radiological exploration in lateral projection where images are obtained that include the lips, 

oral cavity, pharynx, larynx, cricoid cartilage spine and esophagus. The VFS allows the 

systematic evaluation of the physiology of swallowing. It is a dynamic radiological 

examination in which the patient is evaluated while boluses of variable viscosity are 

administered with radiological contrast. The subsequent analysis of the images recorded 

during the VFS allows the evaluation of the swallowing response both qualitatively: signs 

of impaired safety and/or efficacy of swallowing;  and at the quantitative level: the timing 

of the oropharyngeal motor response, the kinematics of the bolus and the movements of the 

hyoid and laryngeal structures. The main sign of impaired efficacy of swallowing is 

oropharyngeal residue and the main signs of impaired safety are penetrations and aspiration. 

[37], [55]  

 

VFS makes it possible to evaluate the damaged mechanisms in the safety and effectiveness 

of swallowing. Specifically, the severity of impaired safety of swallow (penetration or 

aspiration) can be classified according to the penetration-aspiration scale (PAS), [105] and 

the severity of impaired efficacy according to the Robbins scale. [106] VFS also allows the 

measurement of the kinematics of the oropharyngeal motor response during swallowing 

using different measurements, established reference points and formulas. The oropharyngeal 

reconfiguration is measured through the opening and closing times of the glossopalatine 

junction, velopharyngeal junction, the closure of the laryngeal vestibule and the opening of 

the UES. [37] The kinematics of the bolus can also be determined by the mean and final 

velocity of the bolus (considering the time between the entry of the bolus at the 

glossopalatine junction and the arrival at the UES and divided by the distance between these 

two points, and the speed of arrival at the UES, for the average and final speed, respectively) 

and the propulsion force of the tongue. 

 

Flexible Endoscopic Evaluation of Swallowing 

The FEES is utilised to evaluate the swallowing process by observing the anatomical 

pharyngeal and laryngeal structural forms. The equipment is composed of a flexible 

fiberscope with light linked to a video equipment that captures the sequence of images during 

the assessment. It is well tolerated, repeatable and can be performed at the patient's bedside. 

Signs and mechanisms of impaired swallowing efficacy and safety can be determined while 
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the patient ingests boluses of variable viscosity and volume. However, the oral phase of 

swallowing cannot be assessed with this technique. [107], [108]  

 

 

 
Figure 2. Sequential strategy in the detection of patients at risk, clinical and instrumental evaluation, 
and follow-up of oropharyngeal dysphagia after stroke. EAT-10: Eating Assessment Tool-10, FEES: 
Flexible Endoscopic Evaluation of Swallowing, SSQ: Sydney Swallow Questionnaire, TOR-BSST: 
Toronto Bedside Swallowing Screening Test, V-VST: volume-viscosity swallowing test. 
 

Thus, screening, clinical and instrumental evaluations and follow-up of OD after stroke 

require a sequential strategy where different types of specialists can participate (Figure 2). 

 

1.6.2 Treatment  
 

Regarding the management of OD after its diagnosis, although the management is generally 

compensatory and/or rehabilitative, there is currently no standardised management for all 

patients. The techniques used can range from classic strategies that try to compensate for 

impaired swallowing mechanisms to rehabilitative strategies that aim to improve the 

biomechanical mechanisms of impaired swallowing. 

 

-Conventional treatments 

The basic recommendations for patients suffering from OD consist of eating 5 or 6 meals a 

day in a calm and relaxed environment ensuring the patient's state of alertness, supervising 

meals avoiding foods of greater risk such as those that combine textures and solid and liquid 

or that can melt, dissolve or fragment and ensure that the patient is in an appropriate position 

during meals (back straight and head slightly tilted forward). Apart from these basic 

recommendations, the conventional management of OD can include the adaptation of fluids, 
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postural changes and manoeuvres, neuromuscular exercises, oral hygiene or nutritional 

supplementation (NS). 

 

Texture-modified diets and adaptation of fluids 

The classic management of OD has consisted of the use of compensatory strategies to 

compensate for the biomechanical deterioration related to the efficacy and safety of 

swallowing. These compensatory strategies have traditionally been based on the use of 

thickened fluids and texture-modified diets. [109] Patients with OD suffer impairments in 

the safety of swallowing with penetration of oropharyngeal contents and bronchopulmonary 

aspiration. The use of thickened fluids reduces the rate of ingestion of the bolus and its 

velocity by reducing its bronchial penetration and improving the safety and efficacy of 

swallowing. [110] In clinical practice, the viscosity obtained will depend on several factors 

such as the type of thickening agent used (modified starch or gums), the amount of 

thickening agent used and the characteristics of the fluid to be thickened such as pH, 

temperature or the macronutrient content. [111] Currently, available evidence shows how 

modifying viscosity and texture minimizes the risk of aspiration during swallowing. [112] 

In the case of those patients with stroke and OD, these dietary modifications could reduce 

the likelihood of pneumonia. [93] In addition, several videofluoroscopic studies performed 

in patients with PS-OD have shown that the increase in shear viscosity causes an important 

viscosity-dependent therapeutic effect on the safety of swallowing, reducing penetrations 

into the laryngeal vestibule and tracheobronchial aspirations and their severity. [109], [113] 

The increase in viscosity levels therefore reduces the risk of penetration and aspiration into 

the respiratory tract. Thus, recent studies with gum-based thickeners show the specific 

ranges of viscosity values that provide the greatest benefit in swallowing safety. [109] 

Recently published guidelines for the diagnosis and treatment of OD after stroke from the 

ESO and ESSD suggest the use of texture-modified diets and/or thickened liquids to reduce 

the risk of pneumonia and recommend their prescription based on in an adequate assessment 

of swallowing although low quality of evidence is stated. [93] Both fluid and nutritional 

balance must also be periodically evaluated to ensure adequate nutrient and fluid intake in 

these patients. [93], [114], [115] On the other hand, thickened liquids could increase the 

laryngeal residue, so they must be indicated after a specialised evaluation in patients with 

aspiration of liquids and require adequate follow-up. [116] It should also be considered that 

the quality of texture-modified diets and fluids can vary significantly due to changes in 

temperature, preparation and/or the type of thickener used. [110] On the other hand, 
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adherence to these adaptations can be low, so an appropriate adjustment of the viscosity 

used, as well as the texture and taste used, is required to optimize the therapeutic results. In 

that sense, the triple adaptation of diet was developed including a) textural and rheological 

adaptation to avoid impairments in the safety and efficacy of swallow, b) caloric and protein 

content adaptation to avoid malnutrition and c) organoleptic adaptation to increase patient’s 

adherence. [117], [118]  

 

Rehabilitation exercises, postural changes and manoeuvres 

Rehabilitation exercises are probably the most widespread approach for patients with OD 

for different aetiologies. It is a heterogeneous variety of interventions designed to modify 

and improve the physiology of swallowing in terms of strength, speed or synchronization 

and which are thought to produce long-term effects. An example would be the Shaker 

manoeuvre, intended for patients with difficulty opening the UES. [119] 

 

In contrast, there are compensatory interventions that are used for short-term effects on 

swallowing. These are voluntary postural changes related to the swallowing process that aim 

 to improve swallowing safety. Chin down or turning the head tends to compensate patients’ 

biomechanical deficits and generate pharyngeal and bolus pressure during the swallowing 

process and may reduce the incidence of aspiration in specific cases. [120], [121]  

 

Nutritional supplementation and oral hygiene 

The consequences of malnutrition in this phenotype of patients have previously been 

mentioned. Clinical practice guidelines provided by the European Society for Enteral and 

Parenteral Nutrition (ESPEN) recommend that at-risk or malnourished patients after stroke 

receive medical nutritional therapy through an individualized nutritional plan (developed 

and monitored by a nutrition specialist). Thus, in malnourished patients or at risk of 

malnutrition (RoM), nutritional supplements are recommended. [116] In the same way, the 

previously mentioned guides provided by the ESO and the ESSD do not recommend 

systematic nutritional supplements in all cases, but they do consider it in patients at RoM or 

who are malnourished. [93] It should be considered that the adequate feeding of these 

patients may involve added complexity due to the need to administer food through feeding 

tubes or diets of modified consistency in cases at risk of aspiration. [116]  
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On the other hand, the implementation of interventions to improve the oral health of these 

patients must be considered. [89] Inadequate oral health in patients affected by OD has been 

identified as a dominant risk factor for the development of aspiration pneumonia in stroke 

patients and in cohorts of geriatric patients. [122], [123] In addition, aspiration of oral 

contents contaminated by bacteria is considered one of the main pathogenic mechanisms 

involved in pulmonary infections in patients with stroke and severe OD fed through a gastric 

tube. [124] 

 

Although oral motor exercises, swallowing and positional techniques, and dietary 

modifications have been studied for decades, [125] studies applying these considerations in 

the long-term management of subjects with chronic OD after stroke are currently needed. In 

this context, the application of a minimal massive intervention (MMI) consisting of the use 

of the adaptation of fluid and food textures, nutritional support and oral hygiene has shown 

to be useful and effective in older patients with OD. [126]   

 

 
Figure 3. Triple adaptation of the diet. Rheological, nutritional and organoleptic adaptation, along 
with its main objectives. 
 

-Active treatments  

These are treatments in development that aim to restore problems related to swallowing 

dysfunction related to brain damage. [13], [109] They can be classified into chemical and 

electrical peripheral stimulation strategies and central stimulation strategies. Peripheral 

stimulation strategies include ongoing research with active pharmacological agents such as 

transient receptor potential (TRP) agonists, [127], [128] and transcutaneous electrical 

stimulation (TES) or intrapharyngeal techniques and aim to improve the oropharyngeal 

response to swallowing. [129] Other techniques currently in investigation are recovery 
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strategies using non-invasive central stimulation such as transcranial direct current 

stimulation (tDCS) or repetitive transcranial magnetic stimulation (rTMS) which are 

currently shown as promising techniques but still limited by variability in responses, lack of 

data on its safety, uncertainty in patients with certain comorbidities, and difficulty in 

designing new randomised studies. [130], [131] Recent data have shown that strategies 

aimed at neurostimulating sensory pathways can cause immediate improvements in the 

excitability of the motor cortex (pharmacological modulation with capsaicin and 

intrapharyngeal electrical stimulation) and in sensory pharyngeal conduction (rTMS). [132] 

These new trends in the treatment of OD could be supported by the results of randomised 

clinical trials, currently in development, and could induce changes in the management of this 

pathology in the future. 

 

Transcutaneous electrical stimulation 

One of the studies presented in this thesis will focus on the cost and cost-effectiveness of the 

TES, a non-invasive electrical neurostimulation technique that consists of the application of 

electrical stimulation through electrodes located in the front of the neck. The guideline 

published by The National Institute for Health and Care Excellence (NICE) and updated in 

2018 assessed the effectiveness of TES and suggested that this technique may have potential 

clinical benefits without major safety concerns after gathering evidence available in a 

systematic review and meta-analysis, 7 randomised controlled studies, 1 comparative study 

and 2 case series. The available evidence was considered limited in quality and quantity. 

[129]  

 

A recent randomised study at our center compared a control group that received standard 

compensatory treatment (postural changes, oral hygiene recommendations, thickened fluids, 

and modified texture diet, when required based on VFS assessment) with two treatment 

groups who received sensory-level TES (SES), or motor-level TES (NMES) added to the 

compensatory management that the controls received. 

 

TES showed swallowing parameters significantly improved between baseline and 1-year 

follow-up both in the sensory (SES) and motor (NMES) stimulation levels groups for 

prevalence of patients with a safe swallow, mean PAS score, time to laryngeal vestibule 

closure, and need for thickening agents without significant related adverse events. Patients 

in the compensatory treatment group showed a weaker improvement of signs of impaired 
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safety of swallow, with no significant variations in time to laryngeal vestibule closure. At 

the 12-month follow-up, no differences were observed between the groups in terms of 1-

year mortality (6.1%), respiratory infections (9.6%), nutritional and functional status, QoL, 

and hospital readmission rates (27.6%). Moreover, these benefits were sustained in the long 

term, suggesting that this therapy could be cost-effective by reducing complications 

associated with PS-OD at a low cost. In this study, both SES and NMES reduced the need 

for fluid thickening, allowing an improvement in the safety and biomechanics of swallowing 

and moving the therapeutic management of these patients from the use of classical 

compensatory strategies to a safe restoration of swallowing. [133]  

 

The results of this study have been accompanied by those of two recent randomised studies 

also reporting favourable effects of TES, [134], [135] and contributing to the statements of 

recent clinical practice guidelines suggesting TES as an adjunct to conventional OD 

treatments to improve swallowing function in OD patients after stroke. [93] However, no 

studies have been published that have evaluated the cost of treatment and the cost-

effectiveness of adding TES to the current management of OD after stroke. 

 

- Minimal massive intervention 

Recently in our environment, a MMI has been developed in elderly hospitalised patients with 

OD consisting of: (a) the early detection of OD, (b) the thickening of liquids and the 

indication of foods with a modified texture, (c) caloric and protein supplementation and (d) 

hygiene and oral health recommendations during hospitalisation and discharge. The latest 

results obtained when applying this MMI in older patients hospitalised with OD suggest 

improvement in the nutritional status and functionality of the patients and a reduction in 

hospital readmissions, respiratory infections and mortality. This MMI could become a 

simple and cost-effective strategy to avoid the complications of OD in the geriatric 

population admitted with an acute illness in a general hospital, including those patients with 

OD after a stroke. [126] 
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1.7 Study of health economics and oropharyngeal dysphagia 
 

Healthcare systems are under significant budgetary pressure due to limitations in available 

financial resources and an ever-increasing demand for the allocation of costly healthcare 

programs and interventions together with the ageing of the population. One of the strategies 

proposed in this context is the allocation of health programs and interventions based on their 

cost-effectiveness and available budgetary resources. [136], [137] In this context, those 

chronic clinical conditions, with a high prevalence, and which have associated severe 

complications are of interest for their study from the side of health economics, especially 

when potentially cost-effective health interventions must be evaluated for their benefit to the 

public health system. [138]   

 

OD brings together some of the previously mentioned characteristics. It is a prevalent 

pathology that tends to become chronic in geriatric populations, in those patients who have 

suffered cerebrovascular diseases and in those with chronic neurodegenerative diseases. 

[19], [40], [139], [140] In addition, OD contributes to the development of severe clinical 

complications that have been previously mentioned such as dehydration, malnutrition and 

respiratory infections and that could worsen the patient's functional capacity and frailty. 

[101] These characteristics have a direct impact on the need to use health resources. For 

example, for those patients who have suffered an acute stroke, OD has been associated with 

significantly longer hospital stays and a greater likelihood of requiring subsequent stays in 

post-acute care facilities after acute stroke hospitalisation and with higher in-hospital 

mortality. [39] 

 

Considering the previously mentioned aspects, the study of the consumption of health 

resources and costs associated with OD is of interest, especially considering the existence of 

available methods and tools capable of identifying cases at risk of OD to receive an 

evaluation and specialised care that could contribute not only by avoiding the important 

resulting clinical complications but also by assuming significant cost savings. In this context, 

the study of health costs associated with OD is complex, since not only the costs associated 

with acute hospital care should be considered, but also other costs such as those arising from 

its long-term chronic care (costs associated with the institutionalization of patients in 

residences, social and health care centres or the need for long-term rehabilitation facilities). 

On the other hand, it would also be necessary to consider the direct non-health costs and 
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indirect costs due to the loss of productivity of these patients. [141] Moreover, the possibility 

that certain groups of patients are at risk of not having comprehensive OD care, currently a 

clinical condition insufficiently diagnosed and treated in many settings, could lead to a 

greater increase in the resources used in the attention to this clinical condition, especially 

when its long-term complications occur. [142] Table 7 shows the different costs that could 

be of interest in the study of OD after stroke. 

 

COSTS OF INTEREST IN THE STUDY OF OD 

Direct sanitary costs Direct non-sanitary 
costs 

Indirect costs 

Hospital stays Diagnostic tests Access to health care and 
treatments Productivity losses 

Sociosanitary care  Adapted diets Transport Morbidity 
Rehabilitation Feeding by tube 

Social care 
Mortality 

Primary care Gastrostomy 
insertion Time spent 

Specialised care OD complications Intangible costs 

Access to 
healthcare 

professionals: 
physician, 

pharmacists, 
nutritionist, 

speech therapist 

Medication 
adaptation Suffering associated with the disease 

Table 7. Costs of interest in the study of costs associated with oropharyngeal dysphagia. OD: 
oropharyngeal dysphagia 

 

Apart from the costs associated with a certain disease or clinical complication, another 

important aspect of health economics is economic evaluation. Economic evaluation 

compares the costs and health consequences of different detection, prevention, management 

or treatment strategies in a specific clinical condition. This type of study makes it possible 

to consider both the clinical benefits and the consumption of health resources associated with 

different alternatives to select the most efficient one. Economic evaluations can provide 

useful information to policymakers, payers, health professionals, patients, and the public 

about choices that affect health and resource use. Carrying out economic evaluations should 

be necessary to increase the efficiency of our clinical practice. Economic evaluation studies 

can help to prioritise those more efficient health interventions to the detriment of other 

measures such as restricting access to certain treatments or co-payments. [143], [144]  
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1.8 Available evidence on the economic impact of oropharyngeal dysphagia  
 

This thesis will be focused on the study of health economics in OD after stroke. For this 

reason, a previous review of the available literature on economic evaluation studies that have 

been carried out in OD for stroke and other reasons can be helpful. It should be considered 

that the experience in the study of the costs associated with OD and its complications is 

limited. When assessing the economic impact of OD regardless of its aetiology, an 

observational study conducted in hospitalised patients in the USA showed that OD was 

significantly associated with higher mean hospital stays and costs. The mean length of 

hospital stay (LOS) was 3.8 days longer, 43% higher than in cases without OD, and the mean 

total inpatient costs were 6243 United States Dollars (USD = US$) higher. In addition, in 

those patients with OD, a higher probability of patients being transferred to post-acute care 

facilities was observed (33.2% higher).[59]   

 

1.8.1 Stroke  
 

The results of a systematic review that evaluated the effect of OD for different aetiologies 

on hospital stays and costs showed an increase in hospital stays for those patients suffering 

from OD and an increase in costs of 40.36%. In the case of stroke, an evaluation by 

subgroups showed longer and more variable hospital stays in those patients with a stroke of 

4.73 days, 95% confidence interval 2.7-7.2. [61] In the case of OD after stroke, the studies 

available before the completion of this doctoral thesis are few, highlighting the retrospective 

study carried out by Bonilha HS et al. in the USA (2004) which showed an adjusted increase 

in cost of US$4510 for Medicare at one-year follow-up. [145] Apart from the economic 

study of OD in stroke patients, we find some other studies in geriatric patient populations, 

[146], [147] in patients suffering from head and neck neoplasms, [148], [149]  and in patients 

with Parkinson's disease, [150] which are summarised below. 

 

 

1.8.2 Geriatric patients 
 

OD has a high prevalence in geriatric patients. It can coexist with other comorbidities and at 

the same time contribute to other clinical complications prevalent in this population such as 

dehydration, malnutrition, respiratory infections or frailty. [139]  
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The economic impact of OD has been evaluated in some studies considering geriatric 

populations. For example, the retrospective study conducted in Denmark by Westmark S et 

al. evaluated the annual cost of OD after an episode of hospitalisation. The starting point of 

the study was patients over 60 who were hospitalised in a geriatrics department. The study 

included 258 patients and reported significantly higher costs for the hospital of €3677 and 

of €6192 at the municipal level for those patients with OD (results adjusted for age, gender 

and comorbidities). [146] Another retrospective study to consider is the study conducted in 

New Zealand by Allen J et al. that evaluated the LOS and the in-hospital cost associated with 

OD in those patients hospitalised for hip or femur fractures. The study included 165 patients 

with diagnosis codes of OD together with hip or femur fracture and 2288 patients who only 

had a hip fracture. A significantly longer LOS was observed (32 versus 14 days, p<0.05) and 

significantly higher mean admission costs for those patients with OD (36,913 versus 22,222 

New Zealand dollars p<0.05, patients with and without OD, respectively). [147]   

 

Thus, we can observe that despite being a small number of studies, the studies that have 

evaluated the costs associated with the presence of OD in geriatric populations have found 

significant data that justify more extensive research in this field in the near future. 

 

1.8.3 Parkinson’s disease 
 

In the case of Parkinson's disease, a neurological disease that is a common cause of OD, the 

available evidence is limited to a single retrospective study conducted in Canada between 

2004 and 2014. This study, conducted by Di Luca DG et al. evaluated the healthcare costs 

associated with OD in hospitalised patients with Parkinson's disease. This study identified 

334,395 hospitalisations of patients with Parkinson's disease, 21,288 associated with OD and 

found a 44% longer LOS and 46% higher admission costs for those patients with OD. [150]   

 

1.8.4 Head and neck cancer 
 

The case of OD in patients affected by head and neck cancer is of particular interest given 

that in this case we do find some studies available that measured variables such as the LOS 

or the costs of acute care during the hospitalisation and long-term costs. [151] For instance, 

the retrospective study conducted in the USA by Semenov YR et al. between 2003 and 2008 
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evaluated the relationship between pneumonia, short-term outcomes, and costs of care in 

adult patients who underwent head and neck cancer surgery due to cancer of the oral cavity, 

larynx, hypopharynx or oropharynx. The study included 93,663 adult patients, with a mean 

age of 62 years. The study showed a relationship between the presence of OD and the 

occurrence of aspiration pneumonia (odds ratio: 2.0, p <0 .001). In addition, this study 

showed OD as a significant and independent predictor for an increased LOS of 1.5 days (p 

<0.001) and higher costs related to hospital care of US$2609 (p<0.001). [148] A subsequent 

retrospective study conducted in the USA by Genther DJ and Gourin CG between 2001 and 

2010 evaluated hospital costs in 61,740 patients over 65 years of age who underwent ablative 

surgery for cancer of the oral cavity, larynx, the hypopharynx and the oropharynx. This study 

showed that, after adjusting for confounders, OD was a variable significant and 

independently associated with longer LOS (2.0 days, p<0.001) and hospital costs (US$3976, 

p<0 .001). [149] These high costs described should not be fixed but could vary depending 

on the inclusion of certain health interventions, organizational processes or the quality of 

health care received by patients. The retrospective study conducted in the USA by Gourin 

CG et al. including 2370 patients aged 66 years or older diagnosed with squamous laryngeal 

cancer between 2004 and 2007 evaluated the association between quality of care received, 

treatment-related outcomes in short and long term and costs. This study assessed 

hospitalisation costs, nonhospital health care costs, and long-term health care costs over a 5-

year follow-up and reported lower costs associated with OD for those patients who received 

higher quality care. In addition, health quality indicators obtained from guideline 

recommendations and performance measures were used to compute a comprehensive quality 

assessment, showing an association between higher quality care and a lower risk of death in 

patients with OD (hazard ratio 0.7). Moreover, significantly major costs for patients who 

developed pneumonia were observed and that average additional costs in patients with OD 

were lower in those who received higher quality care after controlling for some confounding 

variables. Furthermore, raw data provided by the investigators in a posterior systematic 

review showed a mean difference of US$65,766 attributable to OD cost. [61], [152], [153]     
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POPULATION ECONOMIC 
ANALISIS COUNTRY RESULTS REFERENCES 

Over 60 years 
old 

Annual hospital and 
municipal costs after 

a hospitalisation 
episode 

Denmark 

Significantly higher 
costs for the hospital 

(€3677) and municipal 
(€6192)  

Westmark S et al. 
2018 
[146] 

Hospitalised 
due to hip or 

femur fracture 
Hospital costs New 

Zealand 

Significantly higher 
costs (36,913 versus 
22,222 New Zealand 

dollars) 

Allen J et al. 
2019 
[147] 

Parkinson’s 
disease Hospital costs Canada 46% higher costs 

Di Luca DG et 
al. 2021 

[150] 

Head and neck 
cancer Hospital costs USA 

OD significant and 
independent predictor of 
higher costs (US$2609) 

Semenov YR et 
al. 2012 

[148] 

Head and neck 
cancer Hospital costs USA 

Significant and 
independent association 

with higher costs 
(US$3976) 

Genther DJ and 
Gourin CG 2015 

[149] 

Table 8. Studies that evaluated the costs associated with oropharyngeal dysphagia in geriatric 
patients, patients with head and neck cancer, and patients with Parkinson's disease. USA: United 

States of America, US$: United States Dollars. 
 

The studies described in the text and summarised in Table 8 provide specific economic data 

on the expenditure of health resources, such as the LOS or the costs associated with OD in 

different patient phenotypes. However, to date, there are some important gaps in knowledge 

in this area such as a lack of systematic reviews of the literature providing pooled data from 

different studies on the cost of OD in specific aetiologies, lack of data on the costs associated 

with the complications of OD such as malnutrition and respiratory infections, types of costs 

that have not been evaluated such as direct non-health costs, indirect costs or intangible costs 

and lack of economic evaluations aimed at assessing the efficiency and cost savings 

associated with the comprehensive management of the OD. [152] 
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2 HYPOTHESIS 
 

2.1 Main hypothesis 
 

OD and its complications (malnutrition and respiratory infections) lead to higher healthcare 

costs in post-stroke patients, and its management is cost-effective.  

 

2.2 Specific hypothesis 
 

H1. OD and its main complications are related to high costs in post-stroke patients. 

 

H2. PS-OD involves high acute, subacute and long-term costs that can increase with the 

worsening in nutritional status and the development of respiratory infections in the long 

term. 

 

H3. Currently, available strategies in the management of PS-OD not only improve the health 

status of patients but may also lead to cost savings and/or be cost-effective by preventing the 

development of complications associated with OD. 

 

H4. The cost of adding the TES, a neurostimulation treatment, to compensatory management 

of chronic PS-OD is reasonable. The possible improvement in swallow physiology and 

airway protection mechanisms would lead to improved swallowing safety and reduce the 

need for thickeners. 
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3 AIMS 
 

3.1 Main aim  
 

The main aim of this doctoral thesis is to assess the healthcare costs associated with PS-OD 

and its complications, and the efficiency of its management. 

 

3.2 Secondary aims 
 

A1. To assess and synthesise evidence on the economic costs associated with PS-OD and its 

complications (malnutrition and respiratory infections) available in the literature. 

 

A2. To assess the acute, subacute and long-term costs related to OD in stroke and its 

complications (malnutrition and respiratory infections). 

 

A3. To assess and synthesise evidence on the cost savings and cost-effectiveness of the 

management of PS-OD available in the literature. 

 

A4. To assess the resource consumption, cost and cost-utility of adding SES or NMES TES 

to compensatory PS-OD management from the hospital perspective using data from a 

prospective randomised controlled study developed at Hospital de Mataró on patients with 

chronic PS-OD. 
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4. COMPENDIUM OF PUBLICATIONS 
 

4.1 Article 1: Healthcare-related costs of oropharyngeal dysphagia and its 
complications pneumonia and malnutrition after stroke: a systematic review 
 
Bibliographic reference: Marin S, Serra-Prat M, Ortega O, Clavé P. Healthcare-related cost 

of oropharyngeal dysphagia and its complications pneumonia and malnutrition after stroke: 

a systematic review. BMJ Open. 2020;10(8):e031629. doi: 10.1136/bmjopen-2019-

031629. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reproduced from [Healthcare-related cost of oropharyngeal dysphagia and its complications 
pneumonia and malnutrition after stroke: a systematic review. Marin S, Serra-Prat M, Ortega O, 
Clavé P. BMJ Open. 2020 Aug 11;10(8):e031629.] with permission from BMJ Publishing Group 
Ltd. This open access article is licensed under the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0). For more information, please visit 
https://creativecommons.org/licenses/by-nc/4.0/. 
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4.2 Article 2: Healthcare costs of post-stroke oropharyngeal dysphagia and its 
complications: malnutrition and respiratory infections 
 
Bibliographic reference: Marin S, Serra-Prat M, Ortega O, Audouard Fericgla M, Valls J, 

Palomera E, Cunillera R, Palomeras E, Ibàñez JM, Clavé P. Healthcare costs of post-stroke 

oropharyngeal dysphagia and its complications: malnutrition and respiratory infections. Eur 

J Neurol. 2021;28(11):3670-3681. doi: 10.1111/ene.14998. Epub 2021 Jul 27. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reproduced from [Marin S, Serra-Prat M, Ortega O, Audouard Fericgla M, Valls J, Palomera E, 
Cunillera R, Palomeras E, Ibàñez JM, Clavé P. Healthcare costs of post-stroke oropharyngeal 
dysphagia and its complications: malnutrition and respiratory infections. Eur J Neurol. 2021 
Nov;28(11):3670-3681.] with permission from John Wiley and Sons, Inc. This open access 
article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 
International License (CC BY-NC-ND 4.0). For more information, please visit 
https://creativecommons.org/licenses/by-nc-nd/4.0/ 
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4.3 Article 3: Economic evaluation of clinical, nutritional and rehabilitation 
interventions on oropharyngeal dysphagia after stroke: a systematic review 
 
Bibliographic reference: Marin S, Ortega O, Serra-Prat M, Valls E, Pérez-Cordón L, Clavé 

P. Economic Evaluation of Clinical, Nutritional and Rehabilitation Interventions on 

Oropharyngeal Dysphagia after Stroke: A Systematic Review. Nutrients. 2023;15(7):1714. 

doi: 10.3390/nu15071714. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reproduced from [Marin S, Ortega O, Serra-Prat M, Valls E, Pérez-Cordón L, Clavé P. 
Economic Evaluation of Clinical, Nutritional and Rehabilitation Interventions on Oropharyngeal 
Dysphagia after Stroke: A Systematic Review. Nutrients. 2023 Mar 31;15(7):1714.]. This open 
access article is licensed under the Creative Commons Attribution 4.0 International License (CC 
BY 4.0). For more information, please visit https://creativecommons.org/licenses/by/4.0/ 
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4.4 Additional information 
 
Cost and cost-utility of adding a neurostimulation treatment using TES to compensatory 
treatment in patients with chronic PS-OD 
 
Study design and population  
 
Additionally, an economic evaluation was conducted to evaluate the cost and cost-utility of 

adding TES to compensatory treatment in patients with chronic PS-OD to entirely meet this 

doctoral thesis's objectives. Data for this economic evaluation were obtained from a 

previously published randomised, prospective, controlled, three-arm, open-label, blinded-

analysis clinical trial. [133] This study assessed the effect of SES and NMES stimulation 

levels using VitalStimTM (Chattanooga, DJO Global, Lewisville, TX, United States). This 

randomised study was performed at Mataró Hospital, from 01 October 2014 to 16 June 2016. 

The sample included adult post-stroke patients (≥ 18 years old, ≥3 months after stroke) 

assessed for OD using the V-VST and a VFS, with PAS score ≥2 and/or pharyngeal residue, 

capable of complying with the study protocol, without previous diagnosis of OD before 

stroke, score 0 or 1 on NIHSS question 1a, and who gave their written informed consent to 

participate. Recruited patients were randomised into three groups (a) a control group in 

which OD was managed using standard compensatory strategies at our center (postural 

changes, oral hygiene recommendations, and fluid thickening and texture-modified foods, 

when required, following VFS evaluation); and two active groups in which TES was added 

to standard compensatory management  (b) SES and, (c) NMES. SES and NMES were 

applied in up to two treatment cycles consisting of 15 sessions over two weeks each. The 

second treatment cycle was conducted six months later, only for patients who still exhibited 

clinical and videofluoroscopic signs of impaired swallowing safety. Patients were monitored 

for one year. The methodologies involved in this investigation, including patient screening 

and inclusion processes, as well as specific operational details of TES and videofluoroscopic 

and V-VST swallowing assessments, are explained in the original publication of this study. 

Additionally, flow diagrams delineating treatment cycles, patient follow-up, and 

management software for randomization are provided in the original publication. [133] A 

total of ninety patients were recruited, and finally, 89 participated in this study (1 loss before 

randomisation). Twenty-nine patients were randomised to the control group and 30 to the 

SES and NMES groups. No patients were removed from the analysis due to data loss or 

reasons other than death or study withdrawal (data from those cases were treated as explained 

above and considered for follow-up calculations). A total of 5 patients died, and 3 abandoned 
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the study during the first six months of follow-up (prior 6-month follow-up visits and/or 

second cycles of SES and NMES). Five of these losses occurred before 6-months EQ-5D 

measurements (one case in the control group, one in the SES group and three in the NMES 

group). Four other patients abandoned during the last six follow-up months. Descriptive 

sociodemographic and clinical characteristics of patients enrolled in this clinical trial were 

previously published in the original article reporting data on the clinical efficacy of TES. No 

significant baseline differences were observed between study groups when comparing 

baseline age, gender, comorbidities (CCI), functional status (Barthel Index [BI] and 

modified Rankin scale), QoL, stroke severity (NIHSS [National Institutes of Health Stroke 

Scale]) and time from stroke onset.[133]  

 

Cost and cost-utility analysis  

-Perspective and time horizon 

The one-year direct healthcare costs of TES treatment were analysed from the hospital 

perspective. 

 

-Cost elements considered 

Only additional costs and effects of TES treatment were considered. For patients receiving 

TES treatment, information on the total number of TES sessions received and any instances 

of early treatment discontinuation for any reason were collected. The costs of a TES session 

included fixed costs (the costs of the TES device, the cost of the speech therapist that 

attended patients at study visits, and structural hospital costs) and variable costs for fungible 

use during each TES session (electrodes).  

 

-Translation into monetary units (€) 

The information to calculate the cost of VitalStimTM device per TES session was obtained 

from EnovisTM and considered to be 0.63€ for this study (calculated considering the device 

price of €3312.14, assuming 10% annual amortisation and divided into 1446 total sessions 

performed during the 2 years and 9 months that the study lasted). The cost for the speech 

therapist to attend to patients during study visits was €29.70 per hour at our hospital. Hospital 

structural costs per TES session were considered to be €4.35 and were calculated based on 

the taxed price of a 16 square meter outpatient care room (calculated considering a one-year 

room price of €2289.59 divided into 1446 total sessions performed during the 2 years and 9 

months that the study lasted). The fungible cost for each TES session was €10.83 considering 
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the price of a 100-electrodes pack of €1083.43 including taxes. Then, the calculated total 

cost per TES session was €45.51. All resource use was considered using 2023 unitary values 

(since the outcome data were collected over three years, and participants were enrolled in 

the clinical trial at different times, with some finishing before others started). 

 

-Effectiveness estimation 

Patient-level resource use and health outcome data were collected over the study period. The 

number of TES sessions, the patient’s follow-up and the QoL were collected at baseline and 

6- and 12-month follow-ups for each participant. Intervention effectiveness was evaluated 

by assessing QoL, and QALYs. QoL was determined based on the European Quality of Life-

5 Dimensions (EQ-5D) scores, which were obtained from patients' responses to VAS  (the 

scale range from 0, the worst possible QoL, to 100, which represents the best possible QoL). 

The QoL gained was computed at 6- and 12-month follow-ups for each patient, in relation 

to baseline scores. In cases where patients died or were lost to follow-up between study 

periods, we assumed an unchanged course of the latest QoL measurement. Similarly, if a 

patient could not complete the questionnaire, we also assumed no change in QoL from the 

last measurement (two cases occurred, one in the SES group and the other in the NMES 

group).  

 

QALYs were determined based on QoL collected at baseline and 2 points follow-up (6- and 

12-months follow-up). We determined patient-specific change in QALYs by calculating the 

area under the curve (AUC) based on the area defined by the change from baseline utility 

and 6-month follow-up utility and 6- and 12-month values as described by Manca A et al. 

[154] Linear changes in utility values over follow-up points were assumed for AUC 

calculations. For patients who discontinued before the 6-month follow-up or between 6 and 

12 months, 0.25 and 0.75 years followed were considered, respectively. Subsequently, the 

difference in the mean change in QALYs in the three assessed arms of the trial was 

calculated. 

 

Fluid thickeners and resource consumption 

As the original clinical trial showed improvement in the safety and biomechanics of 

swallowing, allowing a reduction in the need for fluid thickeners, we performed a theoretical 

complementary calculation of the thickener consumption during the study period. [133] We 

calculated the amount of fluid thickening agents used at our institution during the study 
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period. The amount of fluid thickener used for each patient was calculated assuming a fluid 

intake of 1.750 litres per patient and day and a fluid thickener consumption of 78.75 grams 

per day for these patients at the need for “nectar” consistency and of 157.5 grams per day 

for those needing “pudding” consistency (each thickener unit contains 227 grams and 

supposed a mean cost of 3.56€ translated to 2023 values). 100% adherence to fluid thickener 

therapy was assumed. [155] 

 

Statistical analysis  

Analysis was performed by intention-to-treat and participant-level data approach. Patients 

were followed up from study inception and up to die, abandoned or one-year follow-up. The 

main outcomes of interest were the cost per QoL and QALY gained for each treatment group. 

Categorical variables were compared with the chi-square test and continuous variables with 

the ANOVA test for nonparametric samples (Kruskal–Wallis) with a post hoc analysis 

(Dunn’s multiple comparison test).  

 

Baseline mean QoL values were imbalanced between study groups. To control for imbalance 

baseline QoL and avoid misleading incremental cost-utility ratio estimation, the areas 

between the curves were adjusted to calculate incremental QALYs. Multiple linear 

regression analyses were performed to account for imbalanced baseline utilities to estimate 

differential mean QALYs and their associated measures of sampling variability. Moreover, 

stepwise multivariate linear regression analysis was used in different multivariate models to 

adjust for the effect of treatment group (assessing SES and NMES separately, and both TES 

levels together) on incremental QALYs by gender, age, comorbidities, baseline 

functionality, the degree of disability and time from stroke onset. Discount rate was not 

applied since follow-up time was restricted to one year. Statistical significance was set at p 

<0.05. 

 

Legal and ethical issues  

The protocol for this trial, including economic analysis performance, was assessed, and 

approved by the Ethical Committee for Clinical Investigation of the Hospital de Mataró 

(protocol code CEIC:36/14). This study was performed following the principles stated in the 

Helsinki Declaration 1975 and its subsequent amendments. The General Data Protection 

Regulation of the European Union 2016/679 was followed. All patients included in this 

study, or their legal representative signed an informed consent. 
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5 OVERALL SUMMARY OF THE RESULTS 
 

This doctoral thesis assessed the costs associated with PS-OD and its complications, and the 

cost-effectiveness of current management strategies.  

 

Systematic review of the costs of OD and its complications after stroke 

A systematic review of the costs of OD and its complications after stroke was performed. 

The main findings were: (a) higher hospitalisation costs of US$6589 in patients requiring 

tube feeding (TF) in the USA, in patients with ischaemic stroke in France (€3000 or about 

US$3950) and in Switzerland (SFr14,000 or about US$15,300) and in patients with OD and 

haemorrhagic stroke transferred to a rehabilitation centre in Taiwan (US$7329 vs. 

US$5939),  (b) independent cost increase for Medicare in patients with OD during the first 

year after stroke in the USA (US$4510), (c) increase in hospitalisation costs associated with 

pneumonia (between US$1456 and US$27,633, assessed in different countries), and with a 

higher RoM in England. This systematic review shows moderate evidence of major costs 

associated with OD (considering a high consistency and a large and direct effect through the 

data provided by four longitudinal studies). It estimates that the cost of caring for a patient 

with a stroke who develops OD could end up reaching €15,000 and €24,000 in cases in which 

the patient suffers an episode of pneumonia, including data from studies carried out in 

France, Switzerland, Argentina, Brazil, Taiwan and the USA. 

 

The costs of PS-OD and its complications: malnutrition and respiratory infections 

An observational study of 395 patients with acute stroke consecutively admitted to the 

Hospital de Mataró without prior OD was performed. Prevalence of PS-OD was 45.06%.  

The main findings were: (a) OD supposed a significant and independent increase in costs 

during hospitalisation (€789.68, p=0.011) and significantly higher costs at 3 and 12 months 

after stroke compared with patients without OD (3 months: €8242.0 ± €5376.0 vs. 

€5320.0 ± €4053.0, p < 0.0001; 12 months: €11,617.58 ± €12,033.58 vs. 

€7242.78 ± €7402.55, p < 0.0001), (b) these costs independently and significantly increased 

with the worsening of the nutritional status at 3-months follow-up (12 months costs: 

€2303.38, p = 0.001) and in those patients that suffered at least one episode of respiratory 

infection during the one-year follow-up (12 months costs: €3034.08, p < 0.011), (c) higher 

mean costs where observed at 12 months follow-up for those patients who developed PS-

OD, were at RoM or malnourished and had at least one episode of respiratory infection 
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compared with those who did not develop PS-OD (€19,817.58 ± €13,724.83 vs. 

€7242.78 ± €7402.55, p < 0.0004). 

 

Systematic review of economic evaluations of OD management after stroke 

A systematic review of economic evaluations of OD management after stroke was 

performed. The main findings were: (a) reduction in hospitalisation costs with early 

assessment of OD in Denmark (adjusted cost reduction of more than US$12,500), 

protocolising its management after thrombolysis in Australia (non-significant reduction of 

hospitalisation costs of 1505 Australian dollars), and using commercially prepared thickened 

fluids in the USA (compared to thickened fluids prepared by nursing staff), (b) cost-

effectiveness of VFS as a screening method through model-based analysis (compared to 

CBSE and a combination of the two), of rehabilitation programs that included the 

management of PS-OD in Thailand, and of home enteral nutrition in the United Kingdom 

(£12,817 per QALY), (c) favourable ICUR of texture-modified diets using a gum-based 

thickener in Poland (ICUR of 20,977 Polish zloty [PLN] or about €4660 following a dynamic 

model), and (d) major nutrient intake and low higher hospitalisation costs using looped 

nasogastric tube (NGT) of £5.20 for every 1% increase in nutrient intake. Results of this 

systematic review showed that some healthcare interventions in the detection and 

management of OD after stroke are cost-effective or cost-saving. 

 

The cost and cost-utility of adding TES to the compensatory management of chronic PS-OD 

As additional information to the findings of this systematic review, we conducted an 

economic evaluation of the cost and the cost-utility of adding TES (SES or NMES) to the 

compensatory management of chronic PS-OD from the hospital perspective.  

 

-Resource consumption, treatment costs and treatment efficacy:  

The mean number of treatment sessions and cost per patient at 6- and 12-month follow-up 

are described in Table 9.  

 

-Incremental QoL and QALYs 

Significant higher incremental QoL was observed when comparing SES and control groups 

at 12 months, SES group: 12.17±35.57, and control group: -2.07±23.77, p=0.027; Non 

observed with other comparisons: NMES: 4.63±20.73,  p=0.243 vs. control;  p=0.123 SES 

vs. NMES; p =0.057 comparing the three groups. Although mean incremental QALYs were 
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higher for both SES and NMES groups compared to the control group, no significant 

differences were observed between study groups, NMES group: 0.0416±0.1274, SES group: 

0.0321±0.1608, and control group: 0.0047±0.1681, p=0.274;  p=0.192 control vs. SES; 

p=0.138 control vs. NMES; p=0.959 SES vs. NMES.  

 
 Controls 

(mean±SD) 
N=29 

SES  
(mean±SD) 
N=30 

NMES 
(mean±SD) 
N=30 

p-
valuec 

TES 
(mean±SD) 
N=60 

p-
valued 

TES sessions (6 
months) 

0 14.53±1.46 14.60±1.65 - 14.57±1.54 - 

TES sessions (12 
months)a 

0 25.67±6.98 22.53±8.02 - 24.10±7.62 - 

Treatment costs, (6 
months, €a) 

0 661.26±66.26 
**** 

664.45±75.21 
**** 

<0.0001 662.93±70.29  <0.0001 

Treatment costs, (12 
months, €a)  

0 1168.09±317.9
0 **** 

1025.49±365.00 
**** 

<0.0001 
1096.79±346.

87  
<0.0001 

Follow-up time 
(years) 

0.95±0.16 0.91±0.22 0.91±0.24 0.777 0.91±0.23 0.550 

Incremental QoL (12 
months, EQ-5Db) 

-2.07±23.77 12.17±35.57 4.63±20.73 0.057 8.40±28.15 - 

Incremental QALYs 
(12 months) 

0.0047±0.1681 0.0321±0.1608 0.0416±0.1274 0.274 
0.0368±0.143

9 
0.107 

**** p-value <0.0001 vs. control. a The monetary value for each TES session was set at €45.51. Cost 
expressed as 2023€. b EQ-5D health status: unchanged course of the latest utility measurement was 
considered for those patients who were not able to answer, died or abandoned between follow-up 
study periods. c p-value column shows a comparison between controls, SES and NMES groups. d p-
value column shows a comparison between controls and TES groups. 
Table 9. Treatment costs and effectiveness of TES vs. controls at 6- and 12-month follow-up a,b EQ-
5D: European Quality of Life-5 Dimensions, NMES: motor-level transcutaneous electrical 
stimulation, QALYs: Quality-adjusted life-years, QoL: quality of life, SD: standard deviation, SES: 
sensory-level transcutaneous electrical stimulation, TES: transcutaneous electrical stimulation 
 

-Fluid thickeners consumption  

A non-significant reduction in fluid thickeners consumption was observed comparing SES, 

NMES, and control groups (mean number of thickener units consumed at 12-month follow-

up: 123.50±95.55, 96.35±78.35 and 80.06±83.67; control, SES and NMES, respectively, 

p=0.169). 

 

-Multivariate analyses 

Multiple regression analyses did not find an independent and significant group effect on 

incremental QoL or QALYs after adjusting for basal QoL (Table 10). Moreover, we did not 

find an independent and significant group effect on incremental QALYs after adjusting for 
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multiple confounders (Table 11). Thus, ICUR calculation controlling incremental QALYs 

by imbalance baseline utility was not calculated.  

 
 SES vs. control NMES vs. control 

 QoL QALYs QoL QALYs 
 β p β p β p β p 
Treatment 
group 

0.063 0.306 -0.012 0.740 0.024 0.326 0.012 0.461 

Basal QoL -0.955 <0.001 -0.473 <0.001 -0.577 <0.001 -0.449 <0.001 
Table 10. Multivariate analysis, treatment group effect on quality of life and quality-adjusted life-
years adjusted by basal quality of life. NMES: motor-level transcutaneous electrical stimulation, 
QALYs: quality-adjusted life-years, QoL: quality of life, SES: sensory-level transcutaneous 
electrical stimulation 
 

QALYs SES vs. control NMES vs. control TES vs. control 

 β p β p β p 
Treatment group 0.011 0.755 0.008 0.615 0.010 0.717 
Basal QoL -0.480 <0.001 -0.460 <0.001 -0.444 <0.001 
Age -0.005 0.007 -0.002 0.086 -0.003 0.019 
Gender 0.031 0.399 0.018 0.622 0.008 0.787 

Table 11. Multivariate analysis, treatment group effect on quality-adjusted life-years adjusted by 
basal quality of life, age and gender. NMES: motor-level transcutaneous electrical stimulation, QoL: 
quality of life,  SES: sensory-level transcutaneous electrical stimulation, TES: transcutaneous 
electrical stimulation 
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6 OVERALL SUMMARY OF THE DISCUSSION OF THE RESULTS OBTAINED 
 

This doctoral thesis has comprehensively assessed the healthcare costs associated with PS-

OD and with nutritional status worsening and respiratory infections, two well-recognized 

PS-OD complications, and the available literature on the cost-effectiveness of their 

management and of adding TES to PS-OD compensatory management. 

 

The first study evaluated and synthesised the available evidence on the health costs 

associated with OD and its complications through a systematic review of the literature 

following the recommendations proposed by the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA).[156] The protocol of this systematic review has 

been published in an indexed scientific journal and registered in The International 

Prospective Register of Systematic Reviews of the Center for Reviews and Dissemination 

(PROSPERO) (register number: CRD420180999779). [142], [157] This systematic review 

has been published in an indexed journal. [158] This systematic review shows moderate 

evidence of major costs associated with OD (considering a high consistency and a large and 

direct effect through the data provided by four longitudinal studies), for major costs 

associated with pneumonia, and low evidence for major costs associated with a higher 

nutritional risk in post-stroke patients, including data from studies carried out in France, 

Switzerland, England, Argentina, Brazil, Taiwan and the USA. This systematic review 

differs from another previously published one in that it focused on the study of OD after 

stroke and explored the costs related to the complications of this disease. The previous 

systematic review aimed to evaluate the influence of OD secondary to all aetiologies on 

length of stay and costs, showing a 40.36% increase in costs for patients with OD. A 

subgroup assessment showed a higher and more variable length of stay of 4.73 days (95% 

confidence interval 2.7-7.2) for stroke patients. [61] However, this systematic review 

revealed some knowledge gaps that need to be explored in a subsequent study. For instance, 

we found only one study reporting data on the costs of OD after stroke beyond acute 

hospitalisation. On the other hand, the design and results of the studies were 

methodologically very heterogeneous, which makes it difficult to draw definitive 

conclusions since it was not possible to make a quantitative synthesis of the results. In 

addition, there is a lack of data on the non-health and social costs associated with OD. On 

the other hand, it must be considered that the relationship between the complications studied 

with OD and OD was not established in the included studies. Moreover, we could not find 
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any economic evaluation regarding the costs associated with other relevant complications of 

OD after stroke, such as (a) the need for institutionalisation after discharge, (b) the loss of 

functional capacity, (c) the costs related to the home care of these patients, (d) and the related 

mortality in the short and long term and the impaired QoL. [39]  

 

The second study of this doctoral thesis provides additional relevant data in this field. It 

assessed the acute, subacute (3 months) and long-term (12 months) costs related to OD 

and its main complications (malnutrition and respiratory infections). This study has 

been published in an indexed journal. [141] OD supposed a significant and independent 

increase in healthcare costs during hospitalisation and significantly higher mean costs at 3- 

and 12-month follow-up comparing those patients with OD at admission and those without, 

that strongly and independently increased with the worsening of the nutritional status at three 

months and for cases that suffered at least one episode of respiratory infection at 12-months. 

[141] Results from this analysis showed that patients presenting with OD at acute stroke 

admission concurred 60% greater costs at 12 months than those without. This cost increase 

is higher than that mentioned in the available evidence presented in the introduction of this 

doctoral thesis. For example, the study by Patel DA et al. reported a 42% increase for patients 

with oropharyngeal or oesophageal dysphagia in the USA, and the systematic review and 

meta-analysis provided by Attrill S et al. showed that dysphagia secondary to different 

aetiologies could increase costs by 40.36%. [59], [61] Our study showed a greater increase 

in costs for those patients with OD, this could be due to the broader range of costs considered 

in this study, including long-term care needs such as nursing home care facilities. 

 

This study shows how in patients with PS-OD the mean total costs of hospitalisation were 

lower than the chronic subacute and long-term costs, while in patients without OD after 

stroke, most costs occurred during hospitalisation. Multivariate analysis showed that long-

term costs could be more related to complications such as malnutrition or respiratory 

infections and costs during hospitalisation, more related to their effect on the consumption 

of healthcare resources. This would explain that the chronification of OD, together with the 

appearance of long-term complications, is the main explanation for the exponential increase 

in costs in these patients. Costs related to patient stays are an estimation made from public 

prices, not from actual costs provided by the hospital. These two aspects should be 

considered for future research studies. [141]  
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These high costs could not be fixed, but variable, since they could vary depending on the 

integration of health interventions, the early and comprehensive management of this clinical 

condition, the operational processes involved in each environment, or the quality-of-care 

patients receive. In this context, the aim of the third study of this doctoral thesis was to assess 

and synthesise the available evidence on the cost-effectiveness and health cost savings 

associated with the clinical, nutritional and rehabilitative management of OD after 

stroke. For this aim, we performed a systematic review of the literature following the 

recommendations proposed by PRISMA.[156] The protocol of this systematic review has 

been published in an indexed scientific journal and registered in PROSPERO (register 

number: CRD42020136245). [159], [160] This systematic review has been published in an 

indexed journal. [161] The main findings were (a) reduction in hospitalisation costs: with 

early assessment of OD in Denmark, protocolising its management after thrombolysis in 

Australia, and using commercially prepared thickened fluids in the USA, (b) cost-

effectiveness of: VFS as a screening method through model-based analysis (compared to 

clinical bedside evaluation and a combination of the two), of rehabilitation programs that 

included the management of OD in Thailand, and home enteral nutrition in the United 

Kingdom (£12,817 per QALY)  and, (c) favourable ICUR of texture-modified diets using a 

gum-based thickener in Poland (ICUR of €4660 following a dynamic model).   

 

The studies shown in this systematic review evaluated different health interventions and 

were conducted using very diverse methodologies in clinical and economic evaluation. In 

this context, the synthesis of the evidence was limited to a narrative explanation of 

everything that has been reported so far. In addition, no literature was found that assessed 

the cost-effectiveness of most interventions currently used in the care of OD, and data on the 

cost-effectiveness or cost savings associated with management interventions of OD beyond 

hospital admission for acute stroke were scarce. In addition, no intervention was evaluated 

in our setting. Despite this, this systematic review shows that some healthcare interventions 

in the detection and management of OD after stroke are cost-effective or cost-saving and 

could assist in decision-making regarding the appropriate management and treatment of OD. 

Moreover, this study serves as a framework for future research in this field and for the 

creation of an economic model of the disease that considers its comprehensive management. 

In addition, this systematic review showed the need for studies evaluating the cost-

effectiveness of healthcare interventions in the management of OD beyond acute 

hospitalisation (including the cost-effectiveness of those interventions aimed at preventing 
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PS-OD nutritional and respiratory complications) and the efficiency of innovative strategies 

in the detection, compensation and rehabilitation of OD. [161] 

 

As additional information to the findings of this systematic review, we conducted an 

economic evaluation that assessed the cost and cost-utility of adding TES to 

compensatory management in patients with chronic OD after stroke. For this purpose, 

we evaluated 90 patients who were included in a clinical trial that compared the 

compensatory management of OD (control group: postural changes, oral hygiene 

recommendations, thickened fluids and modified texture diet, when required according to 

VFS evaluation), with the addition of SES or NMES. Data were obtained from a previously 

published randomised, prospective, controlled, three-arm, open-label, analysis-blinded 

clinical trial. [133] This clinical trial showed SES and NMES-treated groups significantly 

improved swallowing parameters at one year of follow-up for the prevalence of patients with 

safe swallowing, mean PAS score, time to closure of the laryngeal vestibule and the need 

for thickening agents, with no significant related adverse events reported. Patients in the 

compensatory treatment group showed a weaker improvement in signs of impaired 

swallowing safety, with no significant changes in laryngeal vestibule closure time. In 

addition, no differences were observed between the groups in terms of mortality (6.1%), 

respiratory infections (9.6%), nutritional and functional status, QoL and hospital 

readmission rates (27.6%) in the follow-up year. These benefits were maintained in the long 

term, suggesting that this therapy could be cost-effective by improving swallowing function 

at a low cost. On the other hand, both SES and NMES reduced the need to thicken fluids, 

allowing an improvement in the safety and biomechanics of swallowing, moving the 

therapeutic management of these patients from the use of classic compensatory strategies to 

the safe restoration of swallowing. [133] This thesis presents a study showing the added 

hospital resource consumption, cost and cost-utility of adding TES to compensatory 

management in patients with chronic OD after stroke. The mean treatment cost of TES at 12 

months was €1096.79 ± €346.87, mainly attributed to healthcare facilities and specialised 

personnel requirements. Bivariate analysis showed a significantly higher incremental QoL 

for those patients in the SES group compared to the control group at 12 months (SES: 12.17 

± 35.57, and control: -2.07 ± 23.77, p=0.027), but non-significant differences for incremental 

QALYs (SES: 0.0321 ± 0.1608, control: 0.0047 ± 0.1681, p=0.192 vs. control, and NMES: 

0.0416 ± 0.1274,  p=0.138 vs. control), nor when adjusted for additional confounders. 

Additionally, we observed a non-significant reduction in thickener units resource 
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consumption for those patients in the SES and NMES groups compared to controls (mean 

number of thickener units consumed at 12-month follow-up: 123.50±95.55, 96.35±78.35 

and 80.06±83.67; control, SES and NMES, respectively, p=0.169). This study shows how 

the cost of incorporating TES in the compensatory management of chronic OD after stroke 

was mainly attributable to the structural and specialised personnel requirements and could 

represent favourable cost-benefit due to the reduction in the need to use thickeners. When 

calculating mean differential QALYs, we used multiple regression analysis to control for 

imbalance baseline QoL and avoid misleading ICUR estimation. In this study, SES was 

significantly related to a greater improvement in patients' QoL and to an increase in 

incremental QALY, which was not observed when adjusting for basal QoL or also 

considering other confounders in multivariate analyses. QALYs are the most widely used 

measure of health gain in economic evaluation studies. However, some explanations could 

contribute to the limited findings of this analysis. For instance, the effect of treatment on 

QALY was only measured during the first year of follow-up after the start of treatment, 

which could limit the findings of this study, especially in the case of using QALYs for 

calculations. On the other hand, the small size of the studied sample could contribute to 

limiting the results of multivariate analysis considering multiple variables. In addition, the 

fact that all patients in this study received comprehensive OD care, including appropriate 

diagnosis, follow-up and compensatory management in both the control and the study group, 

which could reduce the clinical and QoL differences between the two groups, must be 

considered. Thus, further analyses considering the cost-effectiveness of TES improvement 

in signs of impaired swallowing safety could be appropriate.  

 

According to the results observed in this doctoral thesis and the evidence accumulated in 

other previous investigations, we can affirm that the economic burden of PS-OD is high. PS-

OD is associated with significantly longer lengths of hospital stay, higher costs associated 

with hospital stays, greater likelihood of patients being discharged to post-acute care 

facilities after hospitalisation, and poorer prognosis. [59] Apart from the costs associated 

with the acute hospital care of OD and its complications, other costs must also be considered, 

such as those arising from its long-term chronic care. Some of these costs would be 

associated with the institutionalisation of patients in nursing homes and sociosanitary care 

institutions or long-term rehabilitation facilities. On the other hand, it would also be 

necessary to consider the direct non-health costs and indirect costs due to the loss of 

productivity of these patients. [141]  However, the fact that many cases are at risk of not 
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benefiting from the comprehensive care of OD, currently an underdiagnosed and 

undertreated clinical condition in many settings, could lead to a greater increase in the costs 

associated with its complications. [142] Currently, stroke is the first cause of disability and 

one of the main causes of dementia in our environment and the second cause of death in the 

world, with an incidence that is increasing globally in young people. [32] - [34] 

Approximately 1.1 million European citizens suffer a stroke each year, with an incidence of 

around 191.9 cases per 100,000 inhabitants. Of these, it is estimated that between 20% and 

35% die, and that approximately one-third of those who survive will suffer a situation of 

functional dependence. [35] In Spain, nearly 120,000 people suffer a stroke each year and 

approximately 25,000 die. In addition, it is estimated that by 2025 the number of cases in 

Europe will reach 1.5 million annually. [35], [36] This progressive increase in the prevalence 

of patients who will survive an acute episode of stroke will, at the same time, lead to an 

increased prevalence of PS-OD in our environment. As previously mentioned, OD affects 

between 40% and 78% of patients with acute stroke and remains chronic in up to half of the 

cases. [38] - [41] These data could compromise a significant increase in the number of 

patients affected by PS-OD in the coming years. In addition, these patients will be at greater 

risk of developing complications related to malnutrition or respiratory infections, one of the 

main causes of poorer prognosis and an increase in the need for health resources in this 

population. [20], [37] 
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7 CONCLUSIONS  
 

C1. OD and its complications are associated with a significant increase in the need for health 

resources during hospitalisation for acute stroke and also during later recovery phases and 

long-term follow up. 

 

C2. OD involves significantly higher healthcare costs during the acute stroke phases that 

increase substantially and significantly with the development of its main complications, 

malnutrition and respiratory infections in the subsequent phases of stroke recovery and long-

term follow up. 

 

C3. Interventions aimed at the early detection and comprehensive management of OD after 

stroke which have a positive clinical effect by preventing OD complications tend to be cost-

effective and/or save economic costs. 

 

C4. The cost of adding the TES to the rehabilitative and compensatory management of 

chronic PS-OD is mainly attributable to healthcare facilities and specialised personnel 

requirements. Prior analyses showed TES improved the biomechanics and the safety of 

swallowing, leading to a reduction in the need for fluid thickening for safe swallowing in 

these patients at 1-year follow up. More studies are required to assess the resource and cost 

reduction associated with the need for thickener use and the cost-effectiveness of OD 

improvement. 
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8 FUTURE PERSPECTIVES 
 

This doctoral thesis has increased the available evidence on the costs associated with OD 

after stroke and on the cost-effectiveness of its therapeutic management. 

 

The main future perspectives that can be derived from these studies are: 

 

-The comprehensive interest in the costs associated with PS-OD is broad and includes: (a) 

the costs associated with the increase in healthcare resources as a result of the presence of 

OD, obtained from health economic analysis studies and considering the prevalence and 

evolution of PS-OD and the long-term development of its nutritional and respiratory 

complications, (b) the impact of OD on the consumption of health resources beyond acute 

healthcare contexts such as institutionalization costs, direct non-health costs, indirect costs 

and intangible costs, and also those costs measured from perspectives other than healthcare 

but which also have an effect on society such as costs considered from the patient perspective 

or from the societal perspective, (c) the cost-effectiveness relationship associated with the 

comprehensive management of the OD, obtained from economic evaluation studies in 

health, an analytical methodology aimed at comparing the costs and consequences for health 

of applying different alternatives, and (d) the cost-effectiveness of innovative PS-OD 

management strategies that should be assessed through economic analysis studies and 

randomised clinical trials in the near future. [152] 

 

-These different perspectives in cost analysis would condition both the type of analysis to be 

carried out and the costs to be considered. Therefore, different types of costs would be of 

interest in the case of PS-OD: (a) direct costs of healthcare (related to the consumption of 

health resources such as hospitalisation, need for care at institutions such as nursing homes, 

socio-sanitary centers or rehabilitation facilities, visits to primary care or outpatient hospital 

care, costs associated with attention from healthcare professionals such as physicians, 

pharmacists, dietitians, physiotherapists or speech therapists, and the costs associated with 

the consumption of medicines, diagnostic tests, adapted diets, the need for NS and 

endoscopic insertions of percutaneous gastrostomies, in addition to the specific costs related 

to the care of complications associated with OD, (b) direct non-healthcare costs (related to 

the provision of or access to medical services and treatments such as transport or social care), 

(c) indirect costs (costs due to lost productivity, and costs associated with the morbidity and 
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mortality of OD and the time spent) and, (d) intangible costs which would be the costs related 

to the suffering and pain associated with a disease or its management. These mentioned costs 

are high and comparable to those of other chronic diseases such as metabolic, cardiovascular, 

neurodegenerative or infectious ones. [152] 

 

-The health impact and costs of PS-OD should be considered not only from the hospital 

perspective but also during the subsequent subacute and chronic phases of stroke and 

considering the development of OD complications in the long term. This increase in the 

economic costs of OD is also a reflection of the serious clinical consequences of OD and its 

complications in stroke patients. 

 

-OD is associated with significantly longer lengths of hospital stay and a greater likelihood 

of patients being discharged to post-acute care facilities after hospitalisation, and poorer 

functional status and prognosis. Moreover, it is related to higher economic costs during acute 

stroke hospitalisation and subsequent recovery phases. In addition, the increasing number of 

stroke cases in Europe will compromise an even greater economic burden of OD both for 

the health system and for society. However, the fact that in many cases these patients cannot 

benefit from the comprehensive care of OD, currently a clinical condition insufficiently 

detected and addressed in many settings, could lead to a greater increase in the costs 

associated with its complications. Some of these costs would be related to institutionalising 

patients in nursing homes or social health care centres or the need for long-term rehabilitation 

facilities. These high costs could not be fixed, but variable, since they could vary depending 

on the integration of health interventions, the early and comprehensive management of this 

clinical condition, the operational processes involved in each environment, or the quality-

of-care patients receive. In this context, the application of programs for the screening and 

systematic care of OD in patients after stroke would be justified and could lead to cost 

savings in addition to the clinical benefits for patients. Economic evaluation studies 

assessing these programs will have a relevant importance, providing data on the potential 

cost savings and the cost-effectiveness of the comprehensive management of OD after 

stroke. 

 

 

-There is still little data in some points related to the economic impact of PS-OD, future PS-

OD cost studies should consider the costs of the patient's care outside the acute hospital stay, 
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social costs and non-healthcare costs, and the cost-effectiveness of therapeutic management. 

Moreover, some aspects remained unstudied and must be considered as future research areas. 

For instance, it would also be necessary to consider the health costs related to the 

instrumental evaluation and treatment of OD after stroke, which have not been 

comprehensively considered yet in the available literature. For instance, it could be the 

hospital costs associated with instrumental assessments such as VFS or FEES, that should 

be considered during the acute and subsequent stroke recovery phases. Moreover, healthcare 

costs associated with behavioural interventions provided by speech therapists or 

rehabilitation programmes should also be considered. Finally, costs related to patient 

mortality have not been yet considered in any study, and this could lead to an artificial 

reduction of the mean cost for those patients in OD groups, as they have higher mortality 

rates.  

 

-Beyond the importance of knowing the consumption of health resources and costs 

associated with pathology, the study of the cost-effectiveness of health interventions that can 

be used in its management provides relevant information to be used by health managers in 

the allocation of resources for the management of this pathology. To date, the cost-

effectiveness of healthcare interventions aimed at detecting, providing an assessment and 

specialied management and treating OD, avoiding its complications, has been little studied. 

Studies in this area have recently appeared and have focused on the population with OD after 

stroke. However, the findings of these studies could be very dependent on the study context 

and difficult to extrapolate to other realities, so the performance of economic evaluations in 

this field could be a relevant work framework in the coming years. [160], [161]  

 

According to these perspectives, the main advances in this area of knowledge in the coming 

years will be obtaining more data on the costs associated with OD, especially beyond the 

acute management of patients, and considering acute health and social costs in-hospital and 

long-term related to nutritional and respiratory complications, as well as direct non-

healthcare and indirect costs, and on the cost and cost-effectiveness of those interventions 

intended to improve post-stroke swallow physiology and prevent the clinical complications 

of OD. 
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