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Preface

This is a unique book that gives an update on the management of dysphagia due 
to various disorders. It discusses both the diagnostic and therapeutic aspects of 
dysphagia. Management of dysphagia due to corrosive ingestion can be challenging. 
In the chapter on acute management in corrosive ingestion, the author describes 
the Zargar classification and step-by-step management. Postoperative dysphagia 
following anterior cervical spinal surgery is common. In the chapter on this topic, 
the authors review this clinical problem’s pathogenesis and provide perioperative 
and postoperative recommendations. In a chapter on amyotrophic lateral sclerosis, 
the authors describe the different mechanisms of dysphagia in this disease. 
Although dysphagia is managed endoscopically or surgically most of the time, 
nutritional management is also extremely important, particularly in neurogenic and 
neuromuscular diseases. A chapter on this subject reviews the different nutritional 
supports in neurogenic dysphagia in detail. Another chapter examines the role of 
surgery in patients with advanced achalasia and esophageal diameter of 6 cm or 
more. Patients with head and neck cancer develop dysphagia after radiation and 
surgical treatment. Lipofilling is a technique of autologous transplantation of fat 
from one place to another. One chapter describes the role of lipofilling in head 
and neck cancer patients who develop post-treatment dysphagia. The mechanism 
of dysphagia in neuroinflammatory diseases of the central nervous system is 
complex. Another chapter presents the pathophysiology, clinical assessment, and 
treatment of dysphagia in this category of patients. IQoro is a clinically effective oral 
neuromuscular treatment for dysphagia due to stroke and cerebral palsy. It activates 
all the muscles for swallowing. The final chapter describes this treatment in detail. 
This book is a useful reference for physicians, surgeons, speech therapists, and 
nutritionists involved in managing dysphagia.

Monjur Ahmed, MD, FRCP
Thomas Jefferson University,

Philadelphia, USA
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Injury





3

Chapter 1

Acute Management in Corrosive 
Ingestion
Prasit Mahawongkajit

Abstract

Corrosive ingestion is an important health problem and medical emergency 
worldwide. It occurs by accident or by intention. Acids cause coagulation necrosis, 
and alkalis cause liquefaction necrosis. In the acute period, stabilization of the 
patient is most important. Airway assessment and prompt management are a 
priority for severe cases. Caustic substance reflux into the esophagus resulting in 
further damage should be prevented. The initial evaluation should be performed 
by endoscopy and graded according to the Zargar classification. Computed tomog-
raphy (CT) should be used to assess injury to the esophagus because CT is non-
invasive. For Zargar 3b injuries, views from both endoscopy and CT scans should 
be considered. Post-corrosive esophageal stricture is a complication that responds 
poorly to treatment. Research and development for stricture prevention are ongo-
ing, especially for Zargar 2b and 3a cases.

Keywords: corrosive esophageal injury, caustic injury, esophageal perforation,  
post-corrosive esophageal stricture

1. Introduction

Corrosive ingestion is a medical emergency that is especially prevalent in develop-
ing countries such as Thailand [1–9]. Since 2020, the COVID-19 has had an enormous 
impact on many sectors worldwide, and it had affected the trend of rising incidence 
and severity of diseases [10]. However, the actual incidence should not be precise 
as the tip of the iceberg phenomenon is probably under-report [4, 8]. Currently, 
various studies on this topic are still being developed for medical knowledge to the 
achievement goal of the best practice. Perforation and stricture are complications of 
corrosive ingestion which are currently being researched and which are discussed in 
this chapter.

2. Cause of injury

Caustic injuries are caused by the ingestion of substances with acid or base 
properties. Acids cause coagulation necrosis, and alkalis cause liquefaction necrosis. 
Corrosive ingestion in children is usually accidental. In adults, it might be related 
to suicide. Therefore, it is a public health concern with mental and socioeconomic 
aspects [1, 2, 6, 11].
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3. Impact of corrosive injury

Morbidity with mortality rates of corrosive injuries are high [12, 13]. Airway 
assessment and prompt management are priorities in emergency settings, especially in 
severe cases [2, 13, 14]. Extensive burns can cause the fragile esophageal wall to become 
perforated. Physicians must evaluate this condition as soon as possible. Stricture is 
another complication that physicians need to evaluate. Post-corrosive esophageal 
strictures cause patients to suffer and are difficult to treat [2–4, 9, 12, 15–19].

4. Pathophysiology

Caustic substances with pH less than two or more than 12 are especially destruc-
tive. Form, concentration, amount of ingestion, and contact duration also affect 
the results. Acidic substances generate coagulation necrosis which creates eschar 
formation. Eschar can limit the penetration of injuries [16]. On the other hand, 
alkaline substances melt the tissue protein and initiate liquefactive necrosis with 
saponification that can penetrate deeper into the esophageal wall [17].

Perforation occurs in the acute stage of severe esophageal injuries. As a conse-
quence of perforation, stricture follows during the recovery stage. Tissue injuries 
after corrosive ingestion go through three phases. Phase 1 is characterized by cell 
necrosis and thrombosis, 48–72 hours after the event. Next, in Phase 2, there is 
mucosal sloughing with ulceration of the esophageal wall plus fibroblast coloniza-
tion and granulation. This phase continues for 14 days from the Phase 1, and the 
esophagus is friable during this phase. Finally, in Phase 3, the healing process starts 
in the third week and usually continues 3–6 months [3, 20, 21].

5. Management

When patients arrive at the emergency department, stabilization of the patient 
is the most important target for this stage [21]. Signs and symptoms that often 
occur in corrosive ingested patients include burning of the oral cavity, drooling, 
nausea, and vomiting. Upper gastrointestinal bleeding can be found in severe cases, 
indicating substance injuries to the alimentary tract. Respiratory trauma can result 
in hoarseness, difficulty to breathe, stridor, and airway compromise. Esophagus 
perforation can be expressed as mediastinitis, chest wall emphysema, and pneumo-
thorax, depending on time and severity.

Physicians should first examine the airway, especially for signs of aspiration or 
laryngeal injury. Physical examination and history taking should be done for details of 
the corrosive substance, the volume, timing before admission, pre-hospital treatment, 
and cause of ingestion. The patient should be given nil per os (NPO) and adequate 
resuscitation. Nasogastric tube intubation, gastric lavage, administration of emetic 
drugs, and neutralizing agents are not recommended because reflux of these agents into 
the esophagus could result in further damage [1, 8, 21]. Intravenous broad-spectrum 
antibiotics may benefit a patient with high-grade esophageal injuries. The investigation 
by chest and abdominal radiography should be evaluated. In cases of attempted suicide, 
the patient should be evaluated by the psychiatric department [1, 3, 4, 9, 22, 23].

The initial evaluation of the severity of a caustic injury provides important 
information. Esophagogastroduodenoscopy (EGD) is recommended for grading 
esophageal injuries following the Zargar classification (Table 1). Zargar classifica-
tion can assist prognosis and guide clinical management [16]. The EGD should be 
done as soon as possible within 24–48 hours. Performing endoscopy after 48 hours 
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is not recommended because the tissue injuries go through Phase 2 when they 
should not be subjected to an unwanted event [16, 21]. For patients with Zargar 
grade 1 and 2a, an oral diet may be given. Patients with Zargar grade 2b and 3a can 
start an oral diet once they can swallow saliva. Esophagectomy should be performed 
on patients with Zargar grade 3b injuries.

The method for assessing the degree of esophageal damage by computed 
tomography (CT) with scoring was recently established as a noninvasive modality 
[24]. Nowadays, the use of CT scans of the chest and abdomen is increasing. CT can 
assist prognosis after ingestion, but it is still inconclusive [25–27]. CT also provides 
extraesophageal information regarding anatomies such as the mediastinum, lung, 
and pleural cavity, which endoscopies do not (Table 2).

6. Perforation

Although an endoscopy is an important tool for initial evaluation, contrain-
dications are suspected perforation, oral cavity necrosis, and airway injury with 

Zargar classification Description

Grade 0 Normal finding on endoscopic examination

Grade 1 Edema and hyperemia of the mucosa

Grade 2a Friability, blisters, exudates, hemorrhages, whitish membrane, erosions, and 
superficial ulceration

Grade 2b Grade 2a plus deep discrete or circumferential ulceration

Grade 3a Small scattered areas of multiple ulceration and areas of necrosis with brown-
black or grayish discoloration

Grade 3b Extensive necrosis

Table 1. 
Zargar classification of corrosive esophageal injury.

Score Endoscopic score [16] Computerized tomography score [24]

0 Grade 0; Normal Normal

I Grade 1; Edema and hyperemia of the mucosa No definite swelling of esophagus wall 
(<3 mm, within normal limit)

II Grade 2a; Friability, blisters, exudates, 
hemorrhages, whitish membrane, erosion, and 
superficial ulceration

Edematous wall thickening (>3 mm) 
without periesophageal soft tissue 
infiltration

Grade 2b; Grade 2a plus deep discrete or 
circumferential ulceration

III Grade 3a; Small scattered areas of multiple 
ulceration and areas of necrosis with brown-
black or grayish discoloration

Edematous wall thickening with 
periesophageal soft tissue infiltration pulse 
well-demarcated tissue interface

Grade 3b; Extensive necrosis

VI Grade 4; Perforation Edematous wall thickening with 
periesophageal soft tissue infiltration plus 
blurring of tissue interface or localized 
fluid collection around the esophagus or the 
descending aorta

Table 2. 
Endoscopic score and computerized tomography score of corrosive esophageal injury.
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Figure 1. 
The treatment options for post-corrosive esophageal stricture. (A) Severe post-corrosive esophageal stricture; 
(B) Savary-Gilliard dilator; (C) endoscopic balloon dilation; (D) esophagectomy with open right 
thoracotomy; (E) esophagectomy with video-assisted thoracoscopic surgery (VATS); (F) reconstruction with 
cervical anastomosis after esophagectomy; (G, H) right side colonic conduit for esophageal replacement; and 
(I) subcutaneous colon interposition.

compromised respiration. CT scans can safely provide details about esophageal 
transmural necrosis consisting of esophageal wall blurring, peri-esophageal fat 
stranding, and no enhancement of esophageal wall after administration of intra-
venous contrast [24]. Recent studies reported that unnecessary esophagectomy 
following endoscopic evaluation of patients with Zargar grade 3b could have been 
avoided if CT had been used [28–30].

Both CT and endoscopy have distinctive advantages. CT is minimally invasive 
with high sensitivity and specificity [24, 25, 27–30]. Intra-luminal evaluation by 
endoscopy reveals subtle details of the esophageal mucosa and degrees of damage 
[31]. The combination of CT and endoscopy is especially useful for examining 
patients with Zargar 3b injuries [8, 30, 31].

7. Stricture

As the esophagus is healing following ingestion of a corrosive substance, the 
possibility of stricture should be assessed. Post-corrosive esophageal stricture is a 
complication that produces suffering for victims [9, 15, 17]. Esophageal dilation is 
a therapeutic intervention of choice to perform at the onset of stricture. If left until 
later, the procedure becomes more difficult, decreasing the success and increasing 
adverse events [21, 32–36]. Esophageal dilatation can be performed repeatedly 
according to schedule and using various dilators such as Maloney-Hurst, Savary-
Gilliard, and Balloon dilator under the endoscopy, fluoroscopy, or both. Alternative 
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methods for post-corrosive esophageal stricture such as esophageal stenting  
[21, 37, 38], intralesional steroids [21, 39–43], and, Mitomycin-C [21, 44–48] have 
been published with various outcomes. These options might supplement dila-
tion with better results. In cases of severe stricture, failure to dilate, or refractory 
strictures, surgery might be necessary (Figure 1) [4, 18, 19, 49–54].

Post-corrosive esophageal stricture should highly consider inpatient with Zargar 
grade 2b and 3a [4, 5, 8, 9, 16, 55]. Although various treatment strategies have been 
developed, none of them can provide outstanding results. Stricture prevention would 
be the ideal method. Corticosteroids reduce inflammation, but the benefit is incon-
clusive. Steroids cause severe adverse side effects such as esophageal candidiasis, gas-
tric ulcer, ethmoiditis, osteomyelitis, and osteoporosis [56–58]. Recent studies have 
demonstrated that omeprazole with proton pump inhibitor activity could enhance 
healing, reduce stricture, and reduce the short-term risk of developing esophageal 
stricture in patients with 2b and 3a corrosive injuries [9, 59–61]. However, further 
studies of omeprazole are needed to corroborate these findings (Figure 2).

8. Conclusion

Corrosive ingestion is a serious medical emergency that is a global problem, 
especially in several developing countries. When patients arrive at the emergency 
department, stabilization of the patient is initially the most important target. 
Airway assessment and prompt management are the priorities for emergency 
settings, especially in severe cases. Any intervention that might cause substance 
reflux into the esophagus resulting in further damage is not recommended. Current 
methods for assessing the degree of esophageal damage are early endoscopy for 
Zargar classification and CT scan, which focuses on ruling out perforation. Post-
corrosive esophageal stricture can be a consequent complication with poor treat-
ment outcomes, and stricture prevention is an interesting idea.

Figure 2. 
Schematic diagram of corrosive ingestion in esophageal injury.
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Abstract

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative  
disorder of unknown etiology that affects upper and lower motor neurons result-
ing in progressive atrophy of skeletal muscles. There are two forms of ALS: spinal 
motor neuron injury and bulbar paresis. Dysphagia is a highly prevalent severe 
and invalidating symptom in ALS: almost 80% of ALS patients with bulbar paresis 
will develop dysphagia. Also, dysphagia is one of the most common and serious 
complications, with respiratory insufficiency, in patients with ALS as it exposes 
them to malnutrition, dehydration and aspiration pneumonia. These conditions 
are reported to be associated with a minor survival in patients with ALS. Screening 
for dysphagia must be performed in all ALS patients at diagnosis and during the 
follow-up to approach dysphagia as soon as possible. This chapter includes the latest 
developments in the assessment and approach of dysphagia in ALS patients.

Keywords: dysphagia, neurodegenerative disorder, amyotrophic lateral sclerosis, 
malnutrition, swallowing

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease that  
characteristically affects the upper motor neuron (located in the motor cortex) and 
the lower motor neuron (located in the brainstem and medullary anterior horn). As 
a consequence, muscular weakness ensues, which progresses to paralysis, spreading 
from one body region to another in a way that affects motor autonomy, oral com-
munication, swallowing and breathing [1]. ALS is an irreversible, disabling chronic 
disease with serious complications.

ALS is the third neurodegenerative disease in incidence, after dementia and 
Parkinson’s disease. It is, together with its variants, primary lateral sclerosis, pro-
gressive muscular atrophy, and progressive bulbar palsy, the most common motor 
neuron disease in adults. The incidence of ALS is between 1.5 and 2.5 new cases per 
100,000 inhabitants per year, and the prevalence is between 4 and 6 people per 
100,000 inhabitants, being relatively uniform in Western countries [2, 3].
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The diagnosis of ALS is currently based on the Awaji criteria [4], respectively, the  
revised El-Escorial criteria [5]. Also, the Gold-Coast criteria have recently been 
proposed [6].

ALS occurs in two main forms: the central or bulbar form, also known as 
progressive bulbar palsy, and the peripheral or spinal form. In bulbar ALS, at least 
80% of patients will develop dysarthria and dysphagia [7], while in the spinal or 
peripheral form, muscle weakness predominates, although dysphagia may appear in 
the evolutionary course.

Currently, there is no curative treatment, but there are some effective measures 
to prolong patient survival, such as nutritional management, whose aim is the 
prevention of malnutrition and the improvement of quality of life. Riluzole is the 
only medication approved for treatment of ALS by the United States Food and 
Drug Administration and the European Medicine Agency. Its mechanism of action 
is complex and includes inhibition of glutamate release, blocking of receptors 
for excitatory amino acids, inactivation of voltage-gated sodium channels, and 
stimulation of a G-protein-dependent signal transduction. Riluzole is generally well 
tolerated and may prolong survival by 2–3 months [8]. Recent reports suggest that 
riluzole could increase the survival of patients with ALS for up to 19 months [9].

Nonetheless, survival of ALS patients from diagnosis is 20% at five years after 
diagnosis of the disease [10]: mean survival of ALS is 3–5 years, with 5–10% living 
longer than 10 years [11]. The main causes of mortality are respiratory failure and 
malnutrition with dehydration [12, 13].

ALS patients frequently present malnutrition, this being an independent 
prognostic factor for survival [14]. The causes of malnutrition are the appearance 
of dysphagia, whose prevalence reaches 80% in the evolutionary course of ALS, as 
well as the decrease in intake due to loss of autonomy, muscle atrophy, fatigue and 
increased energy requirements.

The prevalence of malnutrition varies from 16 to 53% depending on the 
parameters used [15], the form of presentation of the disease and the moment in 
its evolutionary course. Therefore, a nutritional assessment is recommended in all 
patients diagnosed with ALS, whether bulbar or spinal, at the time of diagnosis of 
the disease [12].

The follow-up and nutritional approach of these patients is chronic, without 
considering the possibility of discharge or end of follow-up. However, there are no 
precise premises regarding follow-up (frequency of visits) [12]. Furthermore, it 
is important to bear in mind that the management of these patients is multidisci-
plinary (Pneumology, Neurology, Rehabilitation, etc.) and requires closer surveil-
lance than other types of patients.

Swallowing is a complex act that relies on the correct coordination of motor and 
sensory systems of oral, pharyngeal and esophageal strictures. Dysphagia is defined 
as the difficulty in passing the food bolus from the mouth to the stomach caused 
by the anatomical or functional alteration of various structures involved in swal-
lowing. It includes the behavioral, sensory and motor alterations that occur during 
swallowing, including the state of consciousness prior to the act of eating, the 
visual recognition of food and the physiological responses to the smell and presence 
of food.

Swallowing disorders can appear acutely or insidiously and progressively. 
Dysphagia is classified according to its etiology (mechanical or motor) or according 
to its location (oropharyngeal or esophageal).

In ALS patients, dysphagia is progressive, motor, and occurs both at the 
oropharyngeal and esophageal levels. Its prevalence is 30% at diagnosis, with an 
increasing incidence as the disease evolves, appearing in up to 80% of patients 
with ALS [7, 12].
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The importance in the diagnosis of dysphagia lies in its complications, 
derived from a decrease in a reduction in the efficacy and safety of swallowing. 
Complications from dysphagia include malnutrition, dehydration, aspiration and 
pneumonia. Malnutrition and aspiration increase the risk of death by 7.7 times in 
ALS patients, hence the importance of its diagnosis and approach [11].

2. Physiopathology of dysphagia: focusing on ALS

Swallowing is a complex act that involves the coordination of multiple sensory 
and motor systems. During the oral phase, the tongue forms and holds a bolus on 
the anterior tongue. Currently, the posterior tongue prevents the food from enter-
ing the pharynx prematurely. After bolus formation, the posterior transport of 
the bolus is initiated by the anterior tongue pressing against the hard palate. In the 
pharyngeal phase, the posterior tongue retracts against the pharyngeal wall and 
contributes to the downward propulsion of the bolus [16].

ALS may present with a combination of spastic and flaccid weakness that 
can affect swallowing significantly. Dysphagia in ALS results from bulbar 
sensory-motor neurodegeneration, which is a pathognomonic feature of ALS [1]. 
Involvement of the motor nuclei located in the brainstem causes the characteristic 
bulbar muscle weakness and atrophy, leading to dysphagia. Oropharyngeal impair-
ment of the tongue has been identified, but the underlying mechanisms of its motor 
dysfunction are not completely understood [17].

Impairment of the tongue seems to represent a major risk factor for aspiration 
[18]. One study showed a correlation between tongue pressure and the severity 
of dysphagia and physical performance in 39 patients with ALS [19]. Although 
swallowing pressures are known to be considerably weaker than maximum pres-
sure exerted by tongue-palate contact pressure tasks, specific measures of maxi-
mum tongue strength have been shown to be associated with overall swallowing 
performance [20].

The occurrence of dysphagia in ALS patients is also related to impairments in the 
upper aerodigestive tract and respiratory and laryngeal muscles to the extent that 
they affect the expiratory phase of voluntary cough. There is a strong connection 
between poor effective voluntary cough and the presence of penetration/aspiration 
events [21].

One study looked into the pathophysiological mechanisms of dysphagia in 43 
patients with sporadic ALS, using clinical and electrophysiological methods that 
objectively measured the oropharyngeal phase of voluntarily initiated swallowing, 
and compared them with those obtained from 50 age-matched control subjects 
[22]. Laryngeal movements were detected by a piezoelectric sensor and muscle 
electromyography (EMG) of submental muscles, while needle EMG recorded the 
activity of the cricopharyngeal muscle of the upper esophageal sphincter (UES) 
during swallowing. ALS patients with dysphagia displayed the following abnormal 
findings: 1) submental muscle activity of the laryngeal elevators, which produce 
reflex upward deflection of the larynx during wet swallowing, was significantly 
prolonged, whereas the laryngeal relocation time of the swallowing reflex remained 
within normal limits; 2) concerning the cricopharyngeal sphincter muscle, EMG 
demonstrated severe abnormalities during voluntarily initiated swallows. The open-
ing of the sphincter was delayed and/or the closure occurred prematurely, the total 
duration of opening was shortened, and, at times, unexpected motor unit bursts 
appeared during this period; and 3) during voluntarily initiated swallow, there was 
a significant lack of coordination between the laryngeal elevator muscles and the 
cricopharyngeal sphincter muscle. These results point at two pathophysiological 
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mechanisms that cause dysphagia in ALS patients: 1) the triggering of the swallow-
ing reflex for the voluntarily initiated swallow is delayed and eventually abolished, 
whereas the spontaneous reflexive swallows are preserved until the preterminal 
stage of ALS; 2) the cricopharyngeal sphincter muscle of the UES becomes hyper-
reflexic and hypertonic. As a result, the laryngeal protective system and the bolus 
transport system of deglutition lose their coordination during voluntarily initiated 
swallowing.

Another study investigated the variations of esophageal peristalsis in 28 ALS 
patients with predominantly bulbar or predominantly pseudobulbar clinical 
presentation by using esophageal manometry (EM) [23]. Swallowing was initiated 
with 5–10 mL of water (wet swallows) and saliva (dry swallows) and repeated at 
30-second intervals. The manometric parameters were measured automatically and 
visualized by the computer system. In patients with pseudobulbar presentation, 
an increase of the resting pressure value in the UES >45 mmHg, a wave-like course 
of resting pressure, and toothed peristaltic waves were observed. In patients with 
bulbar presentation, a low amplitude of peristaltic waves <30 mmHg (mean: 17 ± 5) 
was recorded, without signs of esophageal motility disturbance at onset or during 
progression. EM procedure allows objectively distinguishing dysphagia in ALS 
patients due to bulbar syndrome from dysphagia due to pseudobulbar syndrome. It 
is crucial to identify patients with pseudobulbar clinical presentation due to their 
high risk of aspiration.

When considering management and treatment of dysphagia, visualization of 
physiology is the only reliable method to understand the pathophysiology of this 
condition [24].

3. Dysphagia assessment

The diagnosis of dysphagia is of utmost importance, given the burden of this 
symptom, causing malnutrition, dehydration, aspiration pneumonia, respiratory 
failure, and reduced quality of life. Aspiration and malnutrition increase the risk 
of death [25]. Early identification of dysphagia facilitates improved management, 
reduced risk of malnutrition and postponed percutaneous endoscopic gastrostomy 
(PEG) tube placement [26, 27]. The search for dysphagia as early as possible is key 
in order to prevent its complications.

The diagnosis of dysphagia is more easily performed at multidisciplinary clinics. 
A dysphagia assessment should be performed in all patients with ALS, both at 
diagnosis and during follow-up, with a recommended frequency of every 3 months, 
as part of a complete clinical and neurological evaluation [12].

Dysphagia can be underestimated in ALS due to progressive adaptation to the 
slow bulbar deterioration and given the inconsistencies in what patients report 
about the condition. Often, oral stage deficits like difficulties in chewing or oral 
residue are not reported by the patient until pharyngeal stage deficits, such as 
coughing or choking, are observed.

A clinical swallow evaluation for suspected dysphagia involves medical history, 
physical inspection of swallowing, instrumental evaluation, pulmonary function, 
and bulbar function. However, most importantly, a screening test for dysphagia 
should be carried out.

Medical history. This includes the reporting of symptoms related to dysphagia, 
kind of diet, assistance with feeding, changes in body weight, coughing or chok-
ing with meals, length of time needed for food intake and saliva management. A 
validated questionnaire to assess these symptoms is the Eating assessment tool 10 
(EAT-10), which has been validated for use in ALS [27]. This study reported high 



21

Dysphagia of Neurological Origin – Amyotrophic Lateral Sclerosis
DOI: http://dx.doi.org/10.5772/intechopen.101753

clinical utility and ability to detect aspiration risk in ALS (86% sensitivity, 76% speci-
ficity and 95% negative predictive value). However, the validation of the test was 
performed only against penetration and aspiration scores on the videofluoroscopic 
swallowing study (VFSS) and not against any overall parameter of swallowing effi-
ciency and safety. The kind of diet can be evaluated by the Neuromuscular Disease 
Swallowing Status Scale (NdSSS) and the Swallowing subscale on Amyotrophic 
Lateral Sclerosis Severity Scale (ALSSS). However, these scales do not detect all the 
patients with alterations in swallowing [28]. An important parameter related to 
dysphagia and intake is weight loss, which is, therefore, mandatorily recorded at all 
visits. Moreover, it is important to remember that weight loss and dietary intake are 
associated with more than just dysphagia.

Physical inspection of systems involved in swallowing and swallowing muscu-
lature should go beyond the mere observation of swallowing competence with test 
swallows. A dysphagia/aspiration screening evaluation is useful when determining 
the dysphagia risk; however, only limited validation has been completed in ALS. 
One study validated the volume-viscosity swallowing test (V-VST) against VFSS 
in 20 ALS patients and reported 93% sensitivity and 80% specificity, respectively 
[29]. The V-VST is a screening evaluation that involves determining safety and 
efficiency of swallowing, following the administration of multiple volumes and 
viscosities of liquids. Another method is the sequential water swallowing (SWS), 
which involves drinking 100 ml of water in a single, uninterrupted swallow. One 
study reported that 43% of patients with ALS have a disorganized pattern in their 
sequential swallows [30].

Instrumental evaluation, such as VFSS or functional endoscopic evaluation of 
swallow (FEES), is used to visualize the swallowing physiology. These techniques 
are essential and are the most commonly used, being considered the gold standard 
in the exploration of dysphagia in ALS, due to the high risk for silent aspiration 
that these patients have. In fact, one study suggests that up to 55% of ALS patients 
may present with silent aspiration [31]. VFSS can be used to evaluate problems 
in the oral phase of the swallowing process, and intradeglutitive silent aspiration 
can be detected. The interpretation of VFSS results can be done with the video-
fluoroscopic dysphagia scale (VDS), which contains 14 categories that represent 
oral functions (lip closure, mastication, bolus formation, premature bolus loss, 
apraxia, and oral transit time) and pharyngeal functions (pharyngeal trigger-
ing, laryngeal elevation, epiglottic closure, pharyngeal transit time, pharyngeal 
coating, vallecular and pyriform sinus residues, and tracheal aspiration) [32]. A 
modified version of VSD (mVSD) has been developed to overcome low inter-rater 
reliability of some categories in the VDS [33]. FEES is a valid, repeatable, and 
low-cost alternative, used to directly visualize the swallowing process and the 
saliva movement, and it is able to evaluate pharyngo-laryngeal sensitivity in addi-
tion to motility [34]. Other instrumental methods are manometry, in addition to 
VFSS, electromyography of submental, laryngeal, pharyngeal and diaphragmatic 
nerves, esophageal scintography [35], tongue sonography and electromagnetic 
articulography.

Pulmonary function, generally assessed with forced vital capacity (FVC) and 
cough function, must be explored in patients with dysphagia. Patients with deterio-
rated pulmonary function are more likely to aspirate.

Bulbar function consists of the evaluation of the anatomy and physiology of 
head and neck structures involved in swallowing, including an evaluation of the 
cranial nerves essential for swallowing. The Centre for Neurologic Study Bulbar 
Function Scale (CNS-BFS) is a useful metric for assessing bulbar function. Among 
bulbar muscles, the tongue musculature appears to be disproportionally more 
affected by ALS [36], and tongue strength is a prognostic indicator of survival at 
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the time of ALS diagnosis [37]. Besides, measuring the maximum tongue strength is 
useful for early detection of dysphagia in ALS [38]. Other important signs of bulbar 
impairment are weak cough and dysarthria, which should be investigated.

It is imperative to derivate to a speech-language pathologist (SLP) if any bulbar 
dysfunction is identified. SLP plays an important role in the care of patients with 
speech, language, or swallowing difficulties that can result from a variety of 
medical condition.

One of the ways to improve reliability of clinical evaluations is to use stan-
dardized and validated protocols. A comprehensive assessment protocol, such 
as the Mann Assessment of Swallowing Ability (MASA), may be useful to carry 
out research in the ALS population. MASA, developed and validated for stroke, 
includes a detailed oral mechanism examination, cranial nerve testing and swallow-
ing function evaluation [39].

Despite this, there is a lack of studies related to the diagnosis of dysphagia in 
patients with ALS, which is reflected in a significant variability and inconsistency 
in the management of dysphagia in ALS, as shown in a survey of current clinical 
practice patterns at 38 ALS centers in the United States in 2017 [40]. In another 
survey study performed in 2020, 88.9% of SLP performed an instrumental dyspha-
gia evaluation in ALS patients, although the timing of when the evaluation occurred 
varied significantly; 42.2% of the clinicians carried it out at baseline even prior to 
the appearance of any bulbar symptoms [41].

4. Dysphagia and nutritional management

4.1 Dysphagia treatment

The aim of dysphagia treatment is to attain an oral diet with safe (to avoid respi-
ratory infections and aspiration pneumonia) and effective swallowing (to maintain 
an adequate level of nutrition and hydration). Several postural, hygienic and dietary 
measures must be adopted to achieve this aim along with rehabilitative treatment.

4.1.1 General recommendations

The following postural and hygienic measures are included [42]:

• The environment must be comfortable and calm, which favors concentration, 
avoiding distractions during the meal.

• Do not start feeding if the patient is sleepy or restless, or if he/she is tired 
(avoid physical therapy and previous examinations).

• Sufficient time for food intake must be guaranteed.

• The proper position when eating is sitting with one’s back straight, feet flat on 
the floor and the head slightly tilted forward when swallowing. If a person is 
unable to get out of bed, he/she should be positioned as upright as possible. 
Food intake should not take place while the head is tilted back.

• Self-feeding is preferable: the patient should feed him−/herself. This reduces 
the risk of aspiration, but the patient should always be under the supervision 
of a family member.
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• The type of spoon indicated must be used: soup spoon, dessert spoon –  
candy – or coffee spoon.

• It should be checked that the previous spoonful has been swallowed before 
another one is given.

• Syringes or straws should not be used.

• Good oral hygiene must be kept to avoid respiratory infections in case of  
infection. If dentures are worn, they must be in place and tight.

4.1.2 Rehabilitation treatment

Rehabilitation treatment should be carried out whenever possible so that 
the patient can maintain an adequate oral intake to a greater or lesser extent. 
Postural maneuvers should be recommended to protect the airway during 
swallowing [12]. There is no strong evidence in the literature for dysphagia 
intervention in patients with ALS. Thus, rehabilitation treatment should 
be individualized. Aspects that influence the selection of the most suitable 
technique for each patient should be evaluated, such as the patient’s cognitive 
status, behavioral and emotional aspects, degree of fatigue and family support. 
Based on these criteria, the most rehabilitative technique will be selected for 
each patient. Some rehabilitation techniques are postural strategies, sensory 
enhancement strategies (such as mechanical tongue stimulation, bolus changes 
in volume, temperature, and flavor, thermal stimulation, and changes in taste or 
acid flavor), neuromuscular practice, compensatory swallowing maneuvers and 
facilitation techniques.

Some compensatory swallowing maneuvers have been studied in patients with 
ALS. The chin-tuck posture was found to be useful in most cases, given that it offers 
a valuable protection mechanism for the airways by opening the valleculae and 
preventing penetration into the larynx [43]. The indication of the other maneuvers 
differs according to the mechanism involved in relation to disease characteristics 
and progression. Thus, hyperextended head posture is indicated in the absence of 
tongue pumping. If there is hypertonicity, incomplete release, or premature closure 
of the UES, head rotation is indicated [43]. However, current clinical guidelines do 
not suggest specific postural maneuvers [12].

Also, saliva could interfere with the management of dysphagia. However, the 
current evidence to recommend pharmacological treatments such as antimuscarinics 
in affected patients is low. There is no evidence linking the treatment of saliva issues 
with the improvement of dysphagia [12].

4.2 Nutritional management

The aim of nutritional management in patients with ALS is to prevent and/or 
treat malnutrition, to reduce the risk of aspiration, to prevent morbidity and mortal-
ity associated with malnutrition and dysphagia, and to improve quality of life. The 
nutritional approach in these patients includes the early detection of inefficient food 
intake, the need to adjust the consistency of the diet and, if oral feeding is not possible, 
the early indication of enteral nutrition by gastrostomy [12].

The nutritional approach modality is carried out according to the clinical 
situation, being conditioned in these patients by the safety and efficacy of  
swallowing and by the presence or absence of malnutrition.
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In a malnourished patient or a patient being at nutritional risk, in whom oral 
feeding is possible, the first step is to optimize the diet and reduce the risk of 
aspiration [12].

The diet must be complete and cover the caloric-protein requirements of each 
patient. Energy requirements should be estimated as approx. 25–30 and 30 kcal/kg/day 
in ventilated and non-ventilated ALS patients, respectively [12]. Protein requirements 
should be calculated at a rate of 1–1.2 g/kg/day [44].

The diet composition for ALS patients does not differ from that of the 
general population with regard to the recommended macro- and micronutrients 
distribution [45–50]:

• Proteins: 15–18% of total energy intake.

• Carbohydrates: 55–60% of total energy intake.

• Fats: 30–35% of total energy intake.

• Fiber: fiber-rich diet is recommended, with contributions equal to or greater 
than 25 g/day.

• Water: it is advisable to ensure a water intake of at least 1 ml/Kcal/day, to 
prevent dehydration.

• Micronutrients: following the recommendations for the general population 
according to age and sex of the patient [46–50].

Dietary counseling and modification of food texture is a fundamental aspect of 
dysphagia treatment. Dietary modification alters the texture of both liquid and solid 
foods. These modifications should be based on each patient’s swallowing capacity and 
must be regularly evaluated. Dietary modification allows achieving a better nutri-
tional status and better quality of life in patients with special nutritional requirements.

There are multiple recommended methods for modifying the texture of solids 
and liquids. The International Dysphagia Diet Standardization Initiative (IDDSI) [51] 
establishes five levels of drink thickness (thin plus four levels of thickness) and five 
levels of food texture (regular plus four levels of modification):

• Texture levels for solid foods: regular, soft, and bite-sized, minced, and moist, 
pureed and liquidized.

• Texture levels for liquids in the treatment of dysphagia: thin, slightly thick, 
mildly thick, moderately thick and extremely thick.

Once the diagnosis of dysphagia has been made, the most appropriate solid and 
liquid food texture for the patient will be established, as well as the volume in which 
it should be administered.

Dietary modification includes high nutritional value ground or easy-to-swallow 
diets; texture modifiers, such as thickeners, gel waters or thickened beverages; 
and diet enhancers (food or nutrient modules) [52]. Also, certain foods should 
be avoided since they pose a high risk of choking, i.e., foods with double textures, 
dry or crunchy foods, sticky foods, foods that lose liquid when being chewed, and 
fibrous and/or filamentary foods.

Thickener modules are products with the ability to thicken, composed of 
modified starches or gums or a mixture of both, available as powder and with a 
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neutral flavor. They are exclusively intended to increase the consistency of liquid 
foods. Thickeners composed exclusively of gums preserve the natural appearance 
of the liquid (unlike those that contain starches) and, therefore, improve the 
compliance of the patient with dysphagia.

If these dietary modifications do not allow maintaining an adequate nutritional state, 
oral nutritional supplements (ONS) will be administered, in addition to a modified diet.

Nutritional supplementation is recommended for ALS patients who do not cover 
their nutritional requirements with an enriched diet. However, there is insufficient data 
to affirm that oral nutritional supplementation can improve survival in ALS patients 
[12]. There are no specific formulas for patients with ALS. Hypercaloric formulas with 
fiber and high viscosity are generally recommended to prevent constipation and reduce 
the use of thickeners. Thickened ONS have been marketed in recent years and are suit-
able for patients with difficulties in swallowing, requiring a level 3 consistency or more.

All these measures, together with the general recommendations and the 
rehabilitative treatment of dysphagia, are aimed at optimizing safe oral intake. 
However, dysphagia in ALS patients is generally progressive. Thus, if dysphagia 
makes oral nutritional intake impossible or the patient is severely malnourished, 
enteral nutrition may be required. Enteral nutrition will preferably be administered 
by gastrostomy tube [12].

PEG is the most widely technique and is performed under endoscopic control. 
Its placement and use are well tolerated by the patient and allows them to meet their 
nutritional needs.

The timing of PEG placement is controversial.
However, there are studies that recommend the placement of a PEG in ALS 

patients when forced vital capacity is still greater than 50% [53], since a lower 
percentage would indicate a greater deterioration in lung function that could 
increase the risk of complications during the procedure. The American Academy of 
Neurology [54] recommends rejecting gastrostomy when the FVC is below 30% and 
considers other forms of palliative care. However, several studies show that gastros-
tomy could be performed safely in patients with insufficient respiratory function 
[55–57]. The current clinical guidelines [12] do not take a clear position and allow 
recommendation, respectively, rejection of gastrostomy based on FVC. The reason 
is that ALS patients with dysphagia, particularly those with primary bulbar involve-
ment, may have poor spirometry performance due to orofacial muscle weakness.

However, early gastrostomy implantation prevents the development of disease 
complications and improves the quality of life of these patients [58] but has not 
clearly shown a benefit in patient survival [59]. However, patients who still main-
tain oral intake tend to be reluctant to place it early.

In any case, the timing of the PEG placement must be agreed with the patient 
and family, respecting their wishes [12].

5. Conclusions and recommendations

• ALS is a complex disease, and its management requires a multidisciplinary 
approach that includes the figure of endocrinologists, speech therapists, 
pharmacists, nurses, nutritionists, and speech therapists.

• The prevalence of malnutrition in patients with ALS is high, in part, due to the 
high prevalence of dysphagia in these patients.

• A nutritional assessment should be carried out at the diagnosis of the disease 
and periodically to prevent and treat malnutrition.
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• Screening for dysphagia should be performed at the diagnosis of the disease 
and regularly every 3 months to avoid possible complications.

• Video swallowing is the test of choice for the diagnosis of dysphagia in patients 
with ALS since it allows early signs to be detected, although V-MECV is a safe 
and effective alternative.

• The diet must be adapted at all times. The use of dietary counseling and the 
use of thickeners enables an individualized and safe nutritional intervention, 
adapting the texture of liquids and solids according to the efficacy and safety 
of swallowing for each patient.

• ONS can be used to supplement and reinforce the oral diet, making them a 
useful tool to prevent and treat malnutrition in patients with ALS. However, 
current legislation does not provide for funding for oral enteral nutrition 
formulas unless they are administered by tube or ostomy.

• Gastrostomy is a safe method of eating. The time of placement must be agreed 
with the patient since it is not without risks. There is no specific formula for 
patients with ALS, but it is recommended that it be hypercaloric and rich 
in fiber.
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Chapter 3

Dysphagia in Neuroinflammatory 
Diseases of the Central Nervous 
System
Fereshteh Ghadiri and Abdorreza Naser Moghadasi

Abstract

Neuroinflammatory disorders of the central nervous system (CNS) consist of 
a relatively heterogeneous group of diseases that share the autoimmune activity 
against different parts of the system. Swallowing problems could happen in many 
of these cases. Its effect on the patients’ quality of life is undeniable. It could be an 
important cause of morbidity and mortality. Detailed medical history and physi-
cal exam are important. Several questionnaires could help monitor dysphagia. 
Radiographic and endoscopic evaluations may be necessary to detect overlooked 
swallowing problems. The main treatment appears to be treating the underlying 
disease, besides general supplementary options like rehabilitation and speech 
therapy.

Keywords: dysphagia, inflammation, central nervous system, multiple sclerosis, 
neuromyelitis optica

1. Introduction

Dysphagia, as described in different sections of this book, is referred to as any 
difficulty in swallowing and deglutition. It could happen in the oral, pharyngeal, or 
esophageal phases. Any disturbance from the cortex to the involved muscle could 
interfere with easy and successful swallowing.

Neuroinflammatory disorders of the central nervous system (CNS) consist of 
a relatively heterogeneous group of diseases that share the autoimmune activity 
against different parts of the system. The trigger is not clearly determined, but a 
wide range of genetic and environmental factors are suggested. Both cellular and 
humoral immune responses could be affected. Each disease in this category has 
a predilection to specific areas of the CNS. However, exceptions are not rare and 
generally, any part of the CNS could get involved. This variability results in miscel-
laneous presentations. Swallowing problems could happen in many of these cases. 
This could be due to lesions in the cortex affecting deglutition muscles, sensory 
pathway disturbance, or impaired swallowing reflexes. Cognitive dysfunction may 
further complicate the situation. Its effect on the patients’ quality of life is undeni-
able. It could be an important cause of morbidity and mortality (Table 1).

In this chapter, we will review this underestimated but still an important cause 
of deglutition problems.
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2. Multiple sclerosis

Multiple sclerosis (MS) is the most popular autoimmune disorder of the CNS. 
Its prevalence may range from 2 to 100 per 100,000 in different areas of the world 
[1] but its incidence is absolutely rising [2]. The disease could involve any part of 
the CNS, leading to its wide range of manifestations. The course may be relapsing-
remitting or progressive. The disability is estimated via measures like the expanded 
disability status scale (EDSS) or patient-determined disease steps (PDDS) [3].

Acute or chronic demyelinating lesions in related cortical areas, sensorimotor 
pathways, and balance systems could lead to various difficulties in swallowing. 
Kapitza et al. also have discussed the potential role of esophageal glial cells [4]. The 
first reports of these symptoms go back to 1877 but it still is underestimated [5]. 
Dysphagia to liquids seems to be as prevalent as solid food swallowing difficulty in 
MS [6]. This could significantly impact the patients’ quality of life [7], putting them 
in danger of malnutrition [8], even fatal aspiration pneumonia. The latter is the 
leading cause of death in MS [9]. Silent aspiration is also common (40%) [10].

2.1 Epidemiology

Dysphagia is notably prevalent among these patients. It seems to affect at least 
over 30% of the MS population [5]. Besides, objective examinations may find the 
problem in as high as 80% of the cases [5, 11]. It highlights the issue of underreport-
ing this symptom and the importance of detailed clinical evaluation and using more 
advanced diagnostic tools, especially in high-risk cases [12].

On the other hand, there is a considerable discrepancy between reports from dif-
ferent regions. Based on a systematic review in 2015, Iran has the lowest and Europe 
has the highest reported prevalence of dysphagia in MS [5].

Multiple sclerosis
Neuromyelitis optica spectrum disease
Myelin oligodendrocyte glycoprotein antibody disease (MOGAD)
Autoimmune encephalitis

• Anti IgLON5

• DPPX potassium channel antibody

• Anti-Ma2

• Hashimoto encephalitis

• Anti-Neuronal Nuclear Autoantibody Type 2 (ANNA-2) or “anti-Ri”

• Autoimmune glial fibrillary acidic protein (GFAP) astrocytopathy

• Anti-neurochondrin

• Bickerstaff ’s brainstem encephalitis

• Acute disseminated encephalomyelitis (ADEM)

• Chronic lymphocytic inflammation with pontine perivascular enhancement responsive to steroids 
(CLIPPERS)

Systemic autoimmune disorders with CNS involvement

• Behcet’s disease

• Systematic lupus erythematous

• Sjogren syndrome

• Sarcoidosis

Table 1. 
Inflammatory diseases of the CNS with dysphagia.
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As predicted, those with higher disability scores and longer duration of disease 
are at more risk of experiencing deglutition difficulties [5, 11, 13, 14].

Nonetheless, it is not rare in earlier stages of the disease [14]. It could be mild 
and intermittent or severe and disabling. In a study from Brazil, of 108 MS patients, 
90% showed different stages of dysphagia. Most cases showed mild to moderate 
degrees of difficulty. About 12.5% had severe dysphagia, most of whom were in 
progressive stages of MS and had higher EDSS [11].

2.2 Pathophysiology

Brainstem and cerebellar lesions appear to be more associated with dysphagia 
[13, 15]. Pharyngeal phase is more likely to be involved [13]. This could be the 
consequence of impaired gag reflex or uncoordinated muscle contractions [12].

To name some other pathologies that interfere with successful swallowing, 
we could mention cranial neuralgias and facial paresis. Cranial (trigeminal, glos-
sopharyngeal, or occipital) neuralgias could happen in MS. These painful electric-
shock like attacks could alter easy swallowing in different phases, dependent on 
the involved area. Disturbed sensation may further complicate the process. Facial 
paresis could be another intervening problem. It may result in inadequate chewing 
that would make the bolus hard to swallow. In addition, cognitive impairment could 
exaggerate the problem.

2.3 Screening with questionnaires

DYMUS (DYsphagia in MUltiple Sclerosis) was developed to screen MS patients 
for self-reported dysphagia in 2008 [16]. It is a self-assessment tool with 10 yes or 
no questions. Several studies evaluated the original and translated versions [17–20]. 
The modified version was introduced in 2020. It has shown to improve the psycho-
metric properties of DYMUS [21]. Other less specific-to-MS questionnaires include 
the Eating Assessment Tool (EAT), the Swallowing Quality of Life (SWAL-QoL). 
EAT consists of 10 questions that provide information about functional, physical, 
and emotional consequences of dysphagia. It is not a time-consuming test, while 
44 questions of SWAL-QoL may be considered as an important limitation. The Yale 
Swallow Protocol, the Gugging Swallowing Screen, and the Test of Masticating and 
Swallowing Solids have also been used [12]. As mentioned before, relying only on 
the self-reported symptoms could underestimate the problem so more in-depth 
clinical and paraclinical assessments may be essential. Still, patient-reported assess-
ments may give a better picture of the psychosocial burden of the problem [16].

2.4 Clinical assessment

Paying attention to the drugs that may cause oral side effects including dyspha-
gia should be in mind. Glatiramer acetate is a disease-modifying drug that could 
cause dysphagia. Anticonvulsants like clonazepam are reported to have this adverse 
effect. Oxybutynin, a commonly used treatment for bladder symptoms of MS, is 
another accusable medication. Amantadine as a fatigue treatment and dantrolene as 
a spasmolytic agent could also alter deglutition [17].

Apart from the standard neurological examination (mental state, cranial 
nerves, motor forces, sensory system, reflexes, coordination, and gait), some clues 
could be of help, especially for detecting unreported aspiration. For instance, 
dysarthria could be an indicator of concomitant dysphagia [18]. Another indica-
tor could be coughing or choking during meal [14]. Three-ounce (90 cc) water 
swallowing test, although not yet validated in MS, is a sensitive tool to identify 
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those at risk of aspiration [19]. Some authorities recommend regular evaluations 
by otolaryngologists in high-risk patients [20].

Electrophysiologic methods could detect subclinical dysphagia [21, 22]. 
Fiberoptic endoscopic evaluation of swallowing (FEES) [23] and videofluoroscopic 
study of swallowing (VFSS) also seem reliable techniques [22]. FEES is a flexible 
endoscope introduced in 1988. It is inserted through the nose and investigates 
laryngeal and pharyngeal functions [24]. Grading scores show the severity of 
dysphagia. Some recommended this method as a standard screening method in 
older patients with advanced stages of MS [23]. VFSS assesses the oral, pharyngeal, 
laryngeal, and upper esophageal phases after ingestion of barium-containing mate-
rial, in a seated position. In a study by Wiesner et al., of eight patients without any 
subjective complaint, only two had normal VFSS [25]. MS could result in delayed 
pharyngeal phase, shorter laryngeal excursion, and longer intervals between airway 
closure and upper esophageal sphincter opening [26].

The diagnostic steps are summarized in Table 2.

2.5 Treatment

The first important step to take, after stabilization of the patient, is to determine 
if the dysphagia is a consequence of an acute attack or not (the other differentials 
could be pseudo relapse due to infections, progression of previously encountered 
mild dysphagia, medication adverse events, local pathologies of the gastrointestinal 
tract, or another disease like Guillain-Barre syndrome, botulism, myasthenia gravis 
or many other diseases). If the relapse is proven, anti-inflammatory treatments of 
acute relapse may be helpful to alleviate the symptom. These treatments include 
steroids, intravenous immunoglobulins (IVIg), and plasma exchange in refractory 
cases. The treatment choice would depend on the patient’s condition, contraindica-
tions for receiving any of the aforementioned options, and the availability of the 
treatment. The next step is to decide if the disease-modifying treatment should be 
switched, or started in a treatment-naïve patient.

Medical history

• Dysphagia clues: “coughing” or “choking” during meals, dysarthria

• Onset, progression, associated symptoms

• Medications: Glatiramer acetate, anticonvulsants like clonazepam, oxybutynin, dantrolene

• Weight loss, symptoms of malnutrition

• Symptoms of aspiration

Further evaluation:

• Questionnaires: DYMUS, EAT, SWAL-QoL, the Yale Swallow Protocol, the Gugging Swallowing Screen, 
Test of Masticating and Swallowing Solids

• Three-ounce (90 cc) water swallowing test

• Thorough neurologic exam

• Systemic physical exam

• FEES

• VFSS

• Consults with otolaryngologist, or gastroenterologist as indicated

DYMUS: DYsphagia in MUltiple Sclerosis, EAT: Eating Assessment Tool, SWAL-QoL: Swallowing Quality of Life, 
FEES: fiberoptic endoscopic evaluation of swallowing, VFSS: videofluoroscopic study of swallowing.

Table 2. 
Approach to dysphagia in MS.
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Apart from the initial immune therapy, an integrated multidisciplinary approach 
is needed to see the patients’ needs. Neurologists, dentists, and otolaryngologists 
should be informed about the subject. Speech therapists [27] and dieticians could be 
of great help. Lifestyle modifications (finding the best head, neck, and chest posi-
tion, the most proper food consistency [28], oral hygiene) and investigation for pos-
sible guilty medication could be the first steps to take. Electrical stimulation [29, 30] 
and botulinum toxin injection are the two most studied treatments for dysphagia in 
MS [31]. Botulinum toxin is suitable when there are signs of the hyperactive sphinc-
ter (cricopharyngeal muscle) [32]. It should be performed by experienced hands to 
avert the possible adverse effects [31, 33]. The evidence on electrical stimulation is 
still not sufficient but some promising effects have been seen [30, 34, 35]. Marrosu 
et al. suggested that this modulation of central pattern generators of swallowing via 
vagus nerve stimulation could have positive effects [29].

Gastrostomy is the final solution in advanced cases. It has been shown that 
more than 50% of MS patients with gastrostomy lived two or more years after the 
procedure [36].

Transcranial direct current stimulation is another investigatory method with 
initial positive results [37, 38].

Cognitive rehabilitation could be a useful strategy to tackle the associated 
problems that may worsen the swallowing problems [39].

3. Neuromyelitis optica spectrum disorder (NMOSD)

Neuromyelitis optica spectrum disorders (NMOSD) is another member of 
the neuroinflammatory diseases category. Compared with MS, it is more of an 
antibody-based astrocytopathy. The guilt is on antiaquaporine4, an autoantibody 
against water channels that are mostly found in special areas of the CNS. This 
nonprogressive, relapsing condition could trigger necrotizing attacks on the brain, 
optic nerves, or spinal cord. Brainstem involvement is common. Therefore, degluti-
tion difficulties are expected, but it seems to be rare.

Dysphagia in these patients could be the manifestation of an acute attack, and 
even the presenting symptom [40, 41]. It is significantly associated with lesions 
in the brainstem and specially medulla oblongata. In a study by Wang et al. of 170 
NMOSD patients, 15 experienced dysphagia most of whom had medullary lesions. 
It is speculated that involvement of nucleus ambiguous, nucleus tractus solitarius, 
or dorsal vagus nucleus may be responsible [42]. It also can be a sign of cerebral 
involvement in the absence of other evidence [43, 44]. In seven NMO patients 
reported by Pawlitzki et al., five showed degrees of dysphagia, mostly mild to 
moderate. All had brainstem or high cervical lesions. Here again, FEES could be 
of great help in diagnosing subtle cases [43]. As in MS, NMO cases with dysphagia 
have problems with swallowing both solid food and liquids [6].

The fundamentals of diagnosis and treatment of dysphagia in this population 
are like MS. However, as the attacks are necrotizing, no time should be lost before 
initiating immune therapy. The only available disease-modifying treatments in 
NMOSD are anti CD20s (rituximab, satralizumab, eculizumab). The chosen option 
should be started as soon as possible after initial relapse treatment.

4. Myelin oligodendrocyte glycoprotein antibody disease (MOGAD)

Another autoimmune demyelinating disease is MOGAD. The antibody was 
discovered about 40 years ago [45] but its clinical relevance was found years 
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later [46]. There are doubts about the pathogenicity of the anti-MOG antibody 
but still, it is the best available biomarker of the disease to date [47]. The clinical 
manifestations of MOGAD overlap with NMOSD (optic neuritis, spinal lesion, 
brainstem involvement), although with some differences. Cortical lesions are 
more prevalent in MOGAD. Astrocytes are hypertrophic and reactive, not dystr-
ophic compared with NMOSD. Besides, there is no aquaporin4 loss [47]. Acute 
disseminated encephalomyelitis (ADEM) like presentation is common among 
children with the disease [48]. It could be monophasic (70–80% in children) or 
relapsing. In monophasic cases, the antibody tends to become undetectable over 
12 months, so follow-up is recommended [47]. The mainstay of the treatment 
is anti-inflammatory drugs like steroids in the acute phase and anti CD20s as 
maintenance treatment.

As a rare entity, there are not many reports on specific symptoms like swal-
lowing difficulties. However, considering the CNS involvement (especially with 
cortical and brainstem lesions) dysphagia is expected. Of 50 patients in a European 
cohort of Caucasian MOGAD cases, 15 had brainstem involvement. Of these only 
two complained of dysphagia besides other symptoms [49]. As in NMOSD, brain 
involvement in MOGAD may only present with dysphagia detected by FEES [43].

5. Autoimmune encephalitis

This category consists of heterogeneous conditions; all share the feature of 
autoimmunity against different components of the CNS. The antibodies may target 
against intraneural or cell surface molecules (synaptic receptors, ion channels, 
other molecules). They may be accompanied by an underlying neoplasm. Experts 
recommend to have this diagnosis in mind whenever facing a subacute encepha-
lopathy with focal neurologic findings (clinically or in imaging) [50]. Dysphagia is 
reported in various subtypes of the disease.

Anti IgLON5 disease is a relatively novel entity characterized by sleep-related 
diseases like REM or non-REM parasomnias, obstructive sleep apnea, and stridor. 
This disease may present similar to neurodegenerative diseases. It is progressive 
and could be fatal (e.g. due to central hypoventilation). By early diagnosis and 
treatment, there is hope in halting the disease’s progression to respiratory arrest. 
Bulbar symptoms are quite prevalent. Dysphagia is the most common bulbar 
symptom in this population. Other manifestations include gait instability, dysau-
tonomia, movement disorders, supranuclear gaze palsy, and cognitive impairment 
[51, 52].

In a case series of 20 patients with DPPX potassium channel antibody, 15 had 
brainstem involvement of whom six patients experienced dysphagia along with 
other symptoms. DPPX potassium channel antibody is “immunoglobulin G (IgG) 
targeting dipeptidyl-peptidase-like protein-6 (DPPX), a regulatory subunit of 
neuronal Kv4.2 potassium channels” [53].

Castle et al. reported a 39-year-old patient who presented with subacute 
progressive behavioral changes, dysphagia, and ataxia. Anti-Ma2 was detected 
and cancer work-up revealed metastatic testicular cancer. Anti-Ma2 encephalitis 
involves the brainstem commonly. Dysphagia is present in 20% of these cases [54].

A 14-year-old boy has been reported who had dysphagia, unilateral weakness, 
and aggressiveness as presenting symptoms of autoimmune encephalitis caused by 
Hashimoto disease. The point is that the patient had no previous clinical clue of thy-
roiditis. Hashimoto encephalitis could manifest with a variety of clinical scenarios 
so it should be in mind whenever facing an autoimmune pathology of the CNS [55].
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Anti-Neuronal Nuclear Autoantibody Type 2 (ANNA-2) or “anti-Ri” is an 
uncommon antibody detected among cases of paraneoplastic encephalitis. It could 
be associated with several underlying cancers. Pittock et al. detected this marker 
in 34 patients in 75,000 patients with suspected paraneoplastic neurologic symp-
toms. Brainstem symptoms including dysphagia were prevalent among these cases. 
Involvement of other parts of the nervous system (cortex, basal ganglia, cerebel-
lum, spinal cord, cranial nerves, peripheral nerves, or neuromuscular junction) 
was also seen [56].

Autoimmune glial fibrillary acidic protein (GFAP) astrocytopathy is a recently 
introduced disease. The inflammation in this disease involves meninges in addi-
tion to other parts of the CNS. It could cause headache, visual disturbance, fever, 
psychosis, myelitis, ataxia, abnormal movements, or autonomic dysfunction. The 
MRI would show linear enhancement oriented radially to the ventricles in the brain. 
A reported case by Li et al. highlights the possibility of dysphagia being a part of the 
initial presentation [57].

Dysphagia, albeit not common, could also be seen in those with IgG autoan-
tibody targeted against neuronal cytosolic protein, neurochondrin. These cases 
mostly present with cerebellar symptoms [58]. Likewise, dysphagia is described in 
association with anti-Ca, an established cause of cerebellar ataxia [59].

Bickerstaff ’s brainstem encephalitis overlaps with Guillain-Barre and Miller-
Fisher diseases. Around 40—60% of cases may have anti-GQ1b IgG in their serum 
[60]. In the earliest report, six of seven cases had complete bulbar paralysis. 
However, milder degrees of dysphagia may be present and overlooked, as one case 
of silent aspiration is reported. Dietrich-Burns et al. emphasize to be aware of this 
issue as cognitive impairment may lead to underreporting [61].

There are other conditions with less known underlying autoantibodies. Acute 
disseminated encephalomyelitis (ADEM) is a mostly monophasic disease, more 
common among children, that can present with a broad spectrum of symptoms. 
Dysphagia has been reported as the sole manifestation of the disease in some 
cases [62]. Although as mentioned earlier, some cases may be anti-MOG posi-
tive. Furthermore, chronic lymphocytic inflammation with pontine perivascular 
enhancement responsive to steroids (CLIPPERS) is another similar entity with 
specific clinical and imaging characteristics. As the main site of involvement is the 
brainstem, dysphagia could happen in the course of the disease [63].

6. Systemic autoimmune disorders

Last but not the least are systemic autoimmune diseases that can involve CNS 
variably. They include Behcet’s disease, systematic lupus erythematosus (SLE), 
Sjogren syndrome, and sarcoidosis.

6.1 Behcet’s disease

Initially described in 1937, the disease is well known for causing oral and 
genital aphthous lesions, along with uveitis. Gradually, it became clear that the 
patients may experience ulcerations in other parts of the gastrointestinal tract, 
like esophagus [64]. But this local pathology is not the sole cause of dysphagia in 
this disease. CNS involvement in Behcet’s disease is an established neuroinflam-
matory pathology. The parenchymal involvement has a significant predilection 
to the brainstem so dysphagia is expected. Vascular pathologies of the CNS could 
affect successful swallowing, as well [65, 66].
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6.2 SLE

Global structural disintegration could occur in association with CNS involve-
ment due to SLE [67]. Headache, seizure, psychiatric changes, and a wide range of 
other neurologic complaints could ensue [68]. Dysphagia in SLE is mostly the result 
of local pathologies (esophageal motility disorder, concomitant gastroesophageal 
reflux disorder, and esophagitis) [69], but with CNS involvement, neurogenic 
dysphagia is not unexpected.

6.3 Sjogren’s syndrome

Xerostomia and xerophthalmia are hallmarks of the disease. Associated 
neuropathies [70], optic neuritis, and associated NMOSD [71] are reported. 
Gastrointestinal manifestations are diverse and various causes could be encoun-
tered; of which local pathologies dominate [72] (like SLE). However, CNS involve-
ment should be in mind when facing difficult swallowing complaints.

6.4 Neurosarcoidosis

Sarcoidosis is known to cause noncaseating granulomata and mediastinal 
lymphadenopathy. Neurosarcoidosis may be present in 5–16% of cases. It could 
involve any part of the CNS. This differential should be considered whenever con-
fronting inflammatory lesions of the nervous system. However, some symptoms are 
considered more specific to neurosarcoidosis like bifacial paresis (especially in the 
presence of uveitis and parotiditis), pituitary/hypothalamus lesions, longitudinally 
extensive myelitis, and cauda equina syndrome [73].

Deglutition problems are not frequent in sarcoidosis. The most common cause of 
dysphagia in these patients is the compressive effect of enlarged lymph nodes. Less 
commonly there is direct esophageal pathology. Neurosarcoidosis is a rare cause 
of dysphagia. Still, there are cases with dysphagia as a presenting symptom of the 
disease [74, 75].

7. Conclusions

Neuroinflammatory disorders of the CNS include a heterogeneous group that 
could interfere with successful swallowing. The associated dysphagia could be tran-
sitory or permanent depending on the pathology (transient inflammation versus 
necrosis). Detailed medical history and physical exam are the important assets of 
diagnosis. Several questionnaires could help monitor dysphagia. Radiographic and 
endoscopic evaluations may be necessary to detect overlooked swallowing prob-
lems. The main treatment appears to be treating the underlying disease, besides 
general supplementary options like rehabilitation and speech therapy.
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Chapter 4

Dysphagia Following Anterior 
Cervical Spine Surgery
Ghazwan Hasan and Oscar L. Alves

Abstract

Dysphasia is regarded as one of the common complications following  
anterior cervical discectomy and fusion, the reported incidence varies widely and 
is depending on several factors, such as smoking, multi levels, anterior plating, we 
will discuss historical review, pathogenesis, epidemiology, clinical presentation 
including presentation including perioperative and postoperative recommendation 
and will end up with different stops and tricks to decrease this complication, in each 
topics we will review the evidence based articles.

Keywords: dysphagia, ACDF, cervical plating anterior cervical spine surgery

1. Introduction

Surgical approaches to the cervical spine include anterior, posterior, trans-oral, 
lateral trans-mandibular which can be done by open, tubular MIS or full endoscopic 
as described recently.

Anterior cervical spine surgery is commonly performed for the treatment of 
varieties of cervical spine pathologies that include degenerative, trauma, tumors, 
deformities and infections [1].

Techniques of anterior cervical spine surgery include anterior cervical discec-
tomy and fusion (ACDF), anterior cervical corpectomy and fusion (ACCF), for 
primary stability and fusion different type of devices are used, such as cages, plates, 
cylinders, as well as bone growth promoters, substitutes, and bone morphogenic 
protein (BMP) have been use. In selected cases, discectomy alone is also performed 
especially through MIS or endoscopic techniques [2].

Anterior cervical discectomy and fusion (ACDF) was first described by Smith 
Robinson in 1968, when he performed discectomy and fusion was done using tri-
cortical bone graft, during 1990s more than 500,000 anterior cervical discectomy 
and fusion (ACDF) was done in USA [3].

Anterior cervical spine surgery is safe and effective harboring a wide range of 
indications with a low rate of morbidity and mortality [4]. Complications following 
anterior cervical spine surgery include airway complications, dysphagia, dyspho-
nia, infection, implant failure, non-union, neurological deficit, vascular injuries, 
implant subsidence, adjacent level disease and even death [5–10].

Dysphagia is one of the most common complications following anterior cervical 
spine surgeries, dysphagia is a symptom indicative of an abnormality in the neural con-
trol of, or the structures involved in, any phase of the swallowing process, which involve 
both voluntary and involuntary/reflex responses. Oropharyngeal dysphagia is an 
impairment in the speed and/or safe delivery of food materials from entry in the mouth 
to the upper portion of the esophagus. If present, the patient is at an increased risk of 
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aspiration and may be unable to swallow properly liquids, foods, or saliva. The condi-
tion is considered long standing if it is still present more than 4 weeks after surgery [11].

Dysphagia following anterior cervical surgery can occur in the three phases of 
swallowing process (oral & transport phase, pharyngeal & esophageal) [12].

2. Incidence and prevalence

Postoperative dysphagia is the most common complications following ACSS, 
the incidence ranges between 1 and 79% [1, 11, 13]. The criteria used to define and 
detected dysphagia may influence the reported incidence, many factors impact the 
exact incidence which include:

• The severity of dysphagia (mild, moderate, or severe), most of the cases 
fortunately presents with mild dysphagia.

• Timing of postoperative detection (immediate postoperative <2 weeks, 
2 weeks, 4–6 weeks, 8–12 weeks). The earlier the detection the higher the 
incidence [14, 15].

• Measurement tools (repeated questionnaires or patients self-reported). The 
repeated questioning provides a higher incidence than self-reported [16–18].

• Surgical Techniques & Approaches (Revision, ACSS, PCSS, Standalone cage, 
Cervical Plate, ACDF, ACCD, & Single vs. multilevel) Revision, ACSS, multi-
level surgery, cervical plating, ACCD are associated with a higher incidence [19].

• Type and design of the study & sample size (retrospective or prospective, no. 
of the patients in the study, and the presence of control group or not). most of 
the studies are no controlled retrospective in nature with an intrinsic inability 
to detect preoperative swallowing difficulties, with no control group [20], the 
higher sample size the less incidence [21].

The incidence ranges between 28 and 57% in the intermediate and long term 
postoperative period (1–6 weeks), [17, 22], Riley et al. on a multicentric study that 
enrolled 454 patient who underwent ACSS in a multicentric study between 1998 
and 2001 found that the incidence of postoperative dysphagia was 28.2, 6.8 and 
7.8% at 3, 6, and 24 months, respectively, and at both 6 and 24 months the preva-
lence rate of persistent dysphagia was 21% [21]. On another study, the average inci-
dence varied along the post-operative time after ACSS: 53.2% at 1 month, 31.6% at 
2–4 months, 19.8% at 6 months, 16.8% at 12 months and 12.9 at 24 months [11].

Lee et al. reported an overall prevalence rate of postoperative dysphagia over 
time as the following: 54.0% at 1 month; 33.6% at 2 months; 18.6% at 6 months; 
15.2% at 1 year; and 13.6% at 2 years [19].

Later, Riley et al. in a systematic review found that the incidence of postopera-
tive dysphagia decreased with time after surgery and reach plateau at rate of 13–21% 
at one year [1].

3. Natural history

Most cases of postoperative dysphagia are mild and transient, resolving gradu-
ally within 3 months [19, 23, 24] without any specific treatment. Most of the cases 
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of postoperative dysphagia resolve within 1 year, however, about 5–7% of cases of 
dysphagia after ACSS are still present 6–24 months after surgery [11].

Yue et al. reported 15% rate of dysphagia after 5 years of ACSS [24]. The 
predominant cause of persistent postoperative dysphagia appears to be an 
increase of the thickness of posterior pharyngeal wall above the upper esophageal 
sphincter [25].

4. Pathophysiology

Anterior cervical spine surgery impact both physiological and anatomical func-
tion of the swallowing, and these factors impact the neural, muscular & mucosal 
structures [19, 26]. However, in some cases dysphagia can occur in the absence of 
any noticed postoperative complication in anterior cervical spine surgery (ACSS).

We can summarize the etiology of dysphagia following anterior cervical spine 
surgery as the following:

Categories of causes Representative conditions

Collagen diseases Scleroderma, dermatomyositis

Conditions that give rise to fixed 
mechanical obstruction

Previous surgical treatment, tumor, cervical rings or webs, radiation/
radiotherapy (pharyngeal phase)

Congenital neurologic/structural 
disorders/malformations

Dysautonomia, cleft palate, cerebral palsy, muscular dystrophy

Iatrogenic Medications (chemotherapy, neuroleptics, etc.); pill injury 
(intentional; oral preparatory phase)

Infectious Botulism, diphtheria, Lyme disease, mucositis (herpetic lesions, 
cytomegalovirus, Candida, aphthous ulcers); syphilis (oral 
preparatory phase)

Intrinsic functional disturbances Cricopharyngeal achalasia, Zenker diverticulum (pharyngeal phase)

Medical Advanced chronic obstructive pulmonary disease, deconditioning, 
intubation (prolonged endotracheal), rheumatoid arthritis, some 
viral infections

Metabolic Amyloidosis, Cushing syndrome, thyrotoxicosis, Wilson disease

Myopathic Connective tissue disease (overlap syndrome), myotonic dystrophy, 
paraneoplastic syndromes, polymyositis, sarcoidosis

Neurologic Dementia, Guillain-Barré syndrome, Huntington disease, metabolic 
encephalopathies, polio, postpolio syndrome, traumatic brain injury, 
seizure disorders, tardive dyskinesia, brainstem tumor, cerebral 
vascular accident

Neuromyogenic Myopathies (inflammatory, metabolic), parkinsonism, head trauma, 
stroke (oral preparatory phase and pharyngeal phase)

Progressive neurologic disorders Dystonia, progressive supranuclear palsy, oculopharyngeal 
dystrophy, myasthenia gravis, amyotrophic lateral sclerosis, multiple 
sclerosis, Parkinson’s disease (oral preparatory phase and pharyngeal 
phase)

Neurosurgical procedures Aneurysm clippings, anterior cervical spine surgery; resection of 
tumor

Structural Extrinsic compression, cervical osteophytes, scar tissue (oral/
pharyngeal), stenosis (postsurgical/radiation/idiopathic), 
cricopharyngeal bar, skeletal abnormalities (pharyngeal phase)

Table 1.
Causes of oropharyngeal dysphagia according to categories, with corresponding representative conditions [11].
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Approach/technique Possible resulting condition

Operative approach (anterior)

Dissection or retraction Damage of the aerodigestive pathway; muscle and serosa injuries 
and edema; tissue damage with subsequent edema; bruising or 
laceration of tissues

SLN injury, most at risk with surgery involving C3-C4 , which 
can cause laryngeal sensory impairment

Injuries to the pharyngeal plexus or vagus nerve, 
glossopharyngeal nerve, or hypoglossal nerve (most at risk with 
surgery at or above C3)

Dysfunction of the pharyngeal plexus, which affects the motility 
of the visceral wall

Dissection or retraction of the longus colli 
muscle

Muscle and subperiosteal bleeding; prevertebral soft tissue 
swelling

Retraction Denervation of the pharyngeal plexus (involving the 
glossopharyngeal nerve and the pharyngeal branch of the vagus 
nerve)

Excessive or prolonged retraction Dysphagia

Esophageal edema, impingement, ischemia, denervation, 
re-perfusion injury

Posterior pharyngeal wall edema, preventing a full epiglottic 
deflection

Soft tissue fibrosis; soft tissue swelling; scar tissue formation

Significant tension during lateralization of 
the larynx (RLN most at risk with surgery 
involving C3–C4 and C5–T1)

RLN injury, which can cause vocal fold paresis or paralysis

RLN stretch injury and/or RLN 
compression injury from ET cuff 
compression

RLN palsy, which can cause vocal fold paresis or paralysis

Use of rh-BMP-2 Early local inflammatory response to rh-BMP-2 (dose-related)

Concurrent intraoperative traction on both 
the RLN and pharyngeal plexus

RLN injury

Other aspects of operative approach

Direct esophageal injury Impaired opening of the upper esophageal sphincter

Localized denervation of portions of the esophagus and 
hypopharynx

Pharyngeal wall ischemia

Hemostatic or coagulopathy Hematoma formation

Operative technique

Use of instrumentation Any mechanical irritation or impingement against the  
esophagus

Differences in postoperative cervical kyphotic-lordotic 
deformity

Thickness or anterior profile of anterior 
cervical plates and instrumentation

Irritation and inflammation

Plate on the esophagus Mass effect

Use of graft Craft (implant) protrusion, graft extrusion or cord compression

Improper halo or collar positioning Cervical hyperextension
Abbreviations: ET, endotracheal; rhBMP-2, recombinant human bone morphogenetic protein-2; RLN, recurrent 
laryngeal nerve; SLN, superior laryngeal nerve.

Table 2.
Causes of oropharyngeal dysphagia according to operative approach and operative technique.
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4.1 Prevertebral soft tissue swelling

Prevertebral soft tissue swelling is result of hemorrhage or intraoperative soft 
tissue trauma which leads to oedema which may cause transient dysfunction of the 
esophageal movement by impairing the upper esophageal sphincters. Nevertheless, 
Kang et al. failed to find a significant correlation between the thickness of preverte-
bral soft tissue and the incidence of dysphagia [27, 28].

4.2 Extrinsic esophageal compression

The presence of anterior cervical osteophyte, diffuse idiopathic skeletal hyper-
ostosis can cause dysphagia secondary to mechanical impingement of esophagus, as 
well as inflammation causing adhesion and fibrosis.

In ACDF with plating, the presence of a plate can contributes to the same patho-
physiology cause of dysphagia. Although the concept is not yet fully established, it 
has been proven that a thicker cervical plate is associated with a higher incidence of 
dysphagia [22].

Several studies confirmed that standalone cages are associated with less incidence 
of dysphagia when compared with ACDF with plating. However, this conclusion is 
not universally accepted [29].

4.3 Esophageal retraction

Retraction of esophagus during surgery to expose the anterior cervical spine is 
one of the possible cause of postoperative dysphagia while some studies concluded 
that esophageal retraction may cause ischemia of the esophageal wall which in turn 
compromise the motility [12], one study failed to confirm the association between the 
intraoperative pressure of esophageal retraction and postoperative dysphagia [30].

4.4 Neural traction

Intraoperative nerve traction or injury is another possible cause of postopera-
tive dysphagia. Different nerves traction will cause different esophageal segment 
dysphagia. For example damage or traction to Hypoglossal nerve will impact the 
oral phase of swallowing, while injury or traction to the connection between the 
pharyngeal plexus and pharyngeal muscle will impact the pharyngeal phase of 
swallowing. Injury of the recurrent laryngeal nerve (RLN) and superior laryngeal 
nerve (SLN) are both operative in the development of postoperative dysphagia, 
reason why a sound knowledge of their anatomy and meticulous surgical technique 
are essential to decrease the postoperative dysphagia [11].

Anderson et al. [11] summarized the causes of oropharyngeal dysphagia as seen 
in Table 1.

Regarding the surgical techniques, the causes of dysphagia are described in Table 2.

5. Risk factors

5.1 Patient-related

5.1.1 Age

Smith-Hammond et al. [20] found that older patients have an higher risk of 
dysphagia following ACDF, while Lee et al. [19] and Bazaz et al. [19] found the no 
correlation between the age and the risk of dysphagia.
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5.1.2 Sex

Female gender harbors an increased risk of dysphagia following ACDF  
[13, 19], while other studies failed to find the association between sex and 
dysphagia [21, 31].

5.1.3 Smoking

Many studies found that smoking is associated with and increased the risk of 
dysphagia following ACDF, due to its detrimental effect on soft tissue, as well as 
poor surgical outcomes after ACSS [5, 32].

5.1.4 Co-morbidities

Specifically the Chronic Obstructive Pulmonary Disease (COPD) increase the 
risk of overall postoperative mortality and morbidities following anterior cervical 
spine surgery [33], many studies were found the risk of dysphagia is increase in 
patients with COPD following ACDF [32].

5.2 Surgery-related

5.2.1 Duration of surgery

The longer the surgical time, which happens in complex procedures or in 
surgeries performed by less experienced surgeons, the higher contribution to the 
development of dysphagia, although some studies failed conclude it.

5.2.2 Multilevel surgery

Some studies have shown that multiple levels surgeries represent a significant 
risk factor for dysphagia [19], however others did not find any correlation between 
the multilevel and risk of dysphagia [31].

5.2.3 Revision surgery

In cases of revision surgeries, the presence of scar tissue can distort the anatomy 
compared to index surgery, rendering esophageal injury more likely [19].

5.2.4 Implant

Depending on the surgical indications related to the pathology, the level 
affected and the presence of deformity, different implants are used in ante-
rior cervical surgeries. According to his/her experience and preferences, the 
surgeon may use stand-alone cage, hybrid cage, cervical plating, or total disc 
replacement [34].

The use of cervical plate in ACDF remain a controversy issue, especially in 
single and two levels degenerative disc disease, but many studies support its use in 
more than 2 levels in degenerative spine, in trauma, tumor, infections, especially if 
corpectomies are advocated.

Plating has the advantage of increase fusion rate, better lordotic reconstruction, 
enhanced primary stability of the construct, superior disc height preservation 
and lower subsidence rate [35]. However these benefits come at the cost of screw 
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pullout, loosening of plate, hardware breakage, increase in the operative time and 
overall costs, and increased risk of dysphagia [34].

Total disc arthroplasty (TDR) become popularized in last decades as a motion 
preserving technique in the anterior cervical surgeries, avoiding the fusion and 
decrease the adverse effect of ACDF, in selected indications. However, studies 
found no difference in the risk of dysphagia when comparing between TDR and 
ACDF [36].

5.2.5 Bone morphogenetic protein (BMP)

Bone morphogenetic protein is used during cervical surgery to increase the 
fusion rate especially in cases of accrued risk of pseudoarthrosis. Some studies 
found that BMP may constitute a risk factor for dysphagia following ACDF as it 
induces inflammation and oedema which will affect the surrounding soft tissue, 
including the esophagus [37, 38].

5.2.6 Surgical level: several

Studies found that a high level of cervical spine surgery, such as C3-4, is associated 
with more dysphagia than the lower levels. In the upper cervical spine, the risk of 
superior laryngeal nerve injury is amplified which entails an increased risk of dyspha-
gia. As the retropharyngeal space in the upper cervical spine is more generous than in 
inferior cervical spine, the soft tissue swelling will be potentially more severe [39].

5.2.7 Blood loss

Significant blood loss impacts in the overall surgical outcome and is associated 
with many adverse effects that includes postoperative recovery and infection rate. 
In fact, some studies have shown than blood loss superior to 300 ml is associated 
with an enhanced risk of dysphagia following ACSS [21].

6. Clinical signs and symptoms

Patients present with dysphagia due to alteration in swallowing mechanisms that 
include [25]:

• Increased aspiration.

• Thickening of the pharyngeal wall.

• Poorer pharyngeal constriction and peristalsis.

• Prolonged transit time.

• Reduced hyoid displacement.

• Reduced opening of the pharyngoesophageal segment opening.

• Impaired epiglottic inversion

As a result of dysphagia, patients may develop other symptoms that may include:
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• Reflexive coughing or wet/gurgle voice during or right after swallowing.

• Extra effort or time needed to chew or swallow.

• Food or liquid leaking from the mouth or getting stuck in the mouth.

• Recurring pneumonia or chest congestion after eating.

Persistent & severe dysphagia may result in weight loss, dehydration, risk of 
aspiration pneumonia, chronic lung disease and psychological problems [40].

The presence of long-standing dysphagia should raise the suspicion of esopha-
geal perforation and thus be adamantly investigated.

7. Assessment and evaluation

7.1 Patient-reported outcome

Non-validated questionaries to evaluate the severity of dysphagia following 
ACSS include:

7.1.1 Bazaz dysphagia questionnaire

Depending on liquid and/or solid food difficulty swelling, they graded the 
severity into none, mild, moderate, and severe, as described in Table 3 [13].

7.1.2 Modified Bazaz questionnaire

It is a modification of Bazaz Dysphagia Score into a ten-points scale recorded 
daily for four days, with dysphagia being defined as a cumulative four-day score of 
≥12 [30]. As seen in Table 4.

Points Severity of dysphagia Definition

0 None No episodes of difficulty swallowing

1–3 Mild Only rare episodes of difficulty swallowing

4–6 Moderate Occasional swallowing difficulty with solid foods

7–10 Severe Swallowing difficulty with solids and liquids

Table 4. 
Modified Bazaz dysphagia scoring system [15]. Assessment is undertaken on the day of operation and on the 
first, third and fifth post-operative days; the scores are added together, with dysphagia defined as a cumulative 
score of ≥ 12.

Severity of dysphagia Difficulty swallowing liquids Difficulty swallowing solids

None None None

Mild None Rare

Moderate None or rare Occasionally (only with specific foods)

Severe None or rare Frequent (majority of solids)

Table 3. 
Bazaz dysphagia scoring system [2].
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7.1.3 Dysphagia numerical rating scale

Assess the postoperative dysphagia using numeric scale [31].

7.1.4 Dysphagia disability index

Includes also physical function and emotional domains [31].

7.1.5 Swallowing-quality of life (SWAL-QOL) questionnaire

Swallowing-quality of life (SWAL-QOL) questionnaire is a validated 93-item 
questionnaire that quantifies dysphagia on the basis of severity and duration as 
well as its psychological impact [32], although it is has been shown to be valid and 
reliable, its length and complexity make it less practical in the clinical setting.

7.2 Videoflouroscopic swallow evaluation (VSE)

Videoflouroscopic swallow evaluation (VSE) is a gold standard for the assess-
ment of swallowing impairment also referred to as a modified barium swallow 
study [41].

8. Treatment

The aim of treatment in postoperative dysphagia following ACSS is to maximize 
the food transit, minimize or prevent respiratory aspiration and related adverse 
effect [42].

Currently there is no specific treatment for dysphagia, as many patients 
with postoperative dysphagia will resolve with time. The available treatment 
include behavioral, postural changes, sensory input enhancement, swallowing 
maneuvers, voluntary control in effort exerted during swallowing and diet 
modification [43].

The best form of treatment is prevention, as discussed in the next section.
For persistent dysphagia that extends for more than 12–18 months, some 

authors recommend surgical treatment to debride the adhesion or anterior cervi-
cal instrumentation to immobilize the spine to avoid esophagus tethering and 
traction [44].

9. Prevention

Many studies evaluated the techniques and recommendation to decrease the 
incidence of postoperative dysphasia following ACSS.

9.1 Steroid therapy

The intra-operative local application of steroids in is regarded as a preven-
tive measure to abort the development of postoperative dysphagia. This is 
based on the pathogenesis, as soft tissue swelling, and local inflammation 
will be decrease when the steroids are used. In this respect the use of IV 
Methylprednisolone is recommended [45], while the local application of triam-
cinolone in the retropharyngeal space may decrease the incidence of dysphagia 
postoperatively [46].
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9.2 Endotracheal tube pressure

Excessive endotracheal tube pressure may impact locally by increasing 
transmural pressure translating in a putative risk of soft tissue injury and 
dysphagia development following ACSS, Accordingly, some authors recom-
mend decreasing the endotracheal tube pressure to 20 mmHg during the period 
of cervical traction [47], or the release of the endotracheal tube pressure and 
reinflate it after retractor placement to minimize the pressure related damage to 
the RLN [48].

9.3 Cervical plate design

A plate can cause postoperative dysphagia due to mass effect or induction of 
inflammation, plate redesign to a low profile by decreasing its thickness will endure 
a minimization of postoperative dysphagia [22]. Equally, the use of a zero profile 
cage and plate or hybrid cage has shown a smaller incidence of postoperative 
dysphagia [49].

9.4 Tracheal traction exercises

The concept behind the preoperative tracheal traction exercise is to increase the 
compliance of the esophagus, thereby reducing the pressure required by retraction 
to expose an adequate operative field, the exercises were performed twice daily  
(15 times each time) for three days, starting four days before the operation [50].

9.5 Surgical techniques

An effort to limit the operative time should be undertaken to decrease the 
postoperative dysphagia. Appropriate surgical training should focus on acquiring a 
sound knowledge of anatomical variation of the RLN & SLN, a meticulous plan by 
plan surgical dissection, control of blood loss to better identify anatomical struc-
tures, avoid excessive blade retraction to reduce mechanical transmural esophageal 
pressure and anchoring the blades under the dissected longus coli to avoid injury to 
RLN and SLN [11, 48, 51].

10. Conclusion

Dysphagia following anterior cervical spine surgery is a common complication, 
in most cases it is mild and resolved with time, no specific treatment is required.

There are risk factors to increase the risk that include multiple levels, smoking, 
cervical plating, increase the operative time, revision surgeries.
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Abstract

Neurogenic dysphagia is an increasingly common problem. This chapter 
describes current approaches to enteral nutrition in patients with neurogenic 
dysphagia. We have shown the possibilities and our experience of using diet with 
a measured degree of density, specialized thickeners for drinks and food, ready-
made enteral mixtures. We also identified patients who need a nasogastric tube or 
gastrostomy.

Keywords: neurogenic dysphagia, diet, nasogastric tube, gastrostomy tube, 
thickeners, dense enteral feeding mixtures

1. Introduction

The term “dysphagia” means difficulty in swallowing that a person experiences 
either during the primary phases of swallowing (usually described as“ oropharyn-
geal dysphagia”) or when solid food or liquid is blocked or even passed through 
with difficulty during its passage from the mouth to the stomach (usually described 
as “esophageal dysphagia”). Thus, dysphagia is a feeling of an obstacle to the typical 
passage of ingested food.

The problem of dysphagia of various origins is widespread. The 2011 study in 
the United Kingdom shows a prevalence of dysphagia in 11% of the general popula-
tion [1, 2]. Dysphagia develops in 40–70% of stroke patients, 60–80% of patients 
with neurodegenerative diseases, in almost 13% of adults aged over 65 years, and in 
more than 51% of elderly patients in nursing homes [3–6]. From a study in Russia, 
the incidence of dysphagia in hospitals reaches up to 33% and up to 30–40% at 
home care [5, 7]. Dysphagia is often a prominent condition in various neurological 
diseases.

The risk of this pathology lies in the high probability of developing formidable 
complications—malnutrition, dehydration, weight loss, airway obstruction, aspira-
tion pneumonia. Malnutrition with dysphagia is detected during the first week after 
a stroke in 48.3% of cases, without dysphagia in 13.6% (several authors stated that 
this complication occurs in 75% of cases). Malnutrition resulting from dysphagia 
complicates the course of the underlying disease due to the activation of catabolic 
processes. Among patients requiring long-term rehabilitation, malnutrition can 
be as high as 50% [1, 8, 9]. Malnutrition syndrome increases susceptibility to 
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oropharyngeal flora, increases the risk of developing septic complications, leads to 
suppression of the immune status, reduces the strength of the cough push, reduces 
the level of wakefulness, impedes the implementation of rehabilitation measures. 
Aspiration is one of the most severe complications of dysphagia, leading to airway 
obstruction, aspiration pneumonia [10–12].

Dysphagia—it is a frequent and sometimes even life-threatening complica-
tion in patients with central nervous system injury. In patients with a low level of 
consciousness, dysphagia can cause severe destructive pneumonia, respiratory 
failure, and death. Nevertheless, even with a preserved level of consciousness, 
the fact that the presence of dysphagia carries a potential risk of aspiration and 
asphyxia and this fear of aspiration makes patients with speech disorders avoid 
taking liquid diet, which leads to dehydration of the body, which is diagnosed by 
doctors quite late [13, 14].

In addition to such severe complications as aspiration, destructive pneumonia, 
patients with dysphagia have a high risk of developing protein-energy malnutri-
tion (PEM) due to a reduction in substrate supply. In turn, this problem worsens 
the quality of life and complicates the course of infectious processes, complicates 
wound healing, and significantly reduces physical activity [15–19]. In combina-
tion with dysphagia (moderate and severe), protein-energy malnutrition is a 
significant problem in patients with pressure sores. At the same time, the risk 
of developing pressure ulcers increases in the presence of severe concomitant 
pathology (spastic paresis, diabetes mellitus, destructive pneumonia), which 
often accompanies patients with severe brain damage. If the patient is in a chronic 
critical illness (CCI), the rate of pressure ulcers can reach 80%, despite ongoing 
preventive measures [20–23].

There are several approaches to nutritional support for neurological patients in 
the clinic, depending on the severity of dysphagia.

2. Diet with a measured degree of density

The first method aimed not to change the physiology of swallowing (such as 
surgical or rehabilitation methods) but to improve the passage of the food bolus 
from the oral cavity into the esophagus and reduce the risk of aspiration. In the 
case of an acute illness, a diet with a modified degree of density allows starting 
oral nutrition earlier, reducing the risk of developing disorders in the cerebral 
cortex’s swallowing centers, and preventing digestive disorders. With progressive 
neurological diseases, this diet helps maintain the natural way of eating as long as 
possible and improves the quality of life [4, 9, 24]. However, this method also has 
many disadvantages:

• labor intensity; in a hospital setting, it becomes necessary to create an addi-
tional specialized therapeutic diet, which may not consider the patient’s 
characteristics.

• limited use; this method can be safe only in the absence of aspiration, and with 
progressive neurological disease, there is still a risk of micro aspiration.

Thus, a diet with a certain degree of thickening is suitable for patients with mild 
dysphagia. From the point of view of economic feasibility, this diet is more appli-
cable at home and in hospitals specializing in neurogenic dysphagia. In the condi-
tions of emergency hospitals, where there are few patients with mild dysphagia, the 
described method, in our opinion, is too strenuous.
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3. Use of nasogastric tube or gastrostomy tube for feeding

This method is justified in severe dysphagia or the absence of sufficient fruitful 
contact with the patient. Of course, tube feeding is also necessary for acute illness. 
However, tube feeding disrupts the digestion process in the oral cavity, disrupting 
synchronization of the secretion of the digestive glands and the entry of the food 
lump into the lumen of the stomach and intestines, and significantly reduces the 
quality of life. Moreover, tube feeding does not improve the survival rate of patients 
with chronic neurological diseases (for example, with dementia) [11, 25–28].

Percutaneous endoscopic gastrostomy (PEG) has several advantages over the 
nasogastric tube for dysphagia, notably after strokes and severe traumatic brain 
injury. The gastrostomy tube is more convenient from the point of view of care, 
and its unconscious or spontaneous removal is less likely. Also, according to several 
studies, patients with PEG usually receive a sufficient amount of enteral nutrition 
and, accordingly, have better indicators of nutritional status in comparison with a 
nasogastric tube [29]. In addition, prolonged standing of the nasogastric tube has a 
high risk of complications (such as pressure ulcers of the nasal mucosa, esophagus), 
significantly limits the volume of speech therapy, and may even contribute to the 
progression of dysphagia. Therefore, it is essential for the timely placement of 
gastrostomy tubes in such patients. According to clinical guidelines, the placement 
of a gastrostomy is necessary no later than 4 weeks of using a nasogastric tube or 
earlier if it is evident that the patient will not be able to return to eating through 
natural routes soon [5, 7, 30]. Introducing a gastrostomy tube facilitates the work of 
a speech therapist, increases the effectiveness of rehabilitation measures, and can 
accelerate the positive dynamics of dysphagia treatment.

4. Use of specialized thickeners

The most crucial point in the treatment of dysphagia is the selection of the food 
consistency [30–32]. The modern functional food market now offers specialized 
products for enteral oral nutrition with varying degrees of thickening. Products 
of the NUTRI company are of great scientific and clinical interest in this regard. 
Nevertheless, in our practice, we used the Softia S product to solve swallowing 
problems (fluids) and facilitate the swallowing of solid food, the Softia G product, 
based on xanthan gum, made it possible to expand thtient’s diet1.

We have conducted a study of the effectiveness of the use of these products. The 
Federal State Budgetary Scientific Institution “Federal Research and Clinical Center 
of Intensive Care Medicine and Rehabilitology“ approved the studies; protocol No. 
5/19 dated December 26, 2019.

Comparison of two groups (primary—Softia S, Softia G; control—standard 
diet) numerically was carried out using the nonparametric Mann-Whitney method. 
We compared three or more groups in terms of quantitative variables using the 
nonparametric Kruskal-Wallis method. The statistical significance of the differ-
ences between groups for paired and nominal indicators was carried out using the 
Pearson Chi-square (χ2) and McNeimer tests in the case of independent and depen-
dent groups, respectively. Relationship analysis was performed using Spearman’s 
nonparametric rank correlation. The analysis of dependent indicators in the case of 
comparing two periods was carried out based on the Wilcoxon nonparametric test. 
In the case of comparing three or more measurements, the Friedman nonparametric 

1 Instructions for use of Softia S. http://nutri-us.com/products/softias/index.html and instructions for 
use of Softia G. http://nutri-us.com/products/softiau/index.html [Accessed: September 14, 2021].



Dysphagia - New Advances

72

test is used. The level of statistical significance was fixed at 0.05. Statistical data 
processing was performed using Statistica 10 and SAS JMP 11 software packages.

4.1 Product Softia S

According to the initial speech therapy assessment data, all patients had a mild 
degree of neurogenic dysphagia. According to the instrumental assessment of 
swallowing function on the Rosenbek scale (PAS), four patients had an aspira-
tion rating of 3 (food enters the airways, remains above the vocal cords, but is not 
excreted from the airways), 26 patients had an aspiration rating of 2 (food enters 
the airways, stays above the vocal cords, and clears his throat from the airways). On 
the Fiberoptic Endoscopic Dysphagia Severity Scale (FEDSS) scale, all patients had 
a penetration score of 3 (fluid penetration with an excellent protective reflex).

By the end of the study, eight people of the primary group showed restoration 
of the swallowing function; residual effects of choking persisted in seven people. In 
the control group, we observed a slight improvement in two patients. In the remain-
ing 13, changes in the degree of dysphagia were not observed (Table 1). Laboratory 
parameters and the bodyweight of patients during the observation period in both 
groups did not change significantly. In addition, there were no cases of pyrexia 
during the observation period.

To test the hypothesis about significant changes that occurred during the periods 
“Day 1,” “Day 3,” “Day 5,” “Day 7,” and “Day 14,” a statistical analysis was carried out. 
In the considered period in the category “Breakfast,” four out of 16 indicator changes 
were statistically significant. The most significant changes were found for the indicators 
“Food consumption time, thickener” (on average, 3.7 min; p = 0.0033); “The number 
of chokes after fluid intake, thickener” (on average, 7.0 min; p < 0.0001); “Number of 
chokes during fluid intake, thickener” (average for 8.8 min; p < 0.0001). On the other 
hand, the minor changes between periods are observed for the following indicators: 
“Calorie content, control,” “F” (fats), and “C” (carbohydrates) (p > 0.6184) (Table 1).

In the considered period in the “Lunch” category, three out of 16 indicators 
change statistically significantly. The most significant changes were found for the 
indicators “Number of chokes after hydration, thickener” (on average, 8.1 min; 
p < 0.0001); “The number of chokes during fluid intake, thickener” (on average, 
12.1 min; p < 0.0001); “Food consumption time, thickener” (on average, 6.9 min; 
p < 0.0001). On the other hand, the smallest changes between periods were observed 
for the following indicators: “Number of chokes after fluid intake, control,” “Food 
consumption time, control,” and “C” (carbohydrates) (p > 0.6015) (Table 2).

In the considered period in the category “Dinner,” eight out of 16 indicators 
change statistically significantly. The most significant changes were found for the 
indicators “Number of chokes after fluid intake, thickener” (on average, 6.8 min; 
p < 0.0001); “The number of chokes during fluid intake, thickener” (average of 
8.7 min; p < 0.0001). On the other hand, the pettiest changes between periods were 
observed for the following indicators: “P” (protein), “Number of chokes after fluid 
intake, control,” and “Amount of fluid consumed, control” (p > 0.4098) (Table 3).

Assessing qualitative indicator dynamics (the presence or absence of dysphonia 
with sputum), statistically significant differences in the dynamics of dysphonia from 
the 1st to the 14th day of the study were revealed in the primary group all meals. In 
contrast, in the control group, there were no significant differences (Table 4).

4.2 Product Softia G

The duration of the study was 28 days. For the first 14 days, patients received a 
standard hospital diet, then for another 14 days—a diet supplemented with Softia 
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G. On the 1st, 14th, and 28th days of the study, the patients underwent a blood test, 
determining the level of prealbumin and urea in the blood serum. Furthermore, the 
patients were examined daily by a speech therapist and a nutritionist. During the 
daily assessment, the amount of food consumed orally (kcal), the amount of oral 
nutritional support performed (kcal), the content of proteins, fats, and carbohy-
drates of the food consumed, the amount of choking during or after drinking, body 
temperature (number of cases of pyrexia), the presence of dysphonia with phlegm 
(hoarse/hoarse voice if phlegm is present) are assessed. In addition, we assessed 
body weight every 2 weeks. The study of the product Softia G included 15 patients, 
including 8 men and 7 women, with the following distribution:

• By age: four patients—from 73 to 79 years old, five patients—from 63 to 
69 years old, four patients—from 45 to 47 years old, two patients—from 22 to 
39 years old;

• By pathology: traumatic brain injury (TBI)—2, cerebrovascular accident 
(CVA)—13.

According to the initial speech therapy evaluation, all patients had a mild degree 
of dysphagia, making it unnecessary to place a tracheostomy and insert a nasogas-
tric tube for feeding. Moreover, the selected patients, according to the Rosenbek 
scale (PAS), had an aspiration rating of 2 (food enters the airways, remains above 
the vocal cords, and clears his throat from the airway), according to the Fiberoptic 
Endoscopic Dysphagia Severity Scale (FEDSS) scale, all—a penetration rating of 3 
(fluid penetration with good protective reflex).

According to the speech therapy examination data, by the end of the study, 
nine patients showed a complete recovery of the swallowing function, six patients 
retained residual effects in mild choking (no significant changes were noted outside 
the use of the product).

During the first 14 days of observation (without Softia G), there was no significant 
increase in food intake. After introducing Softia G into the diet of patients, there was 

Groups Numbers 
yes/no, 

Day 1

Increase/Decrease (%) р

Day 3–Day 1 Day 5–Day 1 Day 7–Day 1 Day 14–Day 1

Thickener, 
breakfast

11/4 +2 
(+50.0)/−1 

(−9.1)

+2 
(+50.0)/−2 

(−18.2)

+2 
(+50.0)/−4 

(−36.4)

+0 (0.0)/−11 
(−100.0)

0.0026

Control, 
breakfast

14/1 +0 (0.0)/−0 
(0.0)

+0 (0.0)/−0 
(0.0)

+0 (0.0)/−0 
(0.0)

+0 (0.0)/−1 
(−7.1)

10.000

Thickener, 
lunch

15/0 +0 (0.0)/−4 
(−26.7)

+0 (0.0)/−4 
(−26.7)

+0 (0.0)/−10 
(−66.7)

+0 (0.0)/−14 
(−93.3)

0.0005

Control, 
lunch

14/1 +0 (0.0)/−0 
(0.0)

+0 (0.0)/−0 
(0.0)

+0 (0.0)/−0 
(0.0)

+0 (0.0)/−1 
(−7.1)

10.000

Thickener, 
dinner

12/3 +0 (0.0)/−3 
(−25.0)

+1 (+33.3)/−7 
(−58.3)

+2 
(+66.7)/−9 

(−75.0)

+0 (0.0)/−12 
(−100.0)

0.0015

Control, 
dinner

14/1 +0 (0.0)/−0 
(0.0)

+0 (0.0)/−0 
(0.0)

+0 (0.0)/−0 
(0.0)

+0 (0.0)/−1 
(−7.1)

10.000

Statistically significant differences in indicators are highlighted in color, the p level is presented between the 
indicators “Day 1” and “Day 14.”

Table 4. 
Analysis of the dynamics of quality indicators (Softia S).



77

DOI: http://dx.doi.org/10.5772/intechopen.101798
Nutrition Management in Neurogenic Dysphagia

G
ro

up
s

In
de

x
M

 ±
 S

M
 ±

 S
 (%

)
p

D
ay

 1
D

ay
 3

D
ay

 5
D

ay
 7

D
ay

 14

Th
ic

ke
ne

r
Th

e a
m

ou
nt

 o
f f

oo
d 

co
ns

um
ed

, k
ca

l
32

0.
13

 ±
 6

2.
22

35
4.

27
 ±

 10
9.4

8 
(1

0.
66

)
38

8.4
7 ±

 8
9.

01
 (2

1.
35

)
46

3.
27

 ±
 9

4.
30

 (4
4.

71
)

53
2.6

0 
± 

11
1.

39
 (6

6.
37

)
0.

00
10

Th
ic

ke
ne

r
N

um
be

r o
f c

ho
ck

s d
ur

in
g 

flu
id

 in
ta

ke
9.8

7 ±
 3.

48
8.

20
 ±

 3.
00

 (−
16

.8
9%

)
6.

20
 ±

 2
.7

8 
(−

37
.16

%
)

4.
40

 ±
 2

.2
0 

(−
55

.4
1%

)
1.

20
 ±

 1.
70

 (−
87

.8
4%

)
<0

.0
00

1

Th
ic

ke
ne

r
N

um
be

r o
f c

ho
ck

s a
ft

er
 fl

ui
d 

in
ta

ke
8.

33
 ±

 3.
27

6.
87

 ±
 3.

02
 (−

17
.6

0%
)

5.1
3 

± 
2.4

2 
(−

38
.4

0%
)

3.
53

 ±
 1.

81
 (−

57
.6

0%
)

0.
73

 ±
 1.

03
 (−

91
.2

0%
)

<0
.0

00
1

Th
ic

ke
ne

r
P 

(p
ro

te
in

s)
11

.9
3 

± 
4.

22
14

.2
7 ±

 5.
62

 (1
9.

55
)

14
.13

 ±
 5.

22
 (1

8.4
4)

15
.8

0 
± 

3.9
3 

(3
2.4

0)
18

.2
0 

± 
4.

31
 (5

2.
51

)
0.

02
76

Th
ic

ke
ne

r
F 

(f
at

s)
11

.8
7 ±

 3.
31

15
.13

 ±
 4

.0
7 (

27
.5

3)
14

.0
7 ±

 4
.0

3 
(1

8.
54

)
18

.4
0 

± 
4.

73
 (5

5.
06

)
21

.13
 ±

 5.
79

 (7
8.

09
)

0.
00

21

Th
ic

ke
ne

r
C 

(c
ar

bo
hy

dr
at

es
)

41
.9

3 
± 

8.
62

41
.2

0 
± 

17
.7

2 
(−

1.
75

)
51

.0
0 

± 
11

.0
5 (

21
.6

2)
59

.0
0 

± 
12

.3
6 

(4
0.

70
)

67
.6

7 ±
 13

.6
7 (

61
.3

7)
<0

.0
00

1

Co
nt

ro
l

Th
e a

m
ou

nt
 o

f f
oo

d 
co

ns
um

ed
, k

ca
l

30
9.

00
 ±

 75
.2

8
33

6.
87

 ±
 6

3.
51

 (9
.0

2)
29

2.
73

 ±
 58

.8
0 

(−
5.

26
)

32
4.

73
 ±

 75
.18

 (5
.0

9)
35

6.
60

 ±
 7

2.
81

 (1
5.4

0)
0.

11
35

Co
nt

ro
l

N
um

be
r o

f c
ho

ck
s d

ur
in

g 
flu

id
 in

ta
ke

9.4
7 ±

 3.
81

9.
53

 ±
 3.

07
 (0

.70
)

10
.0

7 ±
 3.

26
 (6

.3
4)

9.6
7 ±

 3.
22

 (2
.11

)
9.8

0 
± 

3.
30

 (3
.5

2)
0.

46
92

Co
nt

ro
l

N
um

be
r o

f c
ho

ck
s a

ft
er

 fl
ui

d 
in

ta
ke

8.
33

 ±
 3.

52
8.

00
 ±

 3.
02

 (−
4.

00
)

9.
00

 ±
 3.

02
 (8

.0
0)

8.4
0 

± 
3.

29
 (0

.8
0)

8.
67

 ±
 2

.8
2 

(4
.0

0)
0.

33
76

Co
nt

ro
l

P 
(p

ro
te

in
s)

12
.7

3 
± 

4.
13

13
.9

3 
± 

3.
24

 (9
.4

2)
11

.3
3 

± 
2.

77
 (−

10
.9

9)
12

.3
3 

± 
3.

09
 (−

3.1
4)

12
.8

0 
± 

2.
81

 (−
0.

52
)

0.
13

89

Co
nt

ro
l

F 
(f

at
s)

11
.13

 ±
 4

.2
1

13
.9

3 
± 

3.
28

 (2
5.1

5)
10

.2
7 ±

 2
.9

4 
(−

7.7
8)

12
.6

7 ±
 4

.0
6 

(1
3.

77
)

13
.9

3 
± 

4.
27

 (2
5.1

5)
0.

13
55

Co
nt

ro
l

C 
(c

ar
bo

hy
dr

at
es

)
39

.2
0 

± 
9.3

5
38

.2
7 ±

 11
.2

9 
(−

2.
38

)
38

.9
3 

± 
8.

84
 (−

0.
68

)
40

.4
0 

± 
9.4

3 
(3

.0
6)

44
.0

7 ±
 8

.6
0 

(1
2.4

1)
0.

37
72

St
at

ist
ica

lly
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s i

n 
in

di
ca

to
rs

 a
re

 h
ig

hl
ig

ht
ed

 in
 co

lo
r, 

th
e p

 le
ve

l i
s p

re
se

nt
ed

 b
et

w
ee

n 
th

e i
nd

ica
to

rs
 “D

ay
 1”

 a
nd

 “D
ay

 14
.”

Ta
bl

e 
5.

 
A

na
ly

sis
 o

f t
he

 d
yn

am
ics

 o
f q

ua
nt

ita
tiv

e i
nd

ica
to

rs
 fo

r t
he

 “B
re

ak
fa

st”
 ca

te
go

ry
 (

So
fti

a 
G

).



Dysphagia - New Advances

78

G
ro

up
s

In
de

x
M

 ±
 S

M
 ±

 S
 (%

)
p

D
ay

 1
D

ay
 3

D
ay

 5
D

ay
 7

D
ay

 14

Th
ic

ke
ne

r
Th

e a
m

ou
nt

 o
f f

oo
d 

co
ns

um
ed

, k
ca

l
46

3.8
0 

± 
14

3.
57

49
9.3

3 
± 

13
5.9

8 
(7

.6
6)

47
3.9

3 
± 

10
9.

50
 (2

.18
)

55
5.8

0 
± 

10
3.8

0 
(1

9.8
4)

64
3.4

0 
± 

83
.5

5 (
38

.7
2)

0.
00

24

Th
ic

ke
ne

r
N

um
be

r o
f c

ho
ck

s d
ur

in
g 

flu
id

 in
ta

ke
15

.7
3 

± 
5.5

6
13

.9
3 

± 
6.

11
 (−

11
.4

4)
11

.13
 ±

 5.
66

 (−
29

.2
4)

8.4
0 

± 
5.

21
 (−

46
.6

1)
2.

33
 ±

 3.
52

 (−
85

.17
)

<0
.0

00
1

Th
ic

ke
ne

r
N

um
be

r o
f c

ho
ck

s a
ft

er
 fl

ui
d 

in
ta

ke
12

.6
0 

± 
5.7

9
10

.8
0 

± 
6.

55
 (−

14
.2

9)
8.

67
 ±

 5.
50

 (−
31

.2
2)

6.
93

 ±
 4

.4
5 (

−
44

.9
7)

1.6
0 

± 
2.

75
 (−

87
.3

0)
<0

.0
00

1

Th
ic

ke
ne

r
P 

(p
ro

te
in

s)
17

.13
 ±

 5.
22

18
.8

0 
± 

4.
97

 (9
.7

3)
19

.13
 ±

 3.
31

 (1
1.6

7)
21

.3
3 

± 
2.4

1 (
24

.5
1)

25
.4

0 
± 

2.
35

 (4
8.

25
)

<0
.0

00
1

Th
ic

ke
ne

r
F 

(f
at

s)
18

.2
0 

± 
6.

14
21

.5
3 

± 
9.3

1 (
18

.3
2)

17
.2

7 ±
 5.

66
 (−

5.1
3)

17
.6

0 
± 

5.7
7 (

−
3.

30
)

21
.13

 ±
 6

.6
3 

(1
6.

12
)

0.
07

68

Th
ic

ke
ne

r
C 

(c
ar

bo
hy

dr
at

es
)

53
.3

3 
± 

24
.4

2
62

.2
0 

± 
20

.7
1 (

16
.6

3)
61

.2
7 ±

 1
5.4

1 (
14

.8
8)

73
.9

3 
± 

9.8
7 (

38
.6

3)
88

.2
0 

± 
8.

23
 (6

5.3
8)

<0
.0

00
1

Co
nt

ro
l

Th
e a

m
ou

nt
 o

f f
oo

d 
co

ns
um

ed
, k

ca
l

35
7.5

3 
± 

10
5.3

7
35

8.
93

 ±
 9

4.
52

 (0
.3

9)
26

9.4
0 

± 
90

.6
8 

(−
24

.6
5)

29
8.

33
 ±

 9
2.

58
 (−

16
.5

6)
30

1.8
7 ±

 8
9.6

3 
(−

15
.5

7)
0.

09
83

Co
nt

ro
l

N
um

be
r o

f c
ho

ck
s d

ur
in

g 
flu

id
 in

ta
ke

16
.3

3 
± 

6.
66

15
.6

0 
± 

5.8
8 

(−
4.

49
)

16
.2

0 
± 

5.6
8 

(−
0.

82
)

15
.6

7 ±
 5.

22
 (−

4.
08

)
15

.8
0 

± 
5.9

5 (
−

3.
27

)
0.

50
60

Co
nt

ro
l

N
um

be
r o

f c
ho

ck
s a

ft
er

 fl
ui

d 
in

ta
ke

13
.8

0 
± 

7.0
1

13
.3

3 
± 

6.
16

 (−
3.

38
)

13
.8

0 
± 

5.9
5 (

0.
00

)
13

.4
7 ±

 5.
44

 (−
2.4

2)
13

.13
 ±

 5.
96

 (−
4.

83
)

0.
47

99

Co
nt

ro
l

P 
(p

ro
te

in
s)

13
.4

0 
± 

3.6
8

13
.9

3 
± 

3.
58

 (3
.9

8)
11

.13
 ±

 3.
52

 (−
16

.9
2)

11
.4

7 ±
 3.

48
 (−

14
.4

3)
11

.8
0 

± 
3.1

0 
(−

11
.9

4)
0.

11
65

Co
nt

ro
l

F 
(f

at
s)

14
.5

3 
± 

4.
44

14
.2

0 
± 

4.
35

 (−
2.

29
)

9.9
3 

± 
4.

42
 (−

31
.6

5)
10

.3
3 

± 
4.

39
 (−

28
.9

0)
10

.7
3 

± 
4.

57
 (−

26
.15

)
0.

04
68

Co
nt

ro
l

C 
(c

ar
bo

hy
dr

at
es

)
43

.4
0 

± 
13

.3
9

43
.6

0 
± 

11
.2

6 
(0

.4
6)

33
.6

0 
± 

11
.2

4 
(−

22
.5

8)
36

.8
0 

± 
11

.5
1 (

−
15

.2
1)

37
.9

3 
± 

10
.4

6 
(−

12
.6

0)
0.

08
16

St
at

ist
ica

lly
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s i

n 
in

di
ca

to
rs

 a
re

 h
ig

hl
ig

ht
ed

 in
 co

lo
r, 

th
e p

 le
ve

l i
s p

re
se

nt
ed

 b
et

w
ee

n 
th

e i
nd

ica
to

rs
 “D

ay
 1”

 a
nd

 “D
ay

 14
.”

Ta
bl

e 
6.

 
A

na
ly

sis
 o

f t
he

 d
yn

am
ics

 o
f q

ua
nt

ita
tiv

e i
nd

ica
to

rs
 fo

r t
he

 “L
un

ch
” c

at
eg

or
y 

(S
of

tia
 G

).



79

DOI: http://dx.doi.org/10.5772/intechopen.101798
Nutrition Management in Neurogenic Dysphagia

G
ro

up
s

In
de

x
M

 ±
 S

M
 ±

 S
 (%

)
p

D
ay

 1
D

ay
 3

D
ay

 5
D

ay
 7

D
ay

 14

Th
ic

ke
ne

r
Th

e a
m

ou
nt

 o
f f

oo
d 

co
ns

um
ed

, k
ca

l
35

6.
00

 ±
 8

2.
37

42
6.

80
 ±

 13
3.6

0 
(1

9.8
9)

49
9.1

3 
± 

10
7.8

4 
(4

0.
21

)
50

4.
20

 ±
 8

5.9
7 (

41
.6

3)
53

0.
53

 ±
 6

9.1
8 

(4
9.

03
)

0.
00

56

Th
ic

ke
ne

r
N

um
be

r o
f c

ho
ck

s d
ur

in
g 

flu
id

 in
ta

ke
10

.0
0 

± 
3.1

6
7.8

0 
± 

3.4
5 (

−
22

.0
0)

6.
47

 ±
 2

.7
5 (

−
35

.3
3)

5.
07

 ±
 3.

97
 (−

49
.3

3)
1.1

3 
± 

1.6
4 

(−
88

.6
7)

<0
.0

00
1

Th
ic

ke
ne

r
N

um
be

r o
f c

ho
ck

s a
ft

er
 fl

ui
d 

in
ta

ke
8.

60
 ±

 2
.9

2
6.

40
 ±

 2
.9

0 
(−

25
.5

8)
5.

20
 ±

 2
.3

7 (
−

39
.5

3)
3.

53
 ±

 2
.2

6 
(−

58
.9

1)
0.

73
 ±

 1.
16

 (−
91

.4
7)

<0
.0

00
1

Th
ic

ke
ne

r
P 

(p
ro

te
in

s)
17

.2
0 

± 
5.

28
21

.9
3 

± 
4.

99
 (2

7.5
2)

24
.0

0 
± 

4.
71

 (3
9.

53
)

27
.2

0 
± 

4.
21

 (5
8.

14
)

28
.9

3 
± 

4.
43

 (6
8.

22
)

<0
.0

00
1

Th
ic

ke
ne

r
F 

(f
at

s)
16

.0
0 

± 
4.

87
19

.0
7 ±

 6
.9

5 (
19

.17
)

21
.2

0 
± 

4.
09

 (3
2.

50
)

20
.4

7 ±
 5.

71
 (2

7.9
2)

21
.4

0 
± 

4.
97

 (3
3.

75
)

0.
09

42

Th
ic

ke
ne

r
C 

(c
ar

bo
hy

dr
at

es
)

35
.3

3 
± 

8.
54

41
.0

7 ±
 14

.9
9 

(1
6.

23
)

51
.2

7 ±
 18

.8
5 (

45
.0

9)
52

.3
3 

± 
9.8

6 
(4

8.
11

)
55

.13
 ±

 8
.8

0 
(5

6.
04

)
0.

00
06

Co
nt

ro
l

Th
e a

m
ou

nt
 o

f f
oo

d 
co

ns
um

ed
, k

ca
l

27
8.

07
 ±

 7
9.9

3
29

2.6
7 ±

 74
.9

4 
(5

.2
5)

31
7.3

3 
± 

77
.4

3 
(1

4.
12

)
30

5.4
7 ±

 7
9.8

6 
(9

.8
5)

25
1.6

7 ±
 6

8.
26

 (−
9.4

9)
0.

25
69

Co
nt

ro
l

N
um

be
r o

f c
ho

ck
s d

ur
in

g 
flu

id
 in

ta
ke

9.8
0 

± 
3.

21
9.4

7 ±
 3.

25
 (−

3.4
0)

9.8
7 ±

 3.
29

 (0
.6

8)
9.4

7 ±
 3.

04
 (−

3.4
0)

9.8
0 

± 
3.

34
 (0

.0
0)

0.
46

47

Co
nt

ro
l

N
um

be
r o

f c
ho

ck
s a

ft
er

 fl
ui

d 
in

ta
ke

8.4
7 ±

 3.
25

8.
33

 ±
 2

.9
4 

(−
1.

57
)

8.
27

 ±
 3.

13
 (−

2.
36

)
8.

13
 ±

 3.
11

 (−
3.9

4)
9.1

3 
± 

3.
25

 (7
.8

7)
0.

29
49

Co
nt

ro
l

P 
(p

ro
te

in
s)

13
.7

3 
± 

4.
61

14
.0

7 ±
 3.

01
 (2

.4
3)

16
.8

0 
± 

5.
25

 (2
2.

33
)

16
.7

3 
± 

5.6
4 

(2
1.8

4)
13

.5
3 

± 
3.9

4 
(−

1.4
6)

0.
21

39

Co
nt

ro
l

F 
(f

at
s)

12
.3

3 
± 

5.
08

12
.0

0 
± 

4.
86

 (−
2.

70
)

14
.0

7 ±
 3.

99
 (1

4.
05

)
12

.5
3 

± 
3.8

0 
(1

.6
2)

10
.7

3 
± 

4.
33

 (−
12

.9
7)

0.
35

89

Co
nt

ro
l

C 
(c

ar
bo

hy
dr

at
es

)
29

.7
3 

± 
9.

58
33

.4
7 ±

 10
.9

0 
(1

2.
56

)
31

.13
 ±

 9.
46

 (4
.7

1)
32

.13
 ±

 9.
45

 (8
.0

7)
26

.7
3 

± 
8.

10
 (−

10
.0

9)
0.

44
74

St
at

ist
ica

lly
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s i

n 
in

di
ca

to
rs

 a
re

 h
ig

hl
ig

ht
ed

 in
 co

lo
r, 

th
e p

 le
ve

l i
s p

re
se

nt
ed

 b
et

w
ee

n 
th

e i
nd

ica
to

rs
 “D

ay
 1”

 a
nd

 “D
ay

 14
.”

Ta
bl

e 
7. 

A
na

ly
sis

 o
f t

he
 d

yn
am

ics
 o

f q
ua

nt
ita

tiv
e i

nd
ica

to
rs

 fo
r t

he
 “D

in
ne

r”
 ca

te
go

ry
 (

So
fti

a 
G

).



Dysphagia - New Advances

80

a consumption increment in the amount of food both once (during one meal) and 
daily. Laboratory values   during the observation period were relatively stable.

For statistical analysis, the stage without using a thickener was designated as 
“Control group,” the stage with the use of this product as “Thickener Group.” To 
test the hypothesis about significant changes—the periods of “Day 1,” “Day 3,” “Day 
5,” “Day 7,” and “Day 14” were statistically analyzed. Six out of 12 indicators in the 
“Breakfast” category during the period under review had statistically significant 
changes. The most significant changes are found for the indicators in the thickener 
group: “Number of chocks after fluid intake” (an average of 7.6 min; p < 0.0001); 
“the Number of chocks during fluid intake” (average of 8.7 min; p < 0.0001); “the 
food consumption time” (an average of 26.5 min; p < 0.0001). Whereas, the tiniest 
changes between periods are observed in the following indicators in the control 
group: “The number of gasps after hydration”, “C (fats)” and “The number of 
chocks during fluid intake” (p > 0.0001). (see Table 5).

Six out of 12 indicators in the “Lunch” category had statistically significant 
changes during the time under review. The most significant changes are found for 
the indicator in the thickener group: “Number of chocks during fluid intake” (aver-
age 13.4; p < 0.0001); indicator “C (fats)” (average of 34.9; p < 0.0001); indicator 
“P (proteins),” (average 8.3; p < 0.0001). The few changes between periods are 
observed in the following indicators: “P (proteins), in the control group,” “The 
number of chocks after fluid intake, control,” and “The number of chocks during 
fluid intake, control” (p > 0.0001) (Table 6).

During the time under review, five out of 12 indicators in the “Dinner” category 
had statistically significant changes. The most significant changes are found for 
the indicator: “Number of chocks after fluid intake, the thickener” (average of 
7.9; p < 0.0001); indicator “Number of chocks during fluid intake, the thickener” 
(an average of 8.9; p < 0.0001); indicator “P (proteins), the thickener” (average 
11.7; p < 0.0001). The few changes between periods are observed in the following 
indicators: “F (fats), in control,” “C (carbohydrates), in control,” and “The number 
of chocks during fluid intake, in control” (p > 0.0001) (Table 7).

Groups Numbers 
yes/no, 

Day 1

Increase/decrease (%) р

Day 3–
Day 1

Day 5–
Day 1

Day 7–Day 
1

Day 14–Day 
1

Thickener, 
breakfast

8/7 0 (0.0)/−3 
(−37.5)

0 
(0.0)/−6 
(−75.0)

0 (0.0)/−8 
(−100.0)

0 (0.0)/−8 
(−100.0)

0.0133

Control, 
breakfast

8/7 0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

10.000

Thickener, 
lunch

8/7 0 (0.0)/−3 
(−37.5)

0 
(0.0)/−6 
(−75.0)

0 (0.0)/−6 
(−75.0)

0 (0.0)/−8 
(−100.0)

0.0133

Control, lunch 8/7 0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

10.000

Thickener, 
dinner

8/7 0 (0.0)/−2 
(−25.0)

0 (0.0)/−7 
(−87.5)

0 (0.0)/−8 
(−100.0)

0 (0.0)/−8 
(−100.0)

0.0133

Control, 
dinner

8/7 0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

0 (0.0)/0 
(0.0)

10.000

Statistically significant differences in indicators are highlighted in color, the p level is presented between the 
indicators “Day 1” and “Day 14.”

Table 8. 
Analysis of the dynamics of quality indicators (Softia G).
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When we assessed the changes in the qualitative indicator (the presence or 
absence of dysphonia with sputum), we found out that there were statistically 
significant differences in the dynamics of dysphonia from the 1st to the 14th day of 
the study in the primary group during all meals. In contrast, no significant differ-
ences were present in the control group (Table 8).

5. Discussion

The thickening products have found wide applications in our practice. An option 
for a household-friendly thickener expands the possibilities for adequate oral fluid 
intake. Earlier, in treating and preventing dysphagia, starch was used to thicken liq-
uids (fruit jelly, milk jelly), which had several disadvantages: the need for thermal 
processing and the difficulty of dosing the degree of thickening. Currently, many 
specialized thickeners are easy to use and adjust the required degree of thickening. 
One of them is the reviewed product Softia S of NUTRI company, which allows 
thickening of any liquid, including drinking water, without changing the organo-
leptic properties of the drink.

The use of this product facilitated the fluid intake by patients after stroke and 
TBI with mild dysphagia when swallowing is complicated. Therefore, the use of 
the product has led to significant facilitation of patient care by medical staff and 
optimization of their working hours. Furthermore, the regular use of the product 
decreased the degree of dysphagia resulting from the normalizing act of swallowing 
due to the training of the oropharyngeal phase in conditions of collective work of 
the oral-articulatory apparatus, the muscles of the larynx; also, reducing the time 
of eating, reducing the frequency of choking and manifestations of dysphonia with 
sputum contributed to an improvement in the quality of life of patients and the 
effectiveness of rehabilitation measures.

It is difficult to achieve a uniform consistency of mashed products at home. 
Often, patients take factory-made and ready-made baby purees. Although, on the 
one hand, this somewhat limits the choice of flavor combinations, on the other, it 
significantly increases the financial burden on the patient’s family. Therefore, we 
considered the possibility of using the product Softia G from NUTRI.

This product made it easier for patients to take food after stroke and TBI with 
mild dysphagia and difficulty swallowing food, which has led to significant ease of 
patient care by medical personnel and, most importantly, increased the amount of 
food consumed.

The degree of dysphagia decreased with regular use of the product, as in the 
above-considered option for thickening drinks, due to the oropharyngeal phase 
training in conditions of the oral-articulatory collective work apparatus and the 
muscles of the larynx.

The frequency of choking and manifestations of dysphonia with sputum 
decreased significantly, contributing to an improvement in the quality of life of 
patients and the effectiveness of rehabilitation measures. In addition, an increase 
in the consumption of macronutrients and the total amount of food received helps 
prevent the development of protein-energy malnutrition due to underfeeding and 
improve the nutritional status of patients.

Providing oral food and drink intake in patients with mild dysphagia of vari-
ous origins is of great importance both in the process of rehabilitation and in 
subsequent care. It is necessary, if possible, to strive to obtain the total amount of 
nutrition through natural routes in this category of patients. For these purposes, the 
use of thickeners Softia S and Softia G is suitable. The inclusion of these products in 
the diet increases the safety of oral intake of food and liquids for patients, increases 
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the amount of food eaten, and can also help to eliminate the phenomena of mild 
dysphagia during rehabilitation.

6. Ready-made dense enteral feeding mixtures

Along with the use of thickeners in the clinical practice of nutritional support in 
dysphagia, ready-made dense enteral nutrition mixtures are now widely used:

• grade 1: syrup consistency; it can be drunk through a straw or from a cup, a 
thin layer remains on the walls

• grade 2: honey consistency; it can be drunk from a cup, a thick layer remains on 
the walls.

• grade 3: yogurt consistency; cannot be drunk, but we can eat with a spoon

• grade 4: consistency of thick sour cream, in which the spoon can stand on the 
mixture.

The positive aspect of these mixtures is, first of all, the fact that they are com-
pletely ready for use and do not require additional costs. In addition, they have good 
palatability based on patient preferences, are easy to use by patients, meet the needs 
with a minimum amount of nutrition, and maintain compliance with therapy. They 
are mainly high in calories (over 1.2 kcal/ml) and protein. The stable consistency 
of the mixtures corresponds to the adaptation of food and liquid by the type and 
degree of swallowing disorders. The use of ready-made mixtures is currently one 
of the most common medical recommendations. According to the literature, over 
80% of physicians consider the intake of thickened liquids to be the most effective 
therapeutic strategy. One of the reasons for the widespread use of ready-made 
mixtures is that thickened mixtures do not require adequate cognitive and linguistic 
abilities. Therefore, the use of such mixtures increases the effectiveness of nutri-
tional support [15, 32–34].

7. Conclusion

Neurogenic dysphagia is a multidimensional and multifactorial problem. 
This syndrome is typical for many conditions with different etiology, patho-
genic mechanisms, and predictable outcomes. Therefore, it is essential to select 
an adequate nutritional therapy, considering all the patient’s characteristics. 
Each of the described approaches has advantages and limitations. The choice of 
nutritional support method depends on the degree of dysphagia, the structure 
of the neurological disease, and short- and long-term prognosis. Patients with 
mild dysphagia, especially with progressive neurological diseases, should initially 
be offered ready-made dense enteral feeding mixtures or specialized thicken-
ers, according to the recommendations of a speech therapist. Acute patients 
with severe-to-moderate dysphagia should be fed with a nasogastric tube. If, in 
the next 4 weeks, a transition to per os feeding is not expected, a gastrostomy is 
required. However, we recommend that you do not overstretch with the PEG. In 
the process of rehabilitation, it is effective to combine nutrition through a gastros-
tomy tube and training of feeding through the mouth with the use of thickeners 
or ready-made nutritional mixtures.
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Surgical Treatment of Esophageal 
Advanced Achalasia
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and Vânia Aparecida Leandro-Merhi

Abstract

Of the several procedures that has to treat esophageal achalasia, the esopha-
gectomy is to be the most indicated in advanced disease, which prompted Pinotti 
the disseminate the transmediastinal esophagectomy technique in the 1970s, with 
the advantage of avoiding thoracotomy. Nevertheless, several series demonstrated 
that this technique was not exempt from complications one of which could lead to 
massive hemopneumothorax due to injury to the trachea- bronchial tree and vessels 
due the periesophagitis that may be present with consequent adherence of the 
esophagus to these noble organs. Thus, Aquino in 1996 introduced the esophageal 
mucosectomy technique with preservation of the esophageal muscle tunic at the 
level of mediastinum as well as the transposition of the stomach to the cervical 
region inside in this tunic for the reconstruction of digestive tract. The advantage of 
this procedure is to avoid transgression of the mediastinum. This author describes 
in details this procedure, and shows early results and late evaluation using the 
ECKARDT score in a series of patients showing the advantages of the esophageal 
mucosectomy due the low incidence of immediate postoperative complications and 
good resolution in long term due the absence of symptoms in most patients.

Keywords: Advanced achalasia, Chagasic megaesophagus, Esophageal achalasia, 
Esophageal mucosectomy, Esophagectomy

1. Introduction

Achalasia is one of the most studied affections associated with esophageal motil-
ity and is characterized by incomplete relaxation of the lower esophageal sphincter 
and absence of peristalsis along the esophageal body. Consequently, the food transit 
towards the stomach becomes hampered, which makes the patient present dys-
phagia as the main symptom. Other symptoms such as regurgitation of saliva and 
undigested food, heartburn, chest pain and respiratory symptoms such as nocturnal 
cough, recurrent aspiration and pneumonia have also been reported [1, 2].

The incidence of achalasia is similar in most countries, ranging from 0.7 to 1.6 
per 100,000 inhabitants/year and with a prevalence of 1.8 to 12.6 per 100,000 
inhabitants [2, 3].

Although idiopathic achalasia and Chagas disease have different etiologies, both 
conditions have, in fact, the same clinical, radiological, endoscopic and manometric 
presentation [1–3].
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2. Achalasia therapeutics

Different methods have been proposed for the treatment of this condition, none 
of which seems to be optimal, as they do not act directly on the pathophysiology 
of the disease [1, 4, 5]. Thus, the main objective this disease treatment is to rescue 
swallowing and diagnose potential diseases that may occur in the dilated esopha-
gus, consequent to long lasting food stasis.

Extramucosal cardiomyotomy, with its different technical variants, remains the 
most widely used surgical procedure, and with the advent of minimally invasive 
surgery today, the endoscopic (POEM) or laparoscopic approach has been widely 
accepted [2–7].

The good results obtained in myotomy using the minimally invasive technique 
are for cases of non-advanced achalasia, corresponding to an esophageal diameter 
that does not exceed 6 cm and that in high-resolution manometry reveals type II 
Chicago classification [2–4]. This has recently been well demonstrated in a meta-
analysis involving 1575 patients with achalasia type II, submitted to laparoscopic 
myotomy with fundoplication with medium and long-term follow-up, that dem-
onstrated a success rate with adequate rescue of swallowing in 92% of patients [8]. 
These results confirm what has been previously demonstrated by other authors 
who made assessments 1 to 18 years after surgery, in a compilation of 39 series with 
3,086 patients with non-advanced achalasia undergoing this surgical procedure, 
who presented an average of 89% of excellent results [9].

Although laparoscopic myotomy is considered the first-line treatment for 
non-advanced achalasia, it is an invasive procedure though, that requires general 
anesthesia, which can lead to greater morbidity in the immediate postoperative 
period, especially in patients with unsatisfactory cardiopulmonary clinical condi-
tions [2, 4, 10].

This is the reason for the advent of endoscopic myotomy, a procedure described 
by the Japanese school, and which consists, in the realization, under endoscopic 
vision, of a long extension submucosal tunnel from the end of the middle esopha-
gus to 2 cm below the columnar squamous junction, in order to expose and section 
more adequately the esophagus circular muscle fibers [11]. The great advantage of 
this procedure is to minimize the surgical trauma that can potentially occur with 
more intensity through the laparoscopic approach [2–4, 12].

Some series have shown in a mean 3-year follow-up after surgery that endo-
scopic myotomy is comparable in terms of good results to 87 to 93% with the 
laparoscopic route results when evaluated by the ECKARDT score, thus providing 
good quality of life in patients with non-advanced achalasia [4, 13–16].

Although endoscopic myotomy has the advantage of avoiding further surgical 
trauma, in an evaluation carried out in the medium and long term, it has been 
shown, however, that endoscopic myotomy predisposes to greater gastroesophageal 
reflux when compared to laparoscopic myotomy, since in the latter a partial fun-
doplication surgery is performed. This has recently been shown in meta-analysis 
studies with pH monitoring. It was found that the rate of acid exposure can range 
from 39 to 58% after endoscopic myotomy decreasing to only 7.6% to 16.8% when 
compared to surgical myotomy [17, 18].

Although surgical/endoscopic myotomy demonstrates good results in the 
adequate rescue of swallowing in patients with non-advanced achalasia, this is not 
evidenced though in patients who have this condition with an esophagus diameter 
greater than 6 cm and in high-resolution manometry having a type I Chicago clas-
sification, due to the lack of adequate contractility of the entire esophagus, as has 
been shown recently [2–4].
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Thus, other authors began to standardize cardioplasty procedures for patients 
with advanced achalasia, in order to promote a more adequate esophageal empty-
ing, mainly by the techniques described by Thal et al., 1965, Hatafuku et al. in 1972, 
and Serra Doria et al. in 1968, with the experience of the Brazilian surgical school 
being outstanding, since in this country, advanced achalasia is quite frequent, due 
to the predominance of the Chagas etiology [19–22].

However, mid-term studies have shown that cardioplasties have not always 
yielded satisfactory results, mainly due to the difficulty in emptying the esopha-
gus, and due to the gastroesophageal reflux that such procedure can trigger [20, 
22–24]. This fact has been well demonstrated more recently by Aquino et al. [25], 
who evaluated the 5 years late postoperative period in 19 patients with recurrent 
advanced achalasia who underwent SERRA DORIA cardioplasty and found that 
only 38.4% of the patients had normal swallowing and 53.8% of them had regurgi-
tation, concluding that this procedure should only be indicated for patients without 
clinical conditions justifying esophagectomy.

Based on these considerations, the almost total resection of the esophagus began 
to acquire a new perspective for the treatment of major achalasia, Camara-Lopes 
[26], concerned with the poor results of conservative therapy for cases of advanced 
achalasia of Chagas disease etiology, introduced in Brazil in 1958, the subtotal 
resection of the esophagus via the right transpleural approach. At the same time, he 
further recommended that the reconstruction of the transit would be performed in 
a second surgical stage, through a retrosternal gastroplasty, a surgery that became 
known after his name.

With the best standardization of this procedure, it was recommended that this 
surgery be performed at the same time, with the gastric transposition to the cervi-
cal region performed by the posterior transmediastinal route, demonstrating the 
advantages of this technical variant over the previous one, mainly because it leaves 
the stomach in the space previously occupied by the esophagus, preventing the 
angulation of the esophagogastric anastomosis; in addition two operative times are 
avoided, which could cause greater morbidity [27–29].

Although the subtotal esophagus resection could offer the advantage of trying 
to completely resolve the dysphagia, by removing the entire denervated area of   the 
organ, with great ectasia, it still caused high morbidity [28–30].

Thus, many authors began to indicate more economical resections, acting 
exclusively in the esophagus distal third section and in the cardia, locations of 
greatest importance within the achalasia pathophysiology, due to the evident lack of 
relaxation at the level of the lower esophageal sphincter. Hence, they recommended 
the distal resection of the organ or simple cardiectomy, either by left thoraco-
laparotomy, or laparotomy, reconstructing the transit, either by interposition of 
a jejunal loop [31–33], or with a colon segment [33, 34] or by means of a valved or 
non-valved intrathoracic esophagogastric anastomosis [33, 35]. However, mid- and 
long-term postoperative evaluation with distal esophageal resection showed relapse 
of dysphagia or gastroesophageal reflux in a significant percentage [31, 32, 34].

Thus, the evaluation, carried out both in anatomical and functional studies, 
demonstrated with more precision that subtotal esophagectomy was the procedure 
that was even better suited for the treatment of advanced forms of megaesophagus, 
despite the great extension of the surgery [36, 37]. In turn, patients with advanced 
disease, usually malnourished and with difficulty in emptying the esophagus, were 
predisposed to repeated bronchoaspirations, and may present a significant degree 
of pulmonary impairment, which causes the transpleural pathway to be predis-
posed to severe postoperative complications, especially in the pulmonary functions 
[30, 32, 38].
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In the past, the persistence of great surgeons in trying to solve the problem of 
pulmonary collapse and pleuromediastinal contamination in cases of esophageal 
cancer led to the recommendation of successful esophagectomy via the cervicoab-
dominal extrapleural route, in experimental and clinical studies [39].

Based on this experience and always concerned with the obstacle of thora-
cotomy, over the years, several authors began to indicate esophagectomy without 
thoracotomy in a rationalized way, in patients with esophagus, cardia or pharyn-
goesophageal transition malignancy, or even in the case of esophageal stricture, 
consequence of caustic esophagitis or gastroesophageal reflux [40–44].

Considering that the results were quite favorable, the possibility of perform-
ing it for cases of advanced megaesophagus began to be considered. Ferreira [45], 
seeking to adapt the advantages of subtotal esophagectomy, through a less traumatic 
technique, especially for patients with severe esophageal ectasia, potentially mal-
nourished and sometimes with pulmonary affections introduced in Brazil cervi-
coabdominal esophagectomy without thoracotomy, the phleboextraction method, 
with transit reconstruction through an esophagogastroplasty through the posterior 
mediastinum, a technique that became known after its author’s name.

Thus, with the better standardization of this surgical technique, several authors 
from the Brazilian surgical school started to use this procedure as a routine in the 
treatment of advanced megaesophagus [46–49]. Others advocated the resection of 
the esophagus through the same route, but by rhombodigital mediastinal dissection 
and detachment [44, 50].

Pinotti [41] and Pinotti et al. [51], improving the evaluation of both procedures, 
emphasized that they did not provide an adequate approach of the esophagus, and 
its resection was carried out practically “blindly”. Thus, also wanting to avoid the 
obstacle of thoracotomy, but to provide a wide view of the organ at the medias-
tinal level for its resection, he proposed a wide frenotomy in the middle portion 
of the diaphragm, from the esophageal hiatus to the xiphoid appendix. Thus, 
for more advanced cases of achalasia, a more rationalized technique through the 
cervicoabdominal approach was deemed suitable. From then on, this technique 
became known after the name of the author, and was used by other surgeons [49, 
50, 52–54].

More recently, with the advent of minimally invasive surgery, resection of the 
esophagus has been made possible using video laparoscopy [55–57].

Although the resection of the esophagus without thoracotomy, using any of 
the three technical variations mentioned, could bring the advantages of avoiding 
the impairment of pulmonary dynamics, such surgery has not been shown to be 
completely free from complications. Among these, there is the opening of the 
pleura and consequent hemo or hydropneumothorax, causing greater postoperative 
morbidity [46, 50, 51, 53, 58]. This can occur, as advanced esophageal achalasia, 
due to periesophagitis, causes the esophagus to be adhered to the noble structures 
of the mediastinum and thus during the dissection procedures it may predispose to 
lesions.

In addition, it is well known that in advanced megaesophagus, stasis esophagitis, 
which is usually present, predisposes to the development of preneoplastic lesions, 
such as leukoplakia, and may even progress to malignancy [3, 4, 23, 59, 60].

In view of these considerations, a method was devised that would allow the 
removal of the esophagus mucosa and submucosa through the esophagus complete 
invagination, through the combined cervicoabdominal route without thoracotomy 
and preserving the entire esophageal muscle tunic. Thus, prophylaxis will be 
performed with the eradication of preneoplastic mucosal lesions that might exist. 
In addition dissection and detachment of the esophagus at the level of the mediasti-
num is avoided.



91

Surgical Treatment of Esophageal Advanced Achalasia
DOI: http://dx.doi.org/10.5772/intechopen.99944

3. Esophageal mucosectomy - historical aspects and indications

The idea of removing the esophageal mucosa and submucosa by invagination, 
preserving the tunica muscle at the mediastinal level, dates back to 1914 with the 
pioneering works of Rehn (apud Kirschner [61]). This author, concerned at the 
time with mediastinal hemorrhages and pleural lesions which occurred in the case 
of esophageal stripping via the cervical abdominal route in experimental surgery 
in dogs, conceived the experimental model by extracting only the mucosal and 
submucosal cylinders through the same route. However, due to the low impact of 
his method and for not being able to standardize an adequate reconstruction of the 
cervical esophagus with the stomach, he abandoned his propositions.

Later, other authors demonstrated, in clinical experience, the validity of this 
procedure in patients with caustic esophagitis, carcinoma of the distal esophagus 
and of the proximal portion of the stomach [62, 63].

As Brazil is a country with a high incidence of achalasia, mainly due to Chagas 
etiology, Aquino et al. [64] recommended this type of procedure, initially carrying 
out an experimental study in dogs, demonstrating its feasibility. Further studies on 
human cadavers demonstrated the feasibility of this method.

Thus, supported by this experimental verification, our clinical experience began 
with good evolution in the initial evaluation [65], and recently the great validity 
of this procedure was demonstrated in 131 patients with advanced achalasia with 
esophageal diameter greater than 10 cm.

4. Methods – surgical technique: esophageal mucosectomy

Surgical technique following standardization proposed by Aquino [65]:

a. Mucosal resection - Abdominal stage: The surgery starts with a midline 
laparotomy from the xiphoid process to 5 cm below the umbilicus followed 
by dissection of the abdominal esophagus and division of vagi nerves. 
Longitudinal myotomy in the anterior esophagus from the cardia to the hiatus 
and circumferential dissection of the mucosa/submucosa layer in 5 to 7 cm 
(Figure 1).

Cervical stage: Left lateral cervicotomy following the anterior border of the 
sternocleidomastoid muscle from the sternum to 10 cm upwards. Dissection 
of the esophagus free of the posterior and prevertebral fascia and trachea. 
Longitudinal myotomy in the anterior esophagus 5 cm from the pharynx to 
the sternum and circunferencial dissection of the mucosa/submucosa layer. 
(Figure 2).

Combined stage: After a cylindrical segment of mucosa is dissected free of the 
muscular in the abdomen and neck, a small mucosectomy is made in the abdo-
men and neck to allow the passage of a rectal tube upwards. Cervical esopha-
geal mucosa is circumferentially transected and tied to the rectal tube by a long 
and resistant surgical thread to allow pulling the replacement viscera to the 
neck. The mucosa is slowly striped downwards and inverted in the abdomen. 
(Figures 3 and 4). The esophagus is completely sectioned at the level of the 
esophagogastric junction and the neck.

b. Digestive Tract Reconstruction: Digestive tract was reconstructed in all patients 
with the stomach after division of the left side gastric, right gastroeplicoic and 



Dysphagia - New Advances

92

short vessels. A route for stomach transposition on accessibility to the neck in 
all patients was into the muscular tunnel (Figure 5). Esophagogastrostomy 
anastomosis was performed at the cervical level too in all patients with a circu-
lar stapler for end-to-side anastomosis. A feeding jejunostomy tube was always 
added to the procedure. Drains were left in the abdomen and neck.

4.1 Early postoperative evaluation

This assessment was performed with 131 patients with advanced achalasia 
undergoing this type of surgical procedure. The patients remained in the first 

Figure 1. 
Abdominal stage-circunferencial dissection of the mucosa/submucosa layer.

Figure 2. 
Cervical stage-circunferencial dissection of the mucosa/submucosa layer.
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Figure 3. 
Cervical esophageal mucosa is transected and tied.

Figure 4. 
The mucosa is slowly stripped downwards and inverted in the abdomen.
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24–48 hours after surgery under the care of the medical team of the Intensive Care 
Unit, and enteral nutrition was started through the jejunostomy tube, with the 
reestablishment of intestinal motility.

Oral feedback was instituted after evaluating the integrity of the esophago-
gastric anastomosis by performing contrast radiography with iodinated substance 
between the seventh and the tenth postoperative day; in patients with clinical 
evidence of fistula, depending on its evolution; the day of this examination was 
variable.

In all patients, a simple chest X-ray was performed in the first 24 hours after 
surgery and systematically repeated at a 72-hour interval in the first week, or for a 
shorter period in cases with clinical parameters of pleuropulmonary complications.

The entire sample was initially assessed in terms of morbidity and mortal-
ity in the first thirty days after surgery, as well as the treatment for each of the 
complications.

4.2 Late postoperative evaluation

This assessment was carried out in 85 patients with a variable period of 2 to 
5 years after the surgery, and was compared with the preoperative period. The four 
main clinical symptoms and their intensity was quantified according to the score 
proposed by Eckardt et al. [66]: (a) DYSPHAGIA: zero - no symptoms; 1- occa-
sional; 2 - daily; 3 - every meal; (b) REGUGITATION: zero - no symptoms; 1- occa-
sional; 2- daily; 3 - every meal; (c) RETROSTERNAL PAIN: zero - no symptoms; 
1 - occasional; 2 - daily; 3 - several times a day; WEIGHT LOSS: zero - no loss; 
1- <5 kg; 2–5 to 10 kg; 3- > 10 kg.

Figure 5. 
Gastric transpositon to the neck into the muscular tunnel.
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5. Results

5.1 Early assessment

1. Aspects related to mucosal resection: Mucosal resection by means of submuco-
sal detachment was performed easily and without accidents in all 131 patients, 
with the removal of the entire circumference of that tunic.

2. Anatomopathological evaluation: In all surgical samples studied, there was 
moderate to intense lymphoplasmacytic infiltrate, both in the mucosal and 
submucosal layers. In 17 surgical specimens (12.9%), leukoplastic lesions were 
present, but none of them showed malignancy.

3. Clinical evaluation: out of the 131 patients studied, 129 (98.4%) had good evo-
lution without any hemodynamic changes, being discharged from the Inten-
sive Care Unit within the first 48 hours after surgery. Oral diet started between 
the 7th and 10th postoperative day in 107 patients (83.0%), after confirmation 
of the integrity of the cervical esophagogastric anastomosis by the esopha-
gram. The jejunostomy tube was removed after 3 to 4 weeks postoperatively 
when solid diet was introduced orally. In 22 patients (17.0%), due to anasto-
motic dehiscence, the oral diet was reintroduced between the 18th and 29th 
day after surgery, after clinical and radiological confirmation of the closure of 
the anastomotic dehiscence.

4. Chest radiological evaluation: Simple chest radiography performed postopera-
tively on the recommended days did not reveal any pleuropulmonary alteration 
in 113 patients (86.2%). In the remaining ones, isolated pleural effusion was 
evidenced in 11 patients (8.3%), pulmonary infiltrate only in 5 patients (3.8%) 
and association of pleural effusion and pulmonary infiltrate in 2 patients (1.5%).

5. Complications – Two patients (1.5%) died on the third and fifth postoperative 
days, for sepsis due to stomach necrosis and pulmonary embolism, respective-
ly. Chest drainage was performed in 7 of the 11 patients who presented with 
moderate pleural effusion, with expectant management for the remaining 4 
patients and with good outcome. Pulmonary infection diagnosed in 7 patients 
(7.6%) was treated with specific medication and with good evolution. Anasto-
motic dehiscence present in 22 patients had good resolution with conservative 
treatment. Of these, 9 patients had anastomotic stenosis, with good improve-
ment after endoscopic dilation.

Symptoms N = 85 patients

Preoperative Postoperative (2 to 5 years) p

Dysphagia 2.7 0.9 <0.001

Regurgitation 2.1 0.8 0.043

Retrosternal pain 1.9 0.2 0.049

Weight loss 2.9 0.0 0.001

Total 9.6 1.9 0.009

Table 1. 
Distribution of patients in the pre- and postoperative period in relation to the mean of symptoms according to 
the Eckardt score et al. [66].
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5.2 Late assessment

It was performed in 85 patients between 2 and 5 years after the surgery in 
relation to the average of the four symptoms recommended by the Ekardt et al. 
score [66], A significant difference between the pre- and postoperative periods was 
observed during the time studied, showing that the patients experienced a good 
evolution (Table 1). And also when taking the mean of the sum of symptoms, the 
difference was also very significant, because preoperatively the mean score was 9.6 
and postoperatively it decreased to 1.9 (Table 1).

6. Comments

Most of the time, the few authors who described the clinical experience of 
removal of the mucosa and submucosa of the esophagus by invagination with 
preservation of the muscular tunic performed median frenotomy with section of 
the diaphragmatic pillar for greater exposure of the esophagus, and thus to be able 
to dissect the mucosa in greater detail extension [62, 63].

Opening the diaphragm with greater esophageal dissection at the mediastinal 
level would not correspond to one of the objectives recommended by the technique 
we propose: to avoid mediastinal involvement. Thus, in no patient in the series 
studied, this exposure became necessary, since the dissection of the mucosa in rela-
tion to the tunica muscularis, performed along the entire length of the abdominal 
esophagus and in almost the entire length of the cervical esophagus, was sufficient 
for the removal of the specimen with the surgical procedure in all the cases studied, 
according to intraoperative macroscopic evaluation.

This easy removal of the mucosa through the submucosal plane must occur due 
to the histological characteristics of the esophagus tunics. The mucosa consists of 
a resistant stratified flat epithelium, and the submucosa has a low proportion of 
collagen fibers and a large amount of elastic fibers, making it more flexible and 
looser [62].

Another objective of this procedure is that in the entire resection of the  
mucosal/submucosal cylinder, both the prophylaxis and the eradication of all 
chronic inflammatory lesions detected due to the long-term food stasis and, as a 
consequence, a malignant potential, have occurred as has been shown in some series 
of patients with advanced megaesophagus, with a frequency ranging from 3–10% 
[3, 27, 49, 50]. The presence of carcinoma was not found in any of the samples, 
although in all cases, there was moderate to intense inflammatory infiltrate and in 
12.9% leukoplastic lesions.

Mediastinal hemorrhage is not a common occurrence after esophagectomy with-
out thoracotomy. However, a high incidence of morbidity and mortality is expected 
when hemorrhage occurs [29, 33, 42, 44]. This can occur due to direct injury to the 
azygos vein and esophageal vessels directly from the aorta, which associated with 
pleural involvement can progress to hemothorax in up to 25% of cases. This com-
plication usually requires immediate repair by thoracotomy, often unsuccessfully, 
a fact that did not occur in any of the cases of esophageal mucosectomy technique 
surgeries used.

Another complication that can occur with transhiatal esophagectomy is hydro-
pneumothorax with an index variable from 22.2% to 83.3%, because the dissection 
of the esophagus at the mediastinal level can result in the opening of the pleura [29, 
33, 42, 44–46]. The reduced incidence of pleuropulmonary complications and none 
at the mediastinal level in the series of patients in our study, justifies once again the 
proposed technical procedure.
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Recently, Aquino et al. [67] compared intra- and postoperative complications in 
229 patients with advanced megaesophagus undergoing esophageal mucosectomy 
and transhiatal esophagectomy. Pleural effusion with or without hemothorax was 
more frequent in patients submitted to transhiatal. Other complications of great 
morbidity occurred only in the group submitted to transhiatal, like massive hemo-
thorax which developed in 6 (5%) patients, among which two died. Also in the 
transhiatal groups, 3 (2%) patients developed tracheal injury and one of them died.

Another important aspect to consider with this technique is the possibility of 
excessive bleeding when removing the mucosa and submucosa. However, both in 
the intra- and immediate postoperative evaluation, all parameters showed that the 
patients evolved hemodynamically stable and few required blood replacement. 
Paricio et al. [62] demonstrated in their series that the amount of blood did not 
exceed 100 mL by aspiration drainage from the tunica muscularis in 3 patients who 
had undergone mucosectomy due to adenocarcinoma of the cardia. Other authors 
who also performed this technique demonstrated that although the mean blood vol-
ume eliminated intraoperatively was between 700 to 800 mL, in none of the patients 
hemodynamic instability developed [63]. Aquino et al. [64], demonstrated in an 
experimental study in dogs, absence of active bleeding 2 hours after mucosectomy.

These findings confirming the minor bleeding with the use of the technique 
described above may be due to the characteristics of the esophagus intramural 
blood supply. According to Potter & Holyoke [68], the segmental arterial branches 
of the aorta penetrate the longitudinal and circular muscle bundles of the esopha-
geal wall and further subdivide into the highly distensible tunica submucosa. Thus 
since these vessels have a much narrower caliber than the esophagus arteries it is 
supposed that spontaneous hemostasis occurs.

In the late evaluation of the 85 patients whom we were able to follow-up up for 
5 years, the validity of said operative procedure was evidenced once again, because, 
as demonstrated, the four symptoms recommended by Eckardt et al. score [66] 
had an evident significance between the pre- and post-operative period with good 
evolution of the patients. Dysphagia stands out, which in the preoperative period 
all patients exhibited this symptom daily and/or at every meal and in the postopera-
tive period, the majority had normal swallowing or very occasional dysphagia. In 
addition, all patients experienced a very expressive weight gain with 27 patients 
exhibiting more than 25 kg of weight gain.

And also when we evaluated the mean sum of symptoms at the same time of 
follow-up, the good evolution of the patients was once again confirmed, as preop-
eratively it was 9.6 and post-operatively it decreased significantly to 1.9.

Until the presentation of our study, no series had demonstrated any study 
that could compare in the preoperative and postoperative esophagectomy period 
performed for advanced achalasia of chagasic or idiopathic origin, the assessment 
of the sum of the symptom score proposed by Eckardt et al. [66]. Only this author’s 
study is reported with 54 patients with idiopathic achalasia, but who underwent 
pneumatic dilation with a mean follow-up of 13.8 years after the procedure. These 
authors recommended that in order to have clinical remission of the disease after 
treatment, it is necessary that the symptoms have completely disappeared or 
that the total sum of the score does not exceed 3, a fact that was very evident in 
our series.

Thus, we conclude that esophageal mucosectomy with preservation of the 
muscular tunic for the treatment of advanced esophageal achalasia is an adequate 
procedure due to the low incidence of pleuropulmonary complications, absence of 
mediastinal complications and good resolution of symptoms in the long term. We 
thus hope to offer a new alternative for those who consider the esophagus resect-
ability as the best form of therapy for advanced achalasia.
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Chapter 7

Lipofilling in Post-Treatment Oral
Dysfunction in Head and Neck
Cancer Patients
Marise Neijman, R.T. Karsten, L. van der Molen, O. Lapid
and M.W.M. van den Brekel

Abstract

Lipofilling is a new treatment option for head- and neck cancer patients who
suffer from chronic and severe (chemo-) radiation or surgery-related swallowing
problems. Lipofilling is a technique of autologous grafting in which living fat cells
are transplanted from one location to another in the same patient. In the case of
head and neck cancer patients, volume loss or muscle atrophy of the tongue or
pharyngeal musculature caused by the treatment may result in oropharyngeal dys-
function. Firstly, intensive swallowing therapy will be given, but if that offers no
further improvement and the functional problems persist, lipofilling can be
considered. By transplantation of autologous adipose tissue, the functional
outcomes might improve by compensating the existing tissue defects or tissue
loss. Only a few studies have been published which evaluated the effectiveness of
this new treatment option. The results of those studies show that the lipofilling
technique seems safe and of potential value for improving swallowing function
in some of the included patients with chronic and severe dysphagia after
surgery and/or (chemo-) radiation therapy for head and neck cancer. The lipofilling
procedure will be described in detail as well as the clinical implications.

Keywords: lipofilling, head and neck neoplasms, dysphagia, deglutition,
deglutition disorders, fat transfer, autologous fat injection, adipose tissue, quality
of life

1. Introduction

Head and Neck Cancer (HNC) is the seventh most common type of cancer
worldwide [1]. The regions of HNC include cancers of the nasal cavity, oral
cavity, nasopharynx, oropharynx, hypopharynx, larynx, and paranasal sinuses
(see Figure 1). Risk factors are tobacco use, alcohol consumption [2], and viral
infections with the Human Papilloma Virus (HPV) (for oropharyngeal cancers) [3]
and Epstein-Barr Virus (EPV) (for nasopharyngeal cancers) [4].

1.1 TNM classification

HNC tumors can be classified using the TNM stage classification published by
the American Joint Committee on Cancer and International Union for Cancer
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Committee (AJCC/UICC) [5]. This classification is based on the anatomic tumor
extent and includes three different aspects. Firstly, the size of the primary tumor
(T), secondly the presence or absence and extent of involved regional lymph nodes
(N), and lastly the presence or absence of distant metastasis (M). With the TNM
classification, it is possible to give an estimate on cancer prognosis and it is helpful
for treatment selection and proper communication. An example of a TNM classified
advanced oropharynx carcinoma with one lymph node involved and diagnosed with
no distant metastasis is T3N1M0.

1.2 Head and neck cancer treatment

Patients with HNC can be treated with (a combination of) surgery, radiother-
apy, chemotherapy, proton therapy, immunotherapy, or photodynamic therapy
(PDT). The choice of treatment depends on the location and the size of the tumor
(TNM classification). Despite improved radiotherapy techniques, the anatomical
structures, including muscles and tissue around the primary tumor, can still be
damaged by the tumor itself or the treatment [6–8]. Well-known (negative) side
effects of the HNC treatment are xerostomia, sticky saliva, mucositis, altered taste,
weight loss, pain, trismus and tissue loss due to fibrosis. Long-term functional
problems such as swallowing problems (dysphagia), voice or speech problems, and
trismus can harm patients’ quality of life [9].

Figure 1.
Regions of head and neck cancer, source: https://www.intechopen.com/chapters/67124
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2. Dysphagia in HNC patients

One of the most critical and potentially life-threatening functional problems in
patients who are treated for advanced HNC is acute and chronic dysphagia. One of
the causes of dysphagia after HNC treatment might be a reduced tongue strength,
insufficient contact between the base of tongue and pharyngeal wall, reduced
hyolaryngeal elevation, and reduced opening of the upper esophageal sphincter.
Due to this altered physiology, the food bolus is swallowed less powerfully, leading
to stagnation of food (‘residue’), with a high risk of laryngeal penetration or even
(silent) laryngeal aspiration of the residue into the trachea. The swallowing prob-
lems may worsen when the swallowing musculature is no longer actively used, and
the so-called ‘non-use’ atrophy occurs, causing further deterioration of the
swallowing function [10]. Dysphagia (chronic) can lead to reduced body weight,
long-term and even lifelong feeding tube dependency, depression, reduced quality
of life, aspiration pneumonia and can even lead to death [6, 11, 12].

3. Treatment options of HNC related dysphagia

In the next paragraph, the treatment options of HNC-related dysphagia will be
described. Firstly, the importance of interdisciplinary head and neck rehabilitation
will be described, secondly (preventive) swallowing protocols and finally, surgical
options.

3.1 Interdisciplinary head and neck rehabilitation

The treatment of dysphagia, and the treatment of HNC patients in general,
involves a high level of variety and complexity of problems. Therefore, it is
recommended to have a specialized multidisciplinary team of medical specialists
and allied health professionals, specialized in head and neck oncology [13].
Rehabilitative care aims primarily at reducing and/or preventing negative
effects of head and neck cancer treatment, and thereby improving daily
functioning. The effectiveness of head and neck rehabilitation program have been
proven [13, 14].

3.2 (Preventive) swallowing protocols

Over the last years, the prevention of dysphagia has become a major focus point
in HNC research. The assumed disadvantages of (prophylactic) feeding tube place-
ment to prevent weight loss and with that effectively immobilizing the swallowing
musculature, have led to the so-called ‘eat or exercise’ principle [10]. This means
that oral intake should be maintained as long as possible, and that preventive
swallowing rehabilitation programs should keep the swallowing musculature
‘active’ as much as possible before and during treatment. Studies on preventive
rehabilitation in the Netherlands and elsewhere have shown that preventive
swallowing protocols (in particular in the short-term) are associated with better
post-treatment functional outcomes and quality of life, and are cost-effective,
compared to standard care [10, 15–22].

There are several (swallowing) exercises that have proven their value in the
treatment of dysphagia. Those exercises are used in standard swallowing protocols,
but also within preventive rehabilitation protocols. Most frequently used exercises
include a range of motion or resistance exercises (with or without medical devices
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such as the TheraBite® device), compensatory techniques (postural changes, diet/
bolus modifications), behavioral swallow exercises such as the (super-)supraglottic
swallow [23, 24], the effortful swallow [25], the Mendelsohn maneuver [26], and
the Masako (tongue-holding) maneuver [27], and non-swallow exercises such as the
Shaker (head-raising) exercise [28]. Also, devices, such as the Swallow Exercise Aid
(SEA) have been developed to be able to perform multiple exercises more effi-
ciently. The SEA device allows adaptation to individual subjects’ capacity, and thus
the application of progressive overload during the training program, and has shown
to activate important swallowing structures [29–31]. Nevertheless, in some cases
severe, therapy-refractory dysphagia may still exist.

3.3 Surgical procedures

Surgical treatment of functional impairment may be considered when rehabilita-
tive measures, such as those described above, are insufficient to help ensure safe and
efficient oral intake. The primary goals of surgery are to reduce the risk of aspiration,
improve bolus transfer, and prevent malnutrition and/or dehydration. What the best
surgical technique will depend on the etiology of the dysphagia. If there is less relaxa-
tion of the upper esophageal sphincter this can result in a less efficient movement of
the bolus into the esophagus. This impaired relaxation can sometimes be remedied by
reducing the tonus of the musculature of the pharynx. Cricopharyngeal myotomy,
either endoscopically using a CO2 laser or by an open surgical procedure, can be
helpful [32, 33]. Myotomy of the cricopharyngeal muscle results in lower resistance of
the upper esophageal sphincter. Due to this lower resistance, the bolus can be more
easily be transported through the upper esophageal sphincter and enter the esophagus.

Other surgical techniques that can widen the cricopharyngeal muscle are dilata-
tion (in case of fibrosis) or botulinum toxin (botox) injection in case of spasm.
Several studies have reported promising results in patients with upper esophageal
sphincter dysfunction caused by muscle spasm or hypertonicity [34, 35].

If dysphagia is caused by a serious limitation in laryngeal elevation, an invasive
surgical technique called hyolaryngeal suspension can be performed. In this proce-
dure, the hyoid bone is suspended and the thyroid-cricoid complex is fixated to the
anterior mandible. This results in a permanent more cranial position of the larynx
[36]. This procedure can be very effective in the restore a full oral intake without
aspiration. However, it is also reported that previous treatment with (chemo)
radiotherapy will negatively influence the outcome [37].

Finally, in some cases, none of the abovementioned treatment options are suit-
able or effective. If the larynx has severe functional impairments and there is no
reasonable likelihood of functional recovery as a ‘last refuge’, a functional total
laryngectomy can be considered. In the case of a total laryngectomy, the airway is
surgically separated from the digestive tract by sacrificing the larynx.

Surgery procedures as described above, however, can have serious complication
risks. Myotomy (especially open) can cause infections and even pharyngocutaneous
fistulas or (retropharyngeal) infection [34, 37]. Besides, studies have shown that the
improvement rate is much higher for neurologic dysphagia and idiopathic dysfunc-
tion than in patients with swallowing problems due to HNC treatment [32].

4. New treatment option: lipofilling

Since 2013, the Netherlands Cancer Institute has been using lipofilling as an
alternative treatment option. Lipofilling has the advantage of being less radical, less
invasive and presenting less of a burden for the patients [38].
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Lipofilling is a technique in which autologous fat is transplanted to a site that
lacks volume. In 1893, fat was transplanted for the first time with variable success
[39]. Since the 1980s with the advent of modern liposuction, the technique of
lipofilling has become a standard modality for esthetic as well as reconstructive
purposes; however, it is rarely used in HNC patients.

4.1 Physiology of fat grafting

Of all tissues in the human body, fat possesses the highest percentage of adipose-
derived stem cells with more than 5.000 of these per gram of fat. Adipose-derived
stem cells are present in the mesenchyme, and are a type of multipotent stem cells.
This means that these stem cells can differentiate into multiple cell types including
osteoblasts, endothelial cells, myocytes, neuronal type cells, adipocytes and
chondrocytes [40, 41].

A microscopic view shows that fat consists of a complex matrix of adipocytes
mixed with collagen, endothelial cells, adipose-derived stem cells, and fibroblasts.
All these adipocytes play an important role in the physiological processes, such as
angiogenesis, metabolism, lipid storage and endocrine functions [40]. There is
evidence that stem cells may even contribute to the reduction in fibrosis, and the
restoration of tissue vascularization and organ function [42, 43].

4.2 Evaluation tools to check patient eligibility

Lipofilling might be a suitable treatment option for specific patients with
chronic dysphagia after HNC treatment. Patients might benefit from lipofilling
when part of the etiology of the dysphagia consists of lack of volume, for instance,
of the tongue or pharyngeal wall. There are different examination tools to analyze
the severity and etiology of dysphagia. Before considering if lipofilling is suitable for
a patient, it is recommended to perform objective assessments such as Fiberoptic
Endoscopic Evaluation of Swallowing (FEES) or a Video Fluoroscopic Swallow
Study (VFSS) and a Magnetic Resonance Imaging (MRI) assessment.

FEES, in which a flexible endoscope is inserted via the nose and the patient is
asked to swallow different consistencies, visualizes directly the anatomy and func-
tion of the pharyngeal swallowing phase. Also, the sensory and motor components
of swallowing can be assessed [44]. On the other hand, VFSS (also known as
Modified Barium Swallow) provides information about the oral and oropharyngeal
phases of the swallow, including dynamics of the swallowing process. With VFSS, it
is possible to analyze the contact between the tongue base and posterior pharyngeal
wall and it is more suitable for diagnosing aspiration during swallowing. VFSS is
also more informative for detecting problems below the upper esophageal sphincter
[45]. Preferably a VFSS is performed, to select eligible patients, but the choice of
examination also depends upon clinical presentation, available instruments and
clinician’s preferences.

To visualize the potential injection sites in the oral cavity and pharynx the most
crucial examination of the pre-lipofilling work-up is the Magnetic Resonance Imag-
ing (MRI) [38]. Besides, with the MRI it is possible to evaluate the volume of the
tongue and pharyngeal wall. In Figure 2, an MRI assessment pre- and
post-lipofilling treatment is presented.

In addition to the objective assessments, it might also be helpful to explore
patient-reported experiences. The MD Anderson Dysphagia Inventory (MDADI)
[46] and the Swallowing Quality of Life questionnaire (SWAL-QOL) [47] are
often used in HNC patients to analyze patients’ reported swallowing-related quality
of life.
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4.3 Lipofilling procedure

Different techniques exist for lipofilling injection [41]. There are many prepara-
tion techniques for adipose tissue. There is no universally accepted standard method.
The Coleman technique, which was described in the early 1990s, is the most fre-
quently used method. This technique aims to prevent damage to the fragile adipose
cells as much as possible during transplantation and thus promote tissue survival
[48]. The technique involves three steps and is described by Hsu et al. [41]. The first
step consists of the harvest of fatty tissue from the upper abdominal wall or inner
thigh using large- or small-volume liposuction (see Figure 3a). The upper abdominal
wall or lateral thigh is very useful as donor sites because of the high amount of local
fat cells. The donor site can be infiltrated with tumescence fluid (for instance,
ringers lactate, adrenaline and lidocaine) just before the liposuction, but this can also
be done after the suction. After liposuction, the second step involves the preparation
of the adipose tissue. During the preparation phase, the fat sample is transferred in a
10 cc syringe for centrifugation (see Figure 3b). The syringe is centrifuged for 2–
3 minutes at 3000 rounds per minute (800 g) to separate out oils, debris, water
(including lidocaine or adrenaline, saline and blood) and a layer of cell pellets/
residue from the cellular fraction. In the syringe, three layers will be visible: the oil
layer at the top, cellular fraction in the middle, and cellular debris and red blood cells
at the bottom (see Figure 3c). The segregated cellular fraction, composed of adipo-
cytes and stromal vascular cells, is transferred to a small 1 cc syringe. The third and
last step consists of the injection into the predetermined spots in the base of the
tongue. Using a needle, the side of the tongue is perforated, and the injection cannula
is introduced. The dominant hand is used, or the injection is performed on cannula
retraction in a three-dimensional “fan pattern.” The aim is to transfer small aliquots
of fat with multiple passes at different depths. The non-dominant fingers can be
placed behind the tongue to control the process. It is helpful if the assistant pulls on
the tongue (see Figure 3d). The same procedure is usually performed separately on
both sides of the tongue. In general, we inject 10–15 cc of fat per session.

The lipofilling procedure can be carried out under local anesthesia or general
anesthesia. Because 30–50% of the injected fat might be resorbed, and not too much
fat can be injected at the same time, it is recommended to repeat the assessments,

Figure 2.
MRI assessment pre- and post-lipofilling treatment. On the left side, the loss of tissue in the base of tongue is
visible. On the right side, the base of tongue is larger and is filled up with fat.
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approximately 2–3 times. Preferably, between every injection procedure there is a
period of 3 months to wait for the (positive) effect of the injection.

5. Short-term outcomes

In the last few years, different studies, primarily case reports, have been
published about the use of lipofilling in patients with chronic dysphagia due to HNC
(treatment) [38, 49, 50]. Navach et al. [49] reported about a 58-year-old patient with
impaired swallowing after treatment for a nasopharyngeal carcinoma. This patient
complained about dysphagia, the loss of body weight, aspiration pneumonia, and
frequent episodes of bronchitis. A VFSS was conducted where a lack of bolus com-
pression, asymmetry of the lingual movements, stagnation in the valleculae, lack of
projection of the base of tongue, and more were visualized. The patient received
7 months of speech and language therapy to improve mobilization and strengthening
of the swallowing muscles. The treatment improved the preparation and presentation
of the bolus, although it was not sufficient enough. After 6 weeks, another VFSS
showed a worsened bolus stagnation in the valleculae and at the base of tongue. This
patient received a lipofilling injection in the base of tongue, which was performed
following Coleman’s procedure. In total, 5 cc of fat was injected into both sides of the
base of tongue. After surgery, the patient experienced an improvement in
swallowing, and minimal post-operative swelling was reported. A new VFSS was

Figure 3.
The procedure of a lipofilling injection. (a) Fat harvest from the abdomen, (b) fat substance, (c) syringe with
fat after centrifugation, (d) injecting fat into the base of tongue.
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made 1 month after surgery, showing an improved swallowing mechanism due to
greater elevation of the base of tongue, the effective elevation of the larynx, and an
improved closure of the larynx. After 3 months, the swallowing function was still
stable, and the patient gained body weight.

In our institute, a study was performed by Kraaijenga et al., to investigate the
feasibility and potential value of lipofilling in HNC patients with post-treatment
oropharyngeal dysfunction [38]. This case series included seven patients. One
patient dropped out of the study because of progression and therefore, he chooses a
total laryngectomy procedure. Pre-assessment of the six remaining patients
included VFSS, MRI, and the SWAL-QOL measurements. VFSS showed penetration
and/or aspiration in all but one patient. Reduced or absent contact between the base
of the tongue and pharyngeal wall was seen in all six patients. This reduced or
absent contact resulted in residue above and below the hyoid bone. MRI showed
volume loss or atrophy of the tongue in five patients. Two patients had reduced
tissue of the tonsillar in the right tonsillar arch. The lipofilling session was
performed using the Coleman technique. Patients received two to three injection
sessions at 3-month intervals. In total, 20–35 cc adipose tissue was transplanted in
all patients. No complications, such as necrosis, infection, swelling, or edema, were
observed. The follow-up took place 1–3 months post-surgery. VFSS showed that
four patients had improved swallowing function, and two of them were no longer
feeding tube dependent. The MRI showed increased tongue volume with the
injected fat spread out at the base of tongue. The SWAL-QOL showed improved
quality of life in almost all patients.

Recently, Ottaviani et al. [50] published a case report about a 76-year-old patient
with severe chronic dysphagia who had undergone a horizontal supraglottic laryn-
gectomy and adjuvant radiotherapy. FEES showed a mobile right arytenoid and
tissue loss in the base of tongue. VFSS demonstrated constant intra-swallowing
aspiration and moderate pooling of food at the base of tongue with post-swallowing
penetration and aspiration. The patient received 6 months of speech therapy focused
on muscle strengthening and postural compensation techniques. The intervention
turned out insufficient, and therefore, lipofilling injection was offered as a treatment
option. The surgery was performed following the Coleman technique, and 5 cc was
injected into the base of tongue. Intraoperatively, FEES was performed and demon-
strated an improved swallowing function. However, trace aspiration for liquid tex-
tures and minimal residue was seen. After 1 week, FEES demonstrated only
aspiration for liquids. After 1 month, the VFSS showed mild to moderate dysphagia.
These results were also stable at 6 months post-surgery.

These three studies showed that lipofilling might be an effective treatment for
HNC patients with chronic dysphagia. No complications were reported, and there-
fore, lipofilling seems safe [38, 49, 50]. Many patients showed improved objective
and subjective swallowing function after lipofilling. Nevertheless, it remains diffi-
cult to predict how much fat will be resorbed and thus how long a therapeutic effect
will persist. With the Coleman technique, absorption of fat seems to be reduced to
some extent [32, 33]. In general, after 20–30 cc injections (in 2–3 procedures),
positive effects are seen. However, sometimes repeated injections might be needed
to achieve and hold a therapeutic effect. Hopefully, the injected tissue may also
become less fibrotic, and no further injections are needed. Until now, there is no
large data available yet, supporting this hypothesis.

6. Case reports

To give a better insight into lipofilling and how it can be used in post-treatment
swallowing problems in HNC patients, three cases will be described in detail (see
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Table 1). Patients’ pre lipofilling objective and subjective swallowing function are
analyzed and compared with the swallowing function after the last lipofilling
(short-term results) and between 2.5 years and 5.8 years after the last lipofilling
treatment (long-term results).

6.1 Case 1

A 67-year-old male, had been treated in 1997 for a T3N2c carcinoma of the floor
of the mouth. His treatment consisted of local resection, partial mandibulectomy
with free fibula reconstruction, and post-operative radiotherapy which resulted in
complete remission. In 2013, 16 years after treatment, he visited the outpatient
clinic with increasing swallowing difficulties, with particularly solid foods getting
stuck in his throat, requiring placement of a PRG feeding tube to maintain adequate
nutritional intake.

6.1.1 VFSS

VFSS assessments showed severe dysphagia with the occurrence of penetration
and a high amount of oropharyngeal contrast residue due to insufficient contact
between the base of tongue and posterior pharyngeal wall.

6.1.2 MRI

An MRI was made to rule out a new tumor. Since standard swallowing exercises
for more than 1 year did not improve the persisting swallowing problems, and other
surgical options were unlikely to improve the swallowing function. In Figure 3, the
pre-lipofilling MRI scan can be found on the right.

6.1.3 Number of injections

This patient underwent three lipofilling sessions (3 times 8–12 cc) into the base
of the tongue at 3-months intervals. After the second procedure, the patient noticed
an improvement in swallowing function. He resumed oral intake following the third
injection and his feeding tube could be removed.

6.1.4 Short-term results

A VFSS assessment showed improved scores for thick liquids (lower penetration
and aspiration (PAS), see Table 2). This patient also reported notable improvement
in subjective swallowing function, with substantially less effort and less choking. In
Figure 3, the short-term post-lipofilling MRI scan is shown in the middle.

Case Sex Age Tumor Treatment Lipofilling injections

Site TNM Site No. Amount (cc)

1 M 66 Oral cavity T3N2c Surgery + RT (1997) Base of tongue 3 32.0

2 F 59 Base of tongue T3N2c CRT (2004) Base of tongue 3 34.5

3 M 73 Hypo-pharynx T2N1 CRT (1984) Base of tongue 1 20.0

Abbreviations: M = male, F = female; TNM = classification of Malignant Tumors; RT = radiotherapy; CRT = chemo
radiotherapy; No. = number of injections.

Table 1.
Characteristics of the three selected case reports.
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6.1.5 Long-term results

However, 2.5 years later the SWAL-QOL subscale scores deteriorated (see
Table 3). Until 2020, this patient was able to maintain oral intake without a PRG.
Swallowing was not easy, but he managed to have a full oral intake with additional
diet modifications. He died in 2020 due to urosepsis. In Figure 4, the long-term
post-lipofilling MRI scan is shown on the right.

6.2 Case 2

A 59-year-old female, was diagnosed with a T3N2c base of tongue tumor in 2004.
Organ-preservation treatment with concurrent chemo radiotherapy resulted in a
complete remission. In the post-treatment period, however, the patient developed
severe dysphagia and dysarthria due to oropharyngeal scarring and base of tongue
atrophy. Despite intensive swallowing rehabilitation with strengthening exercises,
several esophageal dilatations, and a customized intraoral prosthesis lowering the

Case Amount (cc) FOIS VFSS (PAS) TL

Thin Thick Solid

1 32.0 Pre 3 4 4 3 No

Post short* 6 4 2 3

Post long** 5 8 1 1

2 34.5 Pre 1 NA NA NA No

Post short* 6 7 6 NA

Post long** 6 8 8 8

3 20.0 Pre 1 7 5 NA Yes

Post 1 X X X

Abbreviations: FOIS = functional oral intake scale: range 1–7, whereas 1 is ‘no oral intake’ and 7 means ‘normal oral
intake’; VFSS = video fluoroscopic swallowing study; PAS = penetration aspiration scale: range 1–8, lower scores mean
better/safer swallowing function; TL = total laryngectomy; X = missing data; NA = not applicable (i.e., no transport
possible); Post short* = 1–3 months after lipofilling treatment; Post long** = up to 4 years after lipofilling treatment.

Table 2.
Pre- and post-treatment outcomes after the lipofilling session.

Figure 4.
MRI assessment of case 1 over time. On the left, pre-lipofilling injection. In the middle, short-term MRI (1-
month post-treatment). On the right, long-term MRI (4 years post-treatment).
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hard palate to also improve speech, the patient remained completely feeding tube
dependent due to persistent oropharyngeal dysfunction/stagnation of food.

6.2.1 VFSS

VFSS evaluation demonstrated minimal contact between the base of tongue and
the pharyngeal wall during swallowing, with large amounts of a residue located at
the piriform sinus, and occurrence of aspiration, even at a 1 cc swallow adminis-
tered with a pipet to improve bolus transport.

6.2.2 MRI

MRI showed an atrophic tongue, sagged posteriorly (see Figure 5). Since inten-
sive swallowing exercises offered no solution, in 2014 the patient opted for
lipofilling into the base of tongue.

6.2.3 Number of injections

Three lipofilling sessions were needed at 3-months intervals with 10–12 cc filled
per session.

6.2.4 Short-term results

The post-operative MRI showed several fat depositions at the right base of the
tongue (see Figure 5), and the patient was able to eat and drink again for the first
time in 10 years. However, although the patient was very satisfied with being able
to swallow again, the VFSS evaluation still showed aspiration. Four months later the
patient presented with aspiration pneumonia, and a nasogastric feeding tube was
indicated. However, although being aware of the possible risks, she chose to resume
her per oral intake. At 8 months post-lipofilling (short-term results), she remained
happy with the procedure resulting in good SWAL-QOL scores.

6.2.5 Long-term results

However, after 4 years of the last lipofilling this patient experienced more
swallowing problems. Her subjective swallowing outcomes deteriorated (see
Appendix, Table 3 for her long-term SWAL-QOL scores) and she decided to have
another lipofilling session. Nevertheless, even with that extra lipofilling (17 cc at the
left and 17 cc at the right base of tongue) the SWAL-QOL scores increased meaning
worse swallowing-related quality of life (see Table 3 in the Appendix). In addition,
the repeated VFSS showed worsening swallowing function (severe dysphagia).
Since she was familiar with developing aspiration pneumonias, and weight loss, we
decided to place a PRG and stop any oral intake. In Figure 5, the long-term MRI
scan can be found on the right.

6.3 Case 3

A 73-year-old male, who had been diagnosed with a T2N1 hypopharynx carci-
noma in 1984. He was treated with radiotherapy, which resulted in complete
remission. This patient also had a history of esophageal carcinoma in 1964 for which
he needed several dilatations in 1990/1991. Since 2009, he suffered from severe
swallowing problems (several aspiration pneumonias) caused by a dysfunctional
larynx and he needed a PRG.
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6.3.1 VFSS

A VFSS showed a severe swallowing problem. All food consistencies were
(silently) aspirated, the epiglottis was rigid, and the laryngeal elevation was limited.
This patient started with intensive swallowing rehabilitation since he had had no
swallowing exercises before. However, the rehabilitation did not improve the
swallowing function enough to increase oral intake or to remove the PRG. In 2017,
the patient opted for a lipofilling injection in the base of tongue.

6.3.2 Number of injections

In total 20 cc was injected, 10 cc on the left and 10 cc on the right.

6.3.3 Short-term results

After this first injection, the patient was still not able to swallow anything. He
continued to develop pneumonias for which he used antibiotics daily. Because of
the serious health risks related to the recurrent pneumonias, and his low swallowing
related quality of life as measured by the SWAL-QOL (see Table 3), this patient
decided to undergo a functional total laryngectomy in 2018.

7. Clinical implications

In our institute, the Netherlands Cancer Institute, lipofilling is considered as a
safe procedure. Therefore, this procedure is embedded as standard care for specific
swallowing therapy to refractory patients. When a patient visits the hospital with
swallowing complaints, the first step is to start swallowing rehabilitation under the
guidance of a specialized speech and language pathologist. If the swallowing exer-
cises do not give a satisfactory result, lipofilling can be considered. Patients are
eligible if they have severe dysphagia caused by volume loss or muscle atrophy of
the tongue or pharyngeal musculature due to HNC treatment. Patients may be
eligible if they have no history of major oral surgery.

In the past 5 years, 20 patients have been treated with lipofilling injections at our
institute. The procedure is preferably performed in collaboration with the plastic
surgeon and under complete anesthesia. We prefer general anesthesia because, in

Figure 5.
MRI assessment of case 2 over time. On the left, pre-lipofilling injection. In the middle, short-term (after
3 months) MRI. On the right, long-term MRI (after 4 years).
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our experience, especially injecting the fat into the tongue felt uncomfortable.
General anesthesia makes the injection less stressful for the patient. In general, we
inject 10–15 cc of fat, and on average, two to three sessions are needed. No severe
complications have been developed since we started performing this procedure.

8. Conclusions

This chapter describes the possible role of lipofilling in patients with chronic
dysphagia after HNC treatment. Lipofilling is a technique for transplanting fat cells
within one individual. This procedure has the potential to increase tissue volume and
increase oropharyngeal function. Based on published results, the lipofilling technique
seems to be safe and—in selected cases—of potential value for improving swallowing
function in therapy-refractory HNC patients. For this reason, lipofilling should be
considered as a treatment option for chronic dysphagia after HNC treatment.
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Appendix

SWAL-QOL

Case 1 Case 2 Case 3

Pre Short Long Pre Short Long Pre Short Long

General burden 88.0 25.0 100.0 13.0 0.0 25.0 50.0 75.0 X

Food selection 75.0 38.0 75.0 13.0 0.0 0.0 50.0 50.0 X

Eating duration 88.0 88.0 100.0 50.0 0.0 25.0 50.0 50.0 X

Eating desire 50.0 25.0 100.0 42.0 17.0 17.0 50.0 50.0 X

Fear of eating 56.0 63.0 56.0 38.0 0.0 44.0 56.0 63.0 X

Sleep 25.0 25.0 13.0 0.0 0.0 0.0 0.0 0.0 X

Fatigue 58.0 67.0 67.0 83.0 42.0 X 8.0 17.0 X

Communication 100.0 50.0 100.0 25.0 0.0 25.0 75.0 75.0 X

Mental health 45.0 35.0 30.0 40.0 0.0 X 50.0 50.0 X

Social function 55.0 55.0 75.0 30.0 20.0 X 35.0 60.0 X

Symptom scale 61.0 48.0 57.0 52.0 11.0 X 39.0 46.0 X

Abbreviations: SWAL-QOL = swallowing quality of life questionnaire: range 0–100; lower scores mean better
subjective swallowing function. A difference score of 12 points or more was used to demonstrate improvement (+),
deterioration (�), or equality (=). X = missing data.

Table 3.
SWAL-QOL scores pre and post (last) lipofilling of the three selected case reports.
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Chapter 8

Introducing IQoro: A Clinically
Effective Oral Neuromuscular
Treatment for Dysphagia
Mary Hägg and Natalie R. Morris

Abstract

There is a clear need for new advances in treating dysphagia; healthcare
professionals currently have a restricted range of options to treat swallowing
problems and related conditions. Usual treatments for dysphagia are based on
compensatory measures which allow patients to live within the limitations of their
condition. These measures do not address the underlying cause of dysphagia: neu-
rological and physiological dysfunction. A senior speech and language therapist
working with young people with Cerebral Palsy bemoans the fact that official care
pathway guidelines list only medication and surgical intervention as alternatives to
treat drooling. Neither of which, she contends, is effective or desirable. Esophageal
dysphagia causes reflux-based diseases, which are also poorly served by current
treatment alternatives and are currently managed by medication, or remedied by
surgical intervention. Medication reduces the symptoms of reflux but does nothing
to address the underlying pathophysiology, muscular dysfunction, at the root of the
problem. That now changes with IQoro: a simple, innovative treatment that is
available to patients and healthcare professionals to address all of the above condi-
tions. The chapter explains the physiological and neurological process of the func-
tional swallow in detail, with illustrations and explanations. The efficacy of IQoro
treatment is proven with evidence from internationally published scientific studies,
case studies, an NHS service evaluation, and NICE briefings.

Keywords: oropharyngeal dysphagia, esophageal dysphagia, reflux, hiatal hernia,
neuromuscular training, cerebral palsy, service evaluation in NHS, NICE briefing

1. Introduction

Dysphagia is a widely prevalent phenomenon that brings the risk of other con-
ditions like malnutrition, pneumonia, and even the necessity for non-oral feeding
solutions [1–3]. It always leads to reduced quality of life, and can even be fatal [4].

1.1 Few real solutions

The ways that patients with dysphagia are cared for fall into two broad catego-
ries, of which the first is by far the most common. Patients are often provided with
compensatory care, [5, 6] which allows them to live with the disabilities that
dysphagia brings. These therapies may include modified often puréed solid foods

123



that are easier to swallow, and thickened drinks that can be swallowed more safely
with less risk of aspiration. Instruction on posture, eating habits, oral hygiene and
more, are also common.

The second category of care is rehabilitation treatment [7–11] to address the
causes of the dysphagia. In general they focus on increasing muscle strength in the
affected organs.

1.2 A new, innovative solution

This chapter introduces a simple neuromuscular treatment using an oral
therapy - IQoro (Figure 1) - that can usually be self-administered by the patient.
The treatment has clinical evidence and scientific proof of striking success in
treating people of all ages with all forms of dysphagia: oral-, pharyngeal- and
esophageal [12–14]. When used with stroke survivors, the research shows equally
good outcomes regardless of whether treatment started immediately, or long after
the onset of stroke [10]. In scientific studies, the observed improved outcomes were
still present at long-term follow-ups performed up to 18 months after the end of
treatment [11, 12, 15–17].

2. Two innovative clinicians

2.1 Mary’s journey

Associate professor Mary Hägg started her professional life as a hospital dentist
where she became fascinated with the swallowing problems that some of her
patients presented with. In Sweden, the remit of the dentist is wider than in some
other countries and can encompass more orofacial issues than just teeth and gums.
The more she worked with patients with swallowing difficulties some after stroke
the more fascinated she became. She worked with exercises to strengthen the
delinquent muscles and became more and more renowned for her focus on
dysphagia.

In 1990, Mary founded a specialist multi-disciplinary unit within the ENT depart-
ment of a Swedish teaching hospital and has managed it since its inception. The
purpose of this speech and the swallowing unit is to encourage and ensure coopera-
tion across a range of clinical specialties to deliver improved patient outcomes.

In 1997 she was awarded a stipend to visit and study the subject more deeply
with Dr. Castillo Morales, Cordoba, Argentina, and in 2001 with Professor Bronwyn
Jones, Dept. of Radiology, The Johns Hopkins Hospital, medical center in Baltimore,
Maryland, USA.

Figure 1.
The IQoro neuromuscular training device.
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As she treated more and more patients that were referred to her, she came to two
conclusions: firstly, those swallowing difficulties manifest themselves as a muscular
deficiency, but usually have a neurological dysfunction at the root; and secondly,
that there were few effective treatment options. In many cases, patients received
only compensatory care which allowed them to function with their disability, but
with no active plan to address the underlying problem.

To address the first issue Mary decided that she must study to be a doctor in
order to understand the neurology that lies behind dysphagia. It is clear that the day
before a patient has a stroke that his or her swallowing can be fine and that it is the
neurological event that causes the immediate onset of dysphagia. Mary’s Ph.D.
thesis “Sensory-motor brain plasticity in stroke patients with dysphagia. A meth-
odological study on investigation and treatment” 2007, used massage to restore
muscular strength by stimulating brain activity. Mary invented and had
manufactured a validated scientific instrument to measure the strength of certain
components in the swallowing chain by measuring resistance in the pharyngeal
sling or buccinator mechanism [18, 19]. She also developed and validated orofacial
motor test methodologies [20].

The second problem, the lack of suitable treatments [21, 22] that could be easily
and widely used even by the patients themselves was a harder task. Her journey
took her through working with all types of dysphagia in people from premature
babies through children, adults, and to end-of-life. The journey resulted in her
inventing, developing, and patenting the revolutionary IQoro device that is now,
July 2021, used by over 50,000 people in many countries.

2.2 Natalie’s vision

Decades later Natalie Morris came across the IQoro device, and it set her won-
dering if it would help her patients too. Natalie is a Speech and Language Therapist
working in the UK and is the founder and CEO of The Feeding Trust a not-for-
profit multi-disciplinary feeding clinic in the Midlands. During her 20-year career
as an SLT, Natalie has become specialist in the assessment and treatment of com-
munication and swallowing difficulties in children and young people (CYP) with
neuro-developmental disabilities and acquired brain injuries. She is the founder of
Integrated Therapy Solutions Ltd. where she and her team help CYP with
swallowing difficulties.

She looked at the scientific evidence supporting IQoro and was disappointed to
find that there was none that was directly relevant to one of her main patient
groups: CYP clients with Cerebral Palsy (CP). This was significant because NICE
guidelines for the management of saliva control in CP [23] offer few options:

1.Assess contributory factors before starting drug therapy

2.Medication

3.Botulinum toxin injections

4.Surgery

In other words, the only treatment options after considering compensatory
strategies such as positioning, are drug therapy or surgery. But the Cochrane review
of interventions for drooling in children with CP according to Walshe M, Smith M,
Pennington L 2012 [24] concludes: “There is no clear consensus on which interventions
are safe and effective in managing drooling in children with CP.” Her own clinical
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observations and experiences over the years have been that difficulties with saliva
control are a persistent problem with no real effective treatment.

Natalie reasoned that if IQoro could help patients with neurological problems
such as after a stroke, then it might help her patients with CP too. And if there was
no evidence to prove that it worked, then she would have to investigate it herself.

This chapter will show the success of these two clinicians’ work.

3. The physiology of the swallow

This is a brief description of the four different physiological phases of the
swallowing process, the following section will look at the neurology of the swallow
in detail [5, 25].

During a day, a normal person swallows approximately 600 times: 350 of these
are during the day, 200 when eating or drinking, and 50 times when asleep. We use
our voluntary muscles to transfer food to our mouths and chew it, after this our
reflexive systems take over to complete the swallow unconsciously. When we
swallow whilst asleep it is, of course, an entirely reflexive process.

3.1 The phases of the swallow

3.1.1 Pre-oral phase

Simply described, the swallowing process starts when we transfer food from the
plate to the mouth (Figure 2). This phase is negatively affected when postural
control or arm and hand motility are reduced, possibly after stroke [17].

3.1.2 Oral phase

The oral phase (Figure 2) starts when we close our lips, chew, reduce the food to
manageable pieces and mix it with saliva. As the food is formed into a bolus the
tongue’s backward and upwards movements propel it towards the pharynx, at the
same time the floor of the mouth rises. And then immediately before the swallowing
reflex is triggered we press our lips together creating a low pressure in the mouth.
This activity normally takes up to 10 seconds [5]. The decrease in pressure in the
mouth eases the transport of the food mixture from the mouth to the pharynx.

The phases employ a mixture of voluntary and involuntary commands.

Figure 2.
The four phases of the swallowing process.
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3.1.3 Pharyngeal phase

Once the bolus has passed the anterior palatal arch towards the pharynx, the
swallow reflex takes over. This is controlled by the brain stem no longer consciously
controlled as the pre-oral and oral phases were. The interplay between the volun-
tary and involuntary processes is described in the following section on the neurol-
ogy of the swallow.

A normal swallow requires a balance between the infrahyoid and suprahyoid
muscles to stimulate the swallowing reflex [20, 26].

In a later section “The neurology of the swallow” we will see that these muscles
are triggered by the following nerves - Infrahyoidal muscles: CN XII hypoglossus.

– Suprahyoidal muscles: CN VII facialis, CN V trigeminus, CN XII hypoglossus.
Middle illustration: A Functional swallow is prepared when the hyoid bone is

pulled backward and upwards (red arrow) by the styloid muscles (CN VII) and the
posterior part of the digastric muscles (CN VII), at the same moment as the tongue
base retracts.

The swallow reflex is then triggered when the hyoid bone is pulled forwards and
upwards (blue arrow) by the digastricus anterior abdomen (CN V), m. mylohyoideus
(CN V), and m. geniohyoideus (CN XII). At the same moment, a breathing suspen-
sion is caused as the epiglottis closes the laryngeal air pathway, and tongue forward
movement is initiated. The chewing muscles are active throughout the swallow.

Left illustration: A dysfunctional swallow. If the chewing muscles are weak,
the patient cannot lift his lower jaw and close his lips fully, which hinders
swallowing. At the same time, the lower muscle groups of the tongue pull the hyoid
bone downwards, which further degrades swallowing ability. The same thing
happens when grinding the teeth.

Right illustration: A dysfunctional swallow. When the head falls backward,
because of impaired head control, the mouth opens spontaneously and the
equilibrium of the hyoid bone is completely upset, resulting in swallowing
difficulties.

The pharyngeal phase (Figures 2–4) is a critical part of the swallow controlled
purely reflexively and takes between 0.5 and 1 second. It requires a precise interplay
between breathing and swallowing functions [5, 13]. When the bolus is to be
swallowed, the tongue moves it back towards the anterior palatal arch and the

Figure 3.
Functional and dysfunctional swallow.
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smooth palate which seals against the nasal passages. The larynx raises reflexively,
and the tongue starts its forward movement.

The first of four security levels to prevent aspiration of food or drink is now
activated. The constrictor muscles: Constrictor pharyngeus superior, Constrictor
pharyngeus middle, Constrictor pharyngeus inferior contract [27]. The last of these is
also known as the UES [28]. The second level is achieved when the epiglottis closes
over the trachea or air pathway. The third and fourth levels are executed as first the
false vocal cords close, and then the true vocal cords themselves.

There is perhaps more crossover in dysfunction in the different phases than is
often thought. Misdiagnosis is a risk when healthcare professionals concentrate too
much on their own specialities without considering a more holistic approach.

For example:

• Mis-directed swallowing, post-nasal drip, aspiration, hoarse or gurgly voice,
persistent non-productive cough, something stuck in the throat, and blockage
are all symptoms often thought of as being caused by a brain injury. Causes of
such brain damage can be a stroke, trauma, progressive neurological diseases,
or other. In fact, all the symptoms described could equally well be caused by a
Hiatal hernia [14].

• Patients exhibiting voice changes are often referred in firsthand to a speech
and language therapist. If the SLT is not aware that the cause of the problem
may be dysfunction in the esophageal phase - like a Hiatal hernia - then optimal
outcomes may not be achieved. This problem is aggravated by the fact that
SLTs in some countries are not routinely concerned with esophageal
dysfunction.

• Patients with symptoms of Hiatal hernia are often referred to a medical
consultant to rule out the possibility of stroke. When this has been done, then
the finger may be pointed at a brain tumor, ALS, or some other neurological
condition. Examination for these conditions is both alarming for the patient
whilst waiting for examination and results, and expensive. Around 20% of the
world’s population suffers from a reflux-based condition, and it is thus logical

Figure 4.
The pharyngeal phase - a critical phase requiring coordination of swallowing and breathing.
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in many cases to start treating for a Hiatal hernia as soon as stroke has been
ruled out.

3.1.4 Esophageal phase

The esophageal phase (Figure 2) concerns the movement of food and drink
from the esophagus down to the stomach. The esophagus’ longitudinal musculature
is activated, forming a stiff pipe and allowing the entrance to the Upper Esophageal
Sphincter (UES) to relax and open to allow the passage of the bolus into the
esophagus. At the same time, the Lower Esophageal Sphincter (LES) opens to allow
the entrance of the bolus to the stomach [5, 29]. This phase takes around 7 seconds
to complete.

As well as the outer longitudinal layer of muscles, the esophagus also has an
inner layer of circular muscles. To transport the food down to the stomach, these
circular muscles produce coordinated peristaltic wave motions - this explains why
we can swallow even if we were hanging upside down.

4. The neurology of the swallow

4.1 The phases of the swallow

The four phases of the swallowing process described above involve 148 muscles
and six cranial nerves. Of course, the muscular activities described are not separate
from the nerve and brain activity that control them, the entire neurophysiology [25]
of the swallowing process must work correctly. Understanding how is fundamental
to appreciating how a dysfunctional swallow can be treated.

Figure 5 illustrates four important areas of the brain [25].

Figure 5.
The brain.
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1.Brain stem: It controls non-voluntary “unconscious” automatic functions such
as breathing, blood pressure, heart rhythm, the reflex swallowing phases; and
also functions as a communication node between the cerebrum, the
cerebellum, the spinal cord, and the peripheral nervous system.

2.Cortex: It controls our voluntary “conscious” most advanced functions such as
language, thinking, fine-motor skills, and the voluntary swallowing phases.

3.Cerebellum: It co-ordinates our movements, our balance, and our ability to act
in response to our immediate surroundings.

4.Corpus callosum: It connects the two brain hemispheres’ cortex areas with
each other. It consists of some 200 to 800 million nerves that coordinate the
activities of the brain’s two hemispheres.

4.2 Brain functions in swallowing

The sensory nerves report perceptions of pressure, texture, taste, and tempera-
ture, and these are transmitted by these afferent nerves to the brain. The primary
source of these stimuli is from the nerves in the lips and then, in turn, the tongue,
soft palate, and pharynx (Figure 6) [5, 29]. The (CN V) Trigeminus is the thickest
and fastest of the efferent nerves, and thus the signals from the lips are the first to
reach the brain stem. It is therefore a mistake to concentrate on therapies for the
tongue, soft palate, and pharynx that omit the importance of the lips.

The five cranial motor nerves that are important for swallowing are CN V
Trigeminus, CN VII Facialis, CN IX Glossopharyngeus, CN X, Vagus, and CN XII
Hypoglossus. The first four are both sensory (afferent), and motor (efferent) nerve
pathways; which send information both to and from the brain - the sensory-motoric
reflex arc.

Figure 6.
The cranial nerves and reflex points of the oral cavity.
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In the brain stem (Figure 7) we find the Nucleus Tractus Solitarius (NTS): the
afferent nucleus. The NTS is the core that gathers all incoming sensory signals via
the afferent nerve pathways as described (Figure 7). The NTS then transmits the
signals onwards either to the brain’s cortex or directly to the network-like system in
the brainstem called the Formatio Reticularis (FR). These efferent motor signals are
transmitted to the musculature of the face, mouth, esophagus, diaphragm, down to
the stomach, the intestines, and the rectum. The process by which the incoming
sensory signals trigger afferent commands is known as the sensory-motoric reflex
arc (Figure 7) [5, 25, 26, 29].

The three swallowing centers’ interactions - from the brain stem to muscles.
In the FR, the afferent signals from the NTS and the cortex (Figure 7) are first

interpreted and then passed through various distribution nodes to the efferent
nuclei: the Nucleus Ambiguus (NA), and the Nucleus Dorsalis Nervi Vagi
(NDNV).

The NA (Figure 7) sends impulses to the skeletally striated musculature in the
oral and pharyngeal regions; and the NDNV (Figure 7) to the smooth musculature
of the esophagus and beyond. How these function during swallowing we will
explain in more detail below.

In the FR there are three distribution nodes (swallowing centers) that are key
to the swallowing process; as well as a number of other centers that control
breathing, speech, chewing, coughing, vomiting, evacuation of the bowels
and bladder, and those muscles that control the body’s posture (Figure 8).
[5, 25, 26, 29].

Figure 7.
The sensory-motor reflex arc (level 1).

Figure 8.
The Formatio Reticularis (FR) is the control centre for a variety of vital functions.
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The Formatio Reticularis is the control centre for several vital functions includ-
ing breathing, speech, chewing, coughing, vomiting, evacuation of the bowels and
bladder, and those muscles that control the body’s posture.

The incoming information is routed by the Nucleus Tractus Solitarius (NTS) in
two pathways: some directly to the first of the three swallowing centers in the
brain stem, whilst the remainder of the information continues upwards to the
cortex to be processed before being also directed to the first swallowing center
(Figure 7).

4.3 The swallowing centers

4.3.1 First swallowing center

If the combination of information received by the first swallowing center
(Figure 9) from the NTS and from the cortex is interpreted as that something is to
be swallowed, this instruction is sent to the second swallowing center.

4.3.2 Second swallowing center

The second swallowing center (Figure 9) transmits signals to the muscles via the
motor nerves – the downward-transmitting efferent nerve pathways. Here, there is
a pre-programmed “swallow / don’t swallow” stereotypical muscle response.

If the food is to be swallowed, a command is sent to the NA, which in its turn
sends the instruction via the efferent nerve pathways to the striated musculature in
the oral and pharyngeal regions of the swallowing chain. Concurrently, impulses are
also sent to the third swallowing center.

4.3.3 Third swallowing center

The third swallowing center (Figure 9) transmits information to the NDNV - an
efferent nucleus and then onwards to the esophagus’ smooth musculature to com-
plete the swallowing action and to transport the bolus downwards to the stomach.

The three swallowing centers’ interactions from the 2nd center to the striated
muscles, and the 3rd center to the smooth muscles is illustrated here.

Figure 9.
The sensory-motoric reflex arc (level 1–3).
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The 3rd swallowing center transmits information to the Nucleus Dorsalis Nervi
Vagi (NDNV), and then onwards to the smooth muscles including those in the
esophagus (Figures 9 and 10).

4.4 The motor neurons

The motor signals are transmitted via efferent nerves that can be thought of as
cables containing various fibers and motor neurons to the muscles and glands.
There are three different kinds of motor neurons that are important in the
swallowing process (Figure 10) [5, 25, 29].

• The General Somatic Efferent (GSE) motor neurons are present in the CN
Hypoglossus (XII) and CN Oculomotorius (III) which transmit signals
onwards to the tongue’s and the inner eyes’ voluntary skeletal striated
musculature.

• The Special Visceral Efferent (SVE) motor neurons act through the CN
Trigeminus (V), CN Facialis (VII), CN Glossopharyngeus (IX), CN Vagus (X)
and CN Accessorius (XI) which transmit signals to the voluntary musculature
in the mouth, chewing muscles, facial musculature, pharynx, larynx,
esophagus, and diaphragm.

• The General Visceral Efferent (GVE) motor neurons act via CN Facialis (VII)
and CN Glossopharyngeus (IX) which transmit signals to the glands, blood
vessels, and smooth muscles in the pharynx, stomach, and rectum.

The sum of all the above signals executes pre-programmed cooperation between
the 148 muscles that are involved in the transport of each food bite from the mouth
down to the stomach.

Figure 10.
Three types of motor neurons.
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The efferent nerves send signals via the three different motor neuron fiber types
to the muscles and glands.

4.5 Understanding the three neurological phases

4.5.1 Oral phase

As we have said earlier, the oral phase is consciously controlled (voluntary) and
is managed by the brain’s cortex region [5, 25]. But when the bolus has passed the
anterior palatal arch towards the pharynx, the swallow reflex takes over and this is
controlled by the brain stem – no longer consciously or voluntarily controlled.

4.5.2 Pharyngeal phase

The tongue’s movement backward and upwards transports the food towards
the pharynx. When the bolus reaches the anterior palatal arch and the smooth
palate, the reflexive phase of the swallow starts [5, 6] causing the larynx to rise,
As the tongue begins its return movement forward, the epiglottis seals the airway
and the food passes into the pharynx. The pharyngeal phase takes between 0.5 and
1 second.

In this phase, the coordination between breathing and swallowing is crucial to
avoid food ‘going down the wrong way’ [5, 25, 30, 31]. Breathing and swallowing
are guided by different centers in the brain stem, however, all the muscles that are
active in these two functions are controlled from the same concentrated grouping of
specialized nerves nucleus in the brain stem. This allows the swallowing center to
take control of breathing during a crucial phase in the act of swallowing. When the
1st and 2nd Swallowing Centers signal that swallowing is underway, the body
breathes in. During the subsequent exhalation, the food portion is driven to the
back of the tongue and the exhalation stops as the bolus crosses the airway. Breath-
ing ceases for 2 seconds about twice as long as it takes for the bolus to pass the
pharynx then breathing is resumed with a continued exhalation.

4.5.3 Esophageal phase

The esophagus’ longitudinal musculature forms a stiff pipe, the UES relaxes and
opens to allow the passage of the bolus into the esophagus. The sphincter to the
stomach – LES - opens to enable the entrance of the food.

The muscle function and the downwards transport of the bolus are controlled by
the Vagus CN X and a branch of the Glossopharyngeal CN IX. Together these nerve
pathways build a local network in the esophagus’ Plexus Pharyngeus [25].

Both types of muscle: voluntary skeletal striated muscles and involuntary
smooth muscles are present in the esophagus. The voluntary musculature is the
same type as we have, for example, in our arms and legs: so-called skeletal
striated muscles which are attached to the skeleton or tissue, and that are
voluntarily controlled. The smooth musculature cannot be controlled voluntarily
but is instead controlled by the autonomic nervous system: functioning uncon-
sciously and involuntarily. These muscles are stimulated via the GVE motor
neurons (Figure 10) in the brain stem which sends signals to the involuntary
musculature.

The esophagus’ upper third consists of skeletal striated muscles, the middle third
is a mixture of skeletal striated muscles and smooth musculature, and the bottom
third is solely smooth muscle.
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5. Dysphagia and reflux diseases are related

5.1 What are reflux-based diseases?

This chapter has so far focussed mostly on the swallowing process of conveying
food and drink to the stomach successfully, Hiatus hernia has been mentioned only
in passing. Here we explain more about this condition. IQoro treats all dysfunctions
in the process of swallowing food and drinks safely and successfully, and in
retaining it in the stomach without reflux [14, 32]. A distinction between these two
areas although often regarded as separate from a healthcare perspective is artificial.
The same neuro-physiological processes are common to both dysfunctional
swallowing and reflux.

5.1.1 Prevalence and symptoms

Reflux-based diseases are thought to affect around 20% of the world’s popula-
tion [33, 34]. Reflux is a condition in which stomach acids sometimes bubble up
from the stomach, through the esophagus, and into the throat, larynx, and pharynx.
The effect of these acids is to cause the symptoms of [35]:

• Heartburn

• Burning sensation in the chest

• Acidic reflux

• Swallowing difficulties

• Feeling of a lump in the throat

• Feeling of a blockage in the chest when eating

• Chest pains

• Pain under the breastbone (sternum)

• Stomach pains before eating

• Stomach pains after eating

• Reduced appetite

• Early “Full up’' feeling

• Feeling sick

• Constipated, gassy

• Vomiting

• Persistent dry or phlegmy cough

• Food or drink ‘goes down the wrong way’
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• Hoarseness

• Breathing difficulties

It should be noted that if some of the above symptoms are chronic, and espe-
cially if they do not respond to medication, they could be caused by cancer or other
diseases [36], and this should be considered before diagnosing reflux as the sole
cause.

Refluxing stomach acids is the underlying cause of several conditions: LPR,
GERD (or GORD), Silent Reflux, IED, Dyspepsia, etc. These conditions are some-
times known by their full names: Laryngopharyngeal Reflux, Gastroesophageal
Reflux Disease, and Intermittent Esophageal Dysphagia. These various conditions
exhibit some or all of the symptoms listed above, they vary slightly but are all
caused by the corrosive effect of the refluxed stomach acids.

5.1.2 Cause of reflux

These symptoms occur when stomach acids reflux into the esophagus. The
normal position of the stomach and the LES - the valve at the mouth of the stomach
- is below the diaphragm. The esophagus passes through the diaphragm muscle
through an aperture called the hiatus canal. In functional anatomy the muscle grips
tightly around the esophagus and holds the stomach down in its correct position.
The LES behaves like a trapdoor in this position, swinging downwards to let food
and drink into the stomach before closing again. The LES cannot open upwards to
allow reflux. An exception to this is if we need to belch or vomit; then the LES
intrudes through the diaphragm slightly into the chest cavity and can flap open
upwards and allow stomach gases, liquids or solids to reflux.

A Hiatal hernia is a weakening in the muscle that grips around the esophagus
where it passes through the diaphragm. When this occurs the mouth of the stomach
and the LES can intrude in an unwanted and uncontrolled fashion and allow reflux
to occur.

5.1.3 Existing treatments for reflux-based diseases

The treatment options for reflux-based diseases fall into two broad camps:
reducing the symptoms, or addressing the underlying cause.

In the former category, symptom reduction can be achieved by lifestyle changes
or medication. Changing poor living, smoking, drinking, eating and diet habits can
improve the impact of reflux, but lifestyle changes have an inconclusive effect [37].

Many Over the Counter (OTC) medications have a base pH and address the
problem of reflux by reducing the acidity of the stomach acids which are being
refluxed. Although the unpleasant sensations of reflux are reduced, the harmful
effects on the vulnerable esophagus and other organs continue. Long-term use of
OTC medication is generally regarded to be free from harmful side effects.

Prescribed PPI medications act by inhibiting the amount and strength of the
acids produced in the stomach. PPI medications have significant known side effects
and hence long-term PPI usage is generally discouraged and several countries insist
that clinicians perform a medication review before renewing PPI prescriptions. At
least once per year is recommended in the UK [38]. PPI medication is usually not
expensive in itself, but the costs of repeat Healthcare Professional (HCP) interven-
tions build to a considerable amount when prescribed for rest-of-life.

PPI drugs belong to one of the safest medication groups, but some research
suggests a list of unwanted side effects [39, 40] include increased risk of
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cardiovascular disease, osteoporosis, dementia, male infertility, diabetes, and
increased vulnerability to severe covid19 infection.

In addition, harmful bacteria in the stomach like Helicobacter pylori (HP) that
would not survive in normal circumstances, can thrive in the weakened acids after
PPI treatment. These germs can enter the body and live in the digestive tract. After
many years, they can cause sores, called ulcers, in the lining of the stomach or the
upper part of the small intestine. For some people, an infection can lead to stomach
cancer.

In the case of all medications, there is no expectation that the underlying cause
of the reflux – the weakened diaphragm musculature [34, 41]– will be addressed,
merely the severity of the reflux symptoms.

The muscular deficiency at the root of the problem can sometimes be remedied
by a surgical operation [42] that re-wraps muscles in the hiatal canal around the
esophagus, or a similar procedure. Clearly, addressing the underlying cause is pref-
erable in many ways to long-term medication and IQoro, as presented here, offers a
simple non-invasive alternative to a surgical operation.

5.1.4 Existing treatments for dysphagia

As discussed, patients with a dysfunctional swallow sometimes after stroke are
often treated with compensatory treatments [5, 6]. These care pathways allow
patients to live within the limitations of their conditions. Direct and successful
treatment of the dysfunctional swallowing chain is to be preferred and is presented
in this chapter.

5.1.5 Treating the muscles

If the cause of both dysphagia and reflux is known to be neuromuscular, why are
the most common treatments medication or surgical intervention? It is easy to grasp
the idea that rebuilding muscle strength will improve swallowing, and allow the
muscles in the Hiatal canal to regain their ability to grip around the esophagus.

If a patient presented with an arm that had atrophied because it had been in a
plaster cast for some weeks, we might expect a rehab program based on weights and
exercises. However, the atrophied-arm parallel has an important disconnect. As we
have explained earlier, there are key differences between the arm muscles and
many of the muscles that are needed to ensure an effective swallow and to prevent
LES intrusion through the diaphragm allowing reflux. The arm is made up of
skeletally striated muscles that can be commanded by the individual to flex, and can
therefore be consciously exercised; whereas most of the muscles in the swallowing
chain cannot, they are controlled and commanded through other nerve types and
command systems. The paradox then is how to exercise muscles that cannot be
commanded to flex.

6. IQoro

6.1 What is IQoro?

IQoro (Figure 1) is a simple hand-held plastic device that is inserted pre-
dentally (inside the lips and in front of the teeth) by a patient and pulled
forward against lip pressure to exercise the swallow. At the time of writing,
July 2021, it has been used by more than 50,000 individuals and is used by
healthcare professionals to treat patients in hospitals and other settings across
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several countries. It is a CE-marked Class 1 Medical device, internationally patented
and costing around USD 150.

6.2 How to train

The patient inserts the device pre-dentally and seals the lips against the handle,
then pulls forward firmly displacing the lips forward slightly. This position is held
for 10 seconds, followed by a short pause to relax, and then the action is repeated
twice more. This 30-second training session should be carried out three times per
day, preferably before mealtimes (Figures 11–13).

Figure 11.
(a, b): IQoro training action. (a) the IQoro is inserted pre-dentally, behind closed lips. (b) the patient presses
his lips firmly together whilst pulling straight forward strongly for 5–10 seconds, and does this 3 times with
3 seconds rest between each pull. These sessions are performed three times per day, preferably before mealtimes.
Video 1.

Figure 12.
Video 1. [43].
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Where a patient initially lacks lip strength or has diminished hand or arm
function – perhaps after stroke - an assistant can help with this procedure. The vast
majority of IQoro users self-treat without assistance.

6.3 How it works

IQoro causes all the muscles in the swallowing chain to be flexed and thus
retrained and strengthened.

Training with IQoro triggers the sensory-motor reflex arc.
The muscles in the chain from the lips through to the upper third of the esoph-

agus are mostly skeletally striated and are voluntarily activated [5, 29] when eating
normally. Smooth musculature is present in the lower part of the esophagus, and
down through the hiatus canal, LES, stomach, intestines, and rectum, and these
muscles can only be activated by signals from the autonomic system [5, 29]. It is
thus the case that striated musculature is activated by voluntary neurological and
physiological commands, but the smooth muscle can only be activated and
exercised via commands from the autonomic system.

Studies show that rehabilitation of the smooth musculature traditionally takes
longer [14, 32, 44] and requires ongoing maintenance training after treatment.

When you close your lips tightly against the handle and pull the device for-
ward, a low pressure is created in the mouth, making the tongue retract and seal
against the anterior palatal arch and the soft palate. The effect of this is to strongly
stimulate the sensory nerves in the oral cavity which send afferent signals to the
brainstem as described in the neurology section above. Here they provoke a so-
called sensory-motor reflex arc which causes intense efferent motor signals to
exercise the muscles in the swallowing chain. In this way, IQoro training reaches
and strengthens even the smooth musculature that cannot be voluntarily
commanded by the patient.

Training with IQoro activates all the muscles in the swallowing chain, including
the outer longitudinal muscles that run along the sides of the esophagus and fasten
under the diaphragm. As they are activated by IQoro training they exercise the
muscles at the site of the rupture, strengthening the weakened muscles back into a
functional condition.

Figure 13.
Neurological and physiological considerations in muscle stimulation when eating or during neuromuscular
training with IQoro.
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In other words, the training action and regime used to treat dysphagia [10] are
equally appropriate for Hiatal hernia and reflux-based conditions [14, 32, 44].

7. Evidence of IQoro’s efficacy

This section presents the scientific support for the efficacy of IQoro in treating
the two closely related conditions of dysphagia and reflux-based diseases caused by
a hiatal hernia. For reasons of space and readability, most studies have been reduced
to short summaries of their purpose and conclusions and a link to the full article.
Exceptions to this are 8.1.4 and 8.1.5 which are presented in more detail, having not
been published in a scientific journal previously.

7.1 Dysphagia

7.1.1 Dysphagia studies

The evidence behind the efficacy of IQoro as a treatment for dysphagia includes
more than a dozen peer-reviewed and internationally published scientific research
papers.

7.1.1.1 Study: Effects on facial dysfunction and swallowing capacity of intraoral
stimulation early and late after stroke

Study type
Peer-reviewed, prospective, cohort pre and post-study designed according to

Good Clinical Practice (GCP) [15].
This study showed that IQoro is effective in improving swallowing ability, facial

activity in all four facial quadrants in patients, and pharyngeal sling force after
stroke, irrespective of time from stroke debut to start of treatment. Improvements
were still present at late follow-up (>1 year after the end of treatment).

The 31 patients were grouped according to having had a stroke with recent
onset, or a long time before. By implication, the similarly successful results in the
two groups rule out spontaneous recovery as a likely cause of the improvements
seen.

Conclusion
IQoro is effective in improving swallowing ability, facial activity in all four facial

quadrants, and pharyngeal sling force after stroke, irrespective of time from stroke
debut to start of treatment.

7.1.1.2 Study: Effect of IQoro training on impaired postural control and oropharyngeal
motor function in patients with dysphagia after stroke

Study type
Peer-reviewed, prospective, cohort pre and post-study [17].
The study used IQoro as a treatment for 12 weeks in a patient group that had

pathological levels for both Impaired Postural Control (IPC) and Oropharyngeal
Motor Dysfunction (OPMD).

The 26 adults recruited to the study were divided between those with recent
stroke, and those who had stroke onset a long time before. Results were equally
positive in both groups showing the efficacy of IQoro in immediate intervention or
in chronic sufferers. Once again, the similar results in the two groups rule out
spontaneous recovery as a likely cause of the improvements seen.
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At end of training significant improvement (p < 0.001) in tongue and velum
function, velopharyngeal closure, and swallowing ability were recorded in the late
intervention group. Almost all other outcome improvements in this group showed
a (p < 0.01) statistical significance, as did all measures in the early intervention
group.

Improvements were maintained at late follow-up (median 59 weeks after the
end of training).

Two patients showed no improvement in either IPC or OPMD, all others
regained normal abilities in both functions. Five patients presented with Percuta-
neous Endoscopic Gastrostomy (PEG) feeds at recruitment; all five PEGs were
removed by/at end-of-training and all recovered the ability to eat and drink
unmodified foods and liquids.

Conclusion

• IQoro successfully treats impaired postural control and oropharyngeal motor
function in patients with dysphagia after stroke.

• PEGs can be removed after several years of use, after 3 months’ IQoro
treatment.

• Velum function is significantly improved by IQoro training.

• Improvements made are still present at long-term follow-up.

• The similarity of results in the two intervention groups further supports the
contention that improvement is not due to spontaneous remission.

• The effectiveness of IQoro treatment is not affected by the time from stroke to
the start of treatment, nor the age or gender of the patient.

The positive effect on muscle groups not directly accessed by IQoro neuromus-
cular training supports the contention that the improvements are triggered by
neurological rehabilitation.

7.1.1.3 Study: Effects of oral neuromuscular training on swallowing dysfunction among
older people in intermediate care: A cluster randomized, controlled trial

Study type
Peer-reviewed, prospective, cohort pre and post-study, Randomized Controlled

Trial (RCT) [12].
385 elderly participants in intermediate care units were screened, and 116 with

impaired swallowing were randomly assigned to IQoro neuromuscular training or
usual care. Standard IQoro training was employed: 3 x 10 seconds, three times per
day for 5 weeks and patients, were measured at three-time points: before training,
at end of training, and at late follow up (6 months post-treatment).

• At end of treatment, the geometric mean of the swallowing rate in the
intervention group had significantly improved 60% more than that of controls
(p = 0.007).

• Signs of aspiration were significantly reduced in the intervention group
compared with controls (p = 0.01).
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• At 6 months post-treatment, the swallowing rate of the intervention group
remained significantly better (p = 0.031).

• No significant between-group differences were found for swallowing-related
quality of life.

Conclusion
Treatment ended at discharge from the residential facility in order that a long-

term follow-up could determine that the improvements seen at end-of-treatment
were sustained. Oral neuromuscular training is a new promising swallowing reha-
bilitation method for older people in intermediate care. Better clinical results would
likely have been achieved if IQoro treatment had continued for longer than 5 weeks.

7.1.1.4 Study: Measuring the effectiveness of IQoro® treatment of saliva control
dysfunction in children and young people with cerebral palsy using practice-based
evidence outcome measures

This study is that performed by Natalie Morris and her team and referred to at
the beginning of this chapter.

Saliva control difficulties.
Difficulty in controlling saliva is a common problem for people with Cerebral

Palsy (CP). Drooling is not normally a result of overproduction but inefficient
control of salivary secretions due to:

• Inadequate lip closure / habitual open mouth posture

• Reduced or impaired sensory feedback

• Atypical muscle tone

• Underlying swallowing difficulties

• Dental problems

• Side effects from other medications

• Impaired postural control

Existing and recommended treatments
Natalie’s own clinical observations and experiences of working with children and

young people (CYP) with CP were that difficulty with saliva control is a persistent
problem with no real effective treatment. The Cochrane review of interventions for
drooling in children with cerebral palsy concludes, “There is no clear consensus on
which interventions are safe and effective in managing drooling in children with CP.
There is insufficient evidence to inform clinical practice on interventions for drooling in
children with CP” [24].

The UK’s National Institute for Health and Care Excellence (NICE) guidance
[23] on the assessment and management of CP in under 25 s recommends clinicians
assess factors that may affect drooling in children and young people with cerebral
palsy, these include:

• Compensatory strategies and management of contributory factors such as
positioning - Multi-Disciplinary Teams (MDT) working with Occupational
Therapists (OT) and Physiotherapists to promote head control.
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• Increasing awareness of saliva - behavioral approaches to prompt children to
swallow more often and wipe their faces. However, many people with CP have
reduced sensory feedback and are often unaware that their chin is wet.
Furthermore, the physical action of wiping their own chin can be difficult.

• Oral-motor therapy - aims to target musculature that can be voluntarily trained
to improve muscle strength, tonicity, and coordination. However, from a
neurological point of view, it is important to consider that although some of our
swallows are initiated during the conscious process of eating, drinking, and
specific exercises, the majority are reflexive: swallowing away our saliva without
conscious involvement. The autonomic nervous system is responsible for the
overall control of salivation: these nerves are not under conscious control.

• Improving oral health - reducing reflux and maintaining good oral hygiene will
reduce the bacterial load of saliva and reduce the risk of infection.

• Eliminating mouthing behaviors - some tools that are provided to improve oral
skills e.g., chewy tubes for jaw stability, can precipitate difficulties with saliva
control if used incorrectly and not as part of a structured program.

Most CYP with CP is given some form of medication to help with saliva control.
NICE produced guidelines in 2017 [23] on the treatment of drooling in children

with CP.
The most common medications prescribed are:

• Oral Glycopyrronium Bromide

NICE concludes there is moderate evidence for the effectiveness of this
treatment and no evidence for the long-term safety. Side effects include dry
mouth, vomiting, constipation, and thickening of secretions, which may
increase the risk of respiratory infection and pneumonia. Many children are
kept on this medication for years, at great cost to the NHS (NICE gives an
average of GBP 320 per bottle, around GBP 430 for 28 days’ treatment, approx.
GBP 5160 per year).

• Hyocine patches + Trihexyphenidyl Hydrochloride

Although commonly prescribed, at the time of publication (January 2017),
neither medication had a UK marketing authorization for use in CYP under 18
for treatment of hypersalivation.

• Finally, if other treatment methods have been investigated, Botulinum Toxin
injections into the salivary glands or surgery to remove the glands may be
considered. Although these would obviously be highly aversive experiences
and considered only as a last resort.

IQoro as a possible treatment
In 2018, Natalie attended the Association of Speech and Language Therapists in

Independent Practice (ASLTIP) conference in London and came across IQoro
neuromuscular training device that exercises and strengthens the muscles needed for
feeding and swallowing by activating the nervous system to and from the brain. The
manufacturers suggest that while traditional oral-motor therapy can target.

The musculature that can be voluntarily trained to improve muscle strength,
tonicity, and coordination, it does not target the two-thirds of the swallowing

143

Introducing IQoro: A Clinically Effective Oral Neuromuscular Treatment for Dysphagia
DOI: http://dx.doi.org/10.5772/intechopen.101144



process that is controlled by the autonomic nervous system. IQoro claimed to
trigger the sensory-motoric reflex arc which enables messages to be sent to muscu-
lature beyond the reach of voluntary control. The sensory-motoric reflex arc [5, 25],
(Figure 14) effectively has a “leveraging” effect on direct muscular training and can
improve the entire swallowing process.

IQoro could point to an impressive amount of research that had been conducted
on adults with acquired swallowing difficulties, but no evidence to support its use
with children. The question that interested Natalie was: “Does IQoro improve saliva
control in CYP with CP?” Over a 20-week period, she collected ground-breaking
practice-based evidence to answer this question.

Study method and design
The programme used a case series design: 10 participants aged between 6 and

22 years old all had a primary diagnosis of CP. A single case study design was
applied to each individual and in addition to individual outcomes, inferences were
drawn from the collective data.

Several measures were taken to establish baselines, and these were compared to
the measurements taken after the treatment phase.

She and her team used a mixed-method strategy, producing quantitative data
regarding oral motor and swallowing ability as well as collecting qualitative data
about how the patients/carers / MDT members perceived the value of the tool.

Data collection & interventions
Natalie chose to use a Goal Attainment Scaling in Rehabilitation (GAS) method;

GAS statistically scores the extent to which each patient’s individual goals are
achieved in the course of intervention. There is substantial literature that demon-
strates its usefulness, both as part of the communication and decision-making
process and as a person-centered outcome measure for rehabilitation [45].
Original: [46].

• Baseline assessments were taken of swallowing ability, oral motor function,
and speech.

• Rating scales were used that allowed for skill breakdown and functional
description of each area.

Figure 14.
The sensory-motoric reflex arc.
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• The baseline assessment scores were used to set for intervention.

• An individual program for using the IQoro was designed for each patient and
then carried out 3 x per day (by parents/carers) for 20 weeks.

Results
The composite GAS is transformed into a standardized measure with a mean of

50. If goals are set in an unbiased fashion, one would expect a normal distribution of
scores, and the GAS thus performs at the interval level. If goals have been fully
achieved, we would expect to see a score of 50 (Table 1).

Results indicated that IQoro does improve saliva control in children with CP,
with improvements also demonstrated with oral motor skills. Using the measures of
articulation, there was no change to speech. However, changes to voice were
observed in the qualitative analysis (Table 2).

GAS Score Swallowing Oral Motor Speech

Baseline 35.1 34.5 32.2

Range 34.9–35.8 31.3–36.3 26.5–35.2

Achieved 53.7 48.1 32.2

Range 44.3–60.3 45.8–51.6 26.5–35.2

Change 18.8 13.6 0

Range 8.5–25.3 10.6–20.3 0

Table 1.
Results showing GAS scores pre and post-treatment.

Table 2.
Improved outcomes in swallowing and oral motor skills, but not speech.
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Discussion, quantitative and qualitative analysis
In this study, it has been possible to demonstrate an improvement with saliva

control resulting from treatment using IQoro. On average, ratings reduced from 4
(“unable to control”, saliva loss 75–100% of the time) to 2 (“moderate difficulty”,
saliva loss 25–50% of the time). However, at least half of the participants improved
further to a score of 1 (“mild difficulty”, saliva loss 10–25% of the time).

Qualitative data reported (but not measured) saw improvements with: teeth
brushing; nasal breathing; breath control for speech; reduction in chest infections;
sensory feedback (perception of saliva on chin) and tongue retraction. Positive
feedback has been received from schools (less damage from saliva to IT equipment
and worksheets) and physio colleagues (able to work in supine for longer periods
due to an increase in swallowing of secretions).

Future plans include creating an assessment protocol and running a training
program. Further research is indicated to see if this would be a cost-effective
treatment that could be made available on the NHS.

Conclusion
It has been the case that there is a severe lack of options in treating children and

young people with Cerebral Palsy with dysfunction that leads to drooling. Existing
medication and surgical intervention alternatives are often ineffective, invasive,
and even not strictly approved for patients in these age groups. Many medication
alternatives are expensive when compared with IQoro treatment.

IQoro has been proved to be a suitable treatment for the group studied, includ-
ing those at the higher end of the scale of motoric and other difficulties. In the case
of some of the latter, two assistants were required to perform the training.

Swallowing and oral motor competence improved significantly to a level around
the 50-point target of the GAS goals, although the measured speech ability did not.
Other functions and abilities important in daily life also improved as reported
above.

Much-improved drooling and saliva control had great influence in improving the
patients’ quality of life, not least where it allowed the use of laptops, books, and
other educational material in schools.

7.1.1.5 Study: IQoro dysphagia therapy in an NHS setting: A service evaluation

Roseanne, Exell 1; Hayley McBain 2; Sam Turvey 2; Gill Hardy 1

1.Royal Devon and Exeter NHS Foundation Trust

2.South West Academic Health Science Network

A service evaluation was carried out in southern England in 2020 resulting in the
following abstract.

Background
This evaluation explored the introduction of IQoro into a National Health Ser-

vice (NHS) setting.
Method
Patients with chronic dysphagia were recruited from acute and community

settings and completed a 12-week program using IQoro. Clinical and well-being
measures were taken pre and post-training. Feedback was gained from the Speech
and Language Therapists delivering this program.

Results
25 patients were recruited into the evaluation, 21 completed the program. There

were significant improvements in self-reported quality of life scores, including the
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overall scores and burden of dysphagia and mental health subscales. There was a
significant improvement in functional measures of dysphagia, including the consis-
tencies of food and drink that patients could safely manage. There was also a
significant improvement in the facial movement and symmetry of the lower half of
the face. Feedback from SLTs indicated that IQoro improved the range of therapy
options available and many planned to use it again. Qualitative feedback suggested
that the use of IQoro may change SLTs clinical thinking, including in relation to
intervention or compensation for dysphagia.

Conclusion
IQoro can be successfully introduced into an NHS team and can be effective in

supporting patients with chronic dysphagia. However, factors such as the ability to
follow patients across different settings and the individual risk of further decline
need to be considered.

7.1.1.6 Customer survey

In an email survey in June 2021 of all IQoro users that had purchased within the
previous 1–15 months, users were canvassed on the effectiveness of IQoro treatment
for dysphagia. Totally 4440 responses were received, 983 were specifically treating
symptoms associated with dysphagia after stroke. Patients had trained for 1 month
or more (Table 3).

Conclusion
This survey of a large population of people using IQoro to treat various types of

dysphagia and facial weakness is that their outcome experience is positive. This
survey differs from the studies quoted elsewhere in this chapter in that the results
shown are not at end-of-training in all cases. Many had not trained long enough at
the time of the survey to experience the full effect in symptom reductions: some
having only trained for as little as 1 month. Nevertheless, 79% - 86% reported
symptom improvements since starting training.

7.1.1.7 Medtech Innovation Briefings

The UK’s National Institution for Health and Care Excellence (NICE)), was
commissioned by the UK government and advises and supports National Health
Service and social care commissioners and have made a review of IQoro and its
claims and effectiveness. They have issued a Medtech Innovation Briefing [47] that
recognized “IQoro is an innovative treatment, with no similar technologies currently
recommended, and that the intended place in therapy would be in addition to standard
speech and language therapy in people with stroke-related dysphagia”.

Symptom
free

Big
improvement

Small
improvement

No
improvement

yet

Difficulty in swallowing
liquids safely

11% 42% 33% 14% 100%

Difficulty in swallowing
solid foods

7% 35% 38% 21% 100%

Drooling 9% 24% 44% 23% 100%

Facial or speech weakness 4% 28% 47% 21% 100%

Table 3.
Improved outcomes in swallowing and facial abilities.
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7.1.2 Hiatus hernia and reflux-based conditions

Reflux occurs when the neck of the stomach and the Lower Esophageal Sphinc-
ter (LES) intrude through the diaphragm into the chest cavity. In this position, the
LES can open upwards and allow stomach contents to reflux, in its correct position
it can only allow one-way traffic downwards. This intrusion or hernia is made
possible when the musculature of the diaphragm around the hiatal canal is weak-
ened (Figure 15).

IQoro is an effective treatment for reflux-based diseases and their various
symptoms: heartburn, pain behind the sternum, persistent unproductive cough,
blockage in the throat, and more. Training with IQoro provokes stimuli from the
brainstem to flex and strengthen all the muscles in the swallowing chain including
those allowing a Hiatal hernia.

The evidence behind the efficacy of IQoro as a treatment for Hiatus hernia
includes the following three peer-reviewed and internationally published scientific
research papers which are briefly summarized here.

7.1.2.1 Study: Esophageal dysphagia and reflux symptoms before and after oral IQoro
training

Study type
Peerreviewed, Prpospective, cohort pre and post-study [14].
43 patients who had esophageal dysphagia for a median of 3 years (range:

1–15 years) were recruited to this study. All displayed the symptoms of a Hiatal
hernia, but only 21 had had their condition confirmed by examination. All had been
prescribed Proton Pump Inhibitor (PPI) medication for more than 1 year without
any effect, all medication ceased at the start of IQoro treatment.

Figure 15.
(A) Sliding hiatal hernia. The upper part of the stomach and the LES has slid up through the hiatal canal. This
allows gastroesophageal reflux and also causes difficulties with opening the PES at the top of the esophagus. (B)
Normal anatomy. The neck of the stomach is correctly held below the diaphragm promoting normal LES
function and preventing reflux.
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Outcome measurements
A validated test battery was employed at baseline and at end of training includ-

ing questionnaires and tests for all patients. In addition to these measures 12
patients with confirmed hiatal hernia were measured using High Resolution
Manometry (HRM) [48] to measure pressure at resting and during IQoro traction.

Results

• No statistical difference (p = NS) between symptoms or outcomes between
those with or without confirmed Hiatal hernia diagnosis – both before and after
treatment.

• Esophageal dysphagia was present in all 43 patients at start of treatment, and
98% of patients showed improvement after IQoro neuromuscular training
(p < 0.001).

• Reflux symptoms were reported before training in 86% of the patients, 100%
of these showed improvement at end of training, (p < 0.001) and 58% were
entirely symptom free. All patients ceased PPI medication at recruitment to the
study.

• VAS scores were classified as pathologic in all 43 patients, and 100% showed
improvement after IQoro neuromuscular training (p < 0.001).

• Pharyngeal sling force and velum closure test values were both significantly
higher (p < 0.001) after IQoro neuromuscular training.

Those tested with HRM showed the following results:

• During IQoro traction there was an increase in mean pressure in the
diaphragmatic hiatus region and in the Upper Esophageal Sphincter (UES)
(Table 4).

Conclusion
IQoro neuromuscular training can relieve/improve esophageal dysphagia and

reflux symptoms in adults, likely due to improved hiatal competence. The similarity
of the results in the two groups suggests that many people suffer from Hiatus hernia
despite this not having been confirmed by diagnosis.

7.1.2.2 Study: Effect of IQoro training in hiatal hernia patients with misdirected
swallowing and esophageal retention symptoms

Study type
Peer-reviewed, prospective, cohort pre and post-study [17].

Items Pressures in mmHg UES n = 12 Hiatus n = 12

Normal pressure >30 10–35

Resting pressure 68 (40–110) 0 (0–0)

During IQoro traction 95 (80–130) 65 (20–100)

Data are mean (range) mmHg.

Table 4.
High-resolution manometry (HRM) results in UES and hiatus both at rest and during IQoro traction.
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The study investigated whether 28 patients with hiatal hernia and misdirected
swallowing and esophageal retention symptoms could be successfully treated with a
6-month regime of standard IQoro training: 30 seconds three times per day. Patients
had had their condition for median of 4 years (range 1–28).

Results

• Reflux symptoms were reported before training in all patients,

100% of these showed improvement (p < 0.001) at end of the training, and
61% were entirely symptom-free despite ceasing PPI medication at the start of
training.

• All hiatal hernia patients were improved after training with IQoro and showed
significant improvements (p < 0.001) in

◦ misdirected swallowing,

◦ cough,

◦ hoarseness,

◦ esophageal retention,

◦ globus sensation,

◦ scores for VAS, pharyngeal sling force, VCT, and TWST.

• Traction during the training action with IQoro resulted in a 65 mmHg increase
in the mean pressure of the diaphragmatic hiatus as measured by high-
resolution manometry (Table 4).

Conclusion
IQoro training significantly improves all the symptoms of hiatus hernia, likely

through improved hiatal competence.

7.1.2.3 Study: Oral neuromuscular training relieves hernia-related dysphagia and GERD
symptoms as effectively in obese as in non-obese patients

Study type
Peer reviewed, prospective, clinical study, cohort pre and post-study [32].
It has been thought that treatment of Hiatus hernia in overweight patients can

be unproductive and that weight loss should be a prior step to interventions.
In this study 86 adult patients with verified hiatal hernias and long-standing

Intermittent Esophageal Disease (IED) and other Gastro-Esophageal Reflux Disease
(GERD) symptoms were grouped according to their Body Mass Index (BMI),
before entry into the study (Table 5): Group A: normal weight, Group B: moder-
ately obese, Group C: severely obese.

Results
At entry into the study there were no significant differences between the three

BMI groups in baseline testing for swallowing ability, or for IED and GERD symp-
tom severity, except that:

• Heartburn and cough were significantly more common in Groups B
(moderately obese) and C (severely obese).
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• Misdirected swallowing was significantly more common in Group C.

After IQoro neuromuscular training, the following was observed in all three BMI
groups:

• All IED and GERD symptom scores were significantly improved or reduced (p
< 0.001).

• Median BMI was not significantly changed.

• Self-assessed GERD symptom improvement showed no significant difference
across the groups, except for heartburn, cough, and misdirected swallowing
which were significantly (p < 0.01) more reduced in obese patients than in
normal bodyweight patients.

• The swallowing tests showed significant improvement (p < 0.001) in median
values, with no significant difference between the BMI groups except for:

◦ Timed Water Swallow Test (TWST) values, which were significantly
(p < 0.01) more improved in Group C (severely obese) than in Group A
(normal weight).

◦ pharyngeal sling force, which was significantly (p < 0.05) more improved
in Group B (moderately obese) than in Group A.

Conclusion
IQoro neuromuscular training (IQNT), a non-surgical treatment for IED and

other GERD symptoms in hiatal hernia patients, is equally successful in treating
moderately or severely obese patients as in treating sufferers of normal weight.
Obesity in itself does not, therefore, seem to be a handicap in treating IED and other
GERD symptoms by IQNT.

7.1.2.4 Customer survey

In an email survey in June 2021 of all IQoro users that had purchased within the
previous 15 months, users were canvassed on the effectiveness of IQoro treatment
for dysphagia. Totally 4440 responses were received of which 3436
were specifically treating classic reflux symptoms caused by Hiatus hernia, the rest
of the responses were from people treating symptoms associated with dysphagia
after stroke or snoring and sleep apnoea. Patients had trained for 1 month or more.

Items Group A; n = 37 Group B; n = 28 Group C; n = 21

Median age 69 yrs. (20–85) 57 yrs. (22–85) 62 yrs. (44–87)

Gender 19 women, 18 men 16 women, 12 men 11 women, 10 men

GERD symptom duration 5 yrs. (1–75) 6 yrs. (1–15) 3 yrs. (1–29)

BMI before/after IQNT 23 (17–24) /23 (20–25) 28 (26–29) / 27 (24–29) 33 (30–37) / 31 (27–38)

Ranges in parentheses. BMI and GERD: median values; IQNT: Neuromuscular training with an oral IQoro.

Table 5.
Analysis of subjects by BMI grouping - age, gender, and GERD symptom duration.
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76%–84% of respondents reported symptom improvement, it can be assumed
that some of those not yet reporting improvements had only trained for a short
while (Table 6).

Conclusion
A large population, 3436 people, using IQoro to treat reflux symptoms showed

positive outcome experiences. This survey differs from the studies quoted else-
where in this chapter in that the results shown are not at end-of-training in all cases.
Many had not trained long enough at the time of the survey to experience the full
effect in symptom reductions: some having only trained for as little as 1 month.
Nevertheless, 76% - 85% reported symptom improvements since starting training.

7.1.3 NICE Medtech innovation briefing

In March 2019 the UK’s National Institute for Health and Care Excellence
(NICE) developed a Medtech Innovation Briefing (MIB) [49] regarding the use of
IQoro to treat Hiatus hernia, it points out the innovative nature of the device and its
potential to save the NHS money.

“The NICE MIB highlights the innovative nature of IQoro as being its uniqueness in
treating Hiatus Hernia through an exercise regime with an oral device. It also
highlights that the resource impact of using IQoro could be to reduce costs for the
NHS in the long term, one of the main points of our analysis of possible cost savings
in this briefing is the device’s potential to be resource releasing when compared to
long term PPI maintenance.”

8. Conclusions

All versions of dysphagia have an unsatisfactory range of treatment options.
Swallowing difficulties, reflux, and other manifestations are often met with com-
pensatory strategies instead of the treatment of the underlying causes. IQoro is
simple, inexpensive, non-invasive, and takes just 90 seconds per day.

Symptom
free

Big
improvement

Small
improvement

No
improvement

yet

Reflux / acid reflux 6% 40% 37% 17% 100%

Heartburn 9% 42% 34% 15% 100%

A sensation of something stuck
in your throat

12% 38% 34% 17% 100%

Excessive or thick phlegm 4% 30% 42% 24% 100%

Dry, persistent cough 8% 34% 36% 22% 100%

Gassy, burping often 4% 35% 39% 22% 100%

Pain in your chest or esophagus 11% 39% 33% 17% 100%

Food that you have swallowed
comes up again

15% 38% 31% 16% 100%

Hoarseness 8% 29% 39% 24% 100%

Table 6.
Improved outcomes in hiatal hernia related symptoms.
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IQoro is proven both in clinical practice and in research studies to be highly
effective in treating the underlying causes of the conditions and symptoms
described in this book. The evidence base for its efficacy is strong.

This innovative device and treatment are shown to be effective in treating all
types of dysphagia in the pre-oral, oral, pharyngeal, and esophageal phases. Simi-
larly, Hiatus hernia and its resulting reflux symptoms can be addressed successfully.
In all of these conditions, it is shown that time from onset of the condition stroke or
Hiatus hernia for example, to the time when IQoro treatment starts, does not affect
the positive outcome results of the treatment. The stroke studies show that
improvements achieved at end-of-treatment persist at long-term follow-up. Several
studies and evaluations show that patients with PEG feeding tubes have had them
removed after IQoro therapy.

All healthcare professionals working with dysphagia and its related conditions
should want to know more about IQoro and how it improves patient outcomes and
gives clinicians an important and powerful new treatment option.
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Chapter 9

The Nutritional Challenges in 
Dysphagia: Not Only a Matter of 
Nutrients
Isabelle Germain

Abstract

Oropharyngeal dysphagia can significantly affect food ingestion. Texture-modified 
foods and thickened fluids are proposed to alleviate this difficulty. The nutritional den-
sity of adapted foods is often insufficient to maintain adequate nutritional intakes. The 
current scientific knowledge relies on a weak correlation between clinical assessment 
and meals consumed by patients as well as few clinical trials to support the efficacy 
of any treatment. The negative organoleptic perceptions associated with dysphagia 
diets further exacerbate undernutrition and malnutrition. Over the years, scientist in 
food science, nutritionists, psychologists and other health professionals have proposed 
parameters when formulating novel foods for the treatment of dysphagia. Beyond the 
nutritional composition of adapted foods for the treatment of dysphagia, this chapter 
will present multidimensional factors affecting food intake, sensory evaluations, rheo-
logical parameters as well as the available research to date with respect to optimizing 
nutritional treatment of dysphagia. To date, extrapolation to everyday food formula-
tions remains a real challenge. To ensure success, thorough, individualized nutritional 
care plans need to be implemented and monitored regularly. An international knowl-
edge transfer database must be considered to help document the innovations proposed 
in texture-modified foods and thickened fluids in order to benefit patients of all ages 
and origins.

Keywords: nutrition, rheology, sensory evaluation, dysphagia

1. Introduction

The contextual application and impact of nutritional interventions in the clinical 
treatment of dysphagia have been studied in the scientific literature [1–4]. Articles 
published as early as 1946 are presenting difficulties in swallowing due to either 
tonsillectomy, achalasia, myasthenia gravis, dysphagia lusoria—vascular compres-
sion of the esophagus—malignant causes and focused mainly on the esophageal 
phase of food ingestion [5–8]. An interest in difficulty in chewing and eating was 
also brought forward in the 1960s by the challenges of swallowing in neurological 
diseases or post-stroke patients [9–11]. Nearly 60 years later, the complexity of food 
ingestion in adults afflicted by deglutition disorders, more specifically dysfunctions 
of the oral and oropharyngeal regions, continues to be an important clinical chal-
lenge. The multifaceted aspects of food perception, mastication, preparation and 
propulsion of the bolus for an effective deglutition is still a major preoccupation for 
patients, families and caregivers.
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The natural and reflex driven act of feeding one-self in adulthood is in fact an 
intricate emotional, sensory and neuromuscular achievement. It is directed by 
visual, olfactory, tactile and gustatory stimulations leading to pleasure and social 
interactions. Feeding one-self needs to meet much more than just pure physiologi-
cal goals, particularly in healthcare.

“In spite of food fads, fitness programs, and health concerns, we must never lose 
sight of a beautifully conceived meal.”
       – Julia Child.

The difficulty to chew and swallow foods and liquids, known as dysphagia, often 
leads to malnutrition, impaired immune system and pneumonia [12–15]. In fact, 
presbyphagia (gradual and subtle decrease in swallowing capacity) and persistent 
undernutrition have been linked to sarcopenia and, more specifically pulmonary 
sarcopenia [16–20].

Several medical conditions such as head and neck cancers, cerebrovascular 
accidents, dementia, neurodegenerative diseases and aging could lead to dyspha-
gia. Contingent to the underlying etiology and the evaluation/reporting method, 
reported prevalence of oropharyngeal dysphagia vary greatly, ranging from 
11.4 to 91.7% in various assessed populations [21, 22]. Finally, dysphagia could 
improve, remain stable or worsen, needing recurrent assessments and adaptation 
of nutritional treatments (Figure 1). The conditions presenting some of the highest 
prevalence rates are observed in the very old frail populations presenting neurode-
generative conditions [21, 22].

2. Nutritional interventions

The past century has seen a remarkable evolution for human nutrition. 
Nutritional requirements for various population groups were adopted for different 
parts of the world and used to assess quality of food intake or food service delivery 
of well balanced meals in hospitals, schools, or daycare as well as or nutrition 
labeling of commercial food products [23–25]. Detailed nutritional values and 
composition of foods can now be more comprehensively assessed. Therefore, 

Figure 1. 
Nutritional intervention route in dysphagia context.
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menus’ macro and micronutrients are regularly being calculated for individual 
needs. Additionally, several databases exist to assess food intake in a wide array 
of clienteles (infants, children, athletes, elderly, etc.), food types or food service 
contexts [26–38].

It is regularly stated that, dysphagia leads to diminished food intake, poor 
functional status and increased risk of pneumonia. To improve the situation, foods 
and liquids are gradually adapted in texture or consistency to offer softer, moist 
and cohesive boluses and meet the needs of the patients’ changing medical condi-
tion. In fact, it is now internationally recognized that various texture-modified 
foods (TMF) and thickened fluids (TF) are considered the cornerstone of clinical 
treatment and should be carefully evaluated [39]. Interestingly, in research stud-
ies investigation appetite and food intake in relationship to food oral processing, 
a meta-analysis published by Krop and colleagues noted that increased food oral 
processing (chewing) reduced food intake (−0.28 effect size; 95% CI: −0.36, 0.19; 
I2 statistic = 61.52%) and curbed appetite (−0.20 effect size; 95% CI: −0.30, 0.11; 
I2 statistic = 0%) [40]. Given this evidence, the decreased oral processing required 
to ingest TMF should be linked to improved oral food intake which is mostly sought 
after in dysphagia nutritional intervention. Additionally, thickening agents used 
to increase the consistency and reduce flow velocity are known to contribute to 
nutritional density [41]. So, shall we see an instant improvement? Not, according to 
the literature.

For the past 20 years, nutrient composition of institutional diets or TMF dys-
phagia diets have been repeatedly identified as deficient in energy and macro- or 
micronutrients [42–52] and remain a well known contributing factor of undernu-
trition and sarcopenia. Internationally, professional organizations are suggesting 
guidelines for better healthcare nutrition, including dysphagia nutritional care 
plans [53–57]. Fortification in energy, protein content or micronutrients of TMF, 
and the use of snacks are suggested to improve nutritional status [58–60]. But, 
sensory characteristics of TMF and TF such as taste, mouthfeel and appearance are 
regularly perceived negatively [61–65] and this nutritional treatment is seen as a 
psychosocial burden by staff and patients [66–71]. The challenge lies in adapting 
the foods offered to patients presenting dysphagia to optimize/improve nutritional 
content while maintain acceptable sensory characteristics!

Very few randomized clinical trials looking at comprehensive food intake reports 
for MTD and TF are found in the literature [72–74]. They were conducted in elderly 
populations, for a limited assessment time and are of small sample sizes. They did 
take in consideration complete dietary intakes, including oral nutritional supple-
ments (ONS), meals and snacks. Detailed quantitative dietary assessments using 
weighed food records and done over several days in order to reflect usual intake are 
complex and time consuming [75]. This could explain the paucity of publications.

First in 2006, a small randomized controlled trial of 12 weeks was conducted 
by Germain et al. in frail elderly residents in a long-term care (LTC) facil-
ity (Treatment Group: n = 8; age: 82.5 ± 4.41 years, weight 55.9 ± 12.1 kg, BMI 
22.4 ± 3.93; Control Group: n = 9; age, 84.6 ± 3.81 years, weight 54.3 ± 7.49 kg, BMI 
21.2 ± 2.31). Prior to randomization, all participants were assessed for oropharyn-
geal of dysphagia and TMF and TF were prescribed as needed. The control group 
received usual TMF and the treatment group received reshaped pureed or minced 
foods. Intakes were calculated using 3-day weighed food records at Baseline, 
Midway and End points. The average weight in the treated group augmented com-
pared to the control group (3.90 ± 2.30 vs. −0.79 ± 4.18 kg; p = 0.02). Furthermore, 
the treated group had an improved intake of total energy, proteins, fats, total satu-
rated fats, monounsaturated fats, potassium, magnesium, calcium, phosphorus, 
zinc, vitamin B-2, and vitamin D compared to control subjects (p ≤ 0.05) [72].
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In 2017, following a 20-week intervention, Côté et al. also demonstrated 
improved intakes in a multi-center study of 15 elderly LTC residents (Treatment 
Group: n = 7). In this study, participants were assessed for oropharyngeal dysphagia 
to ensure adequate prescription level of TMF and TF. The control group received 
institutional TMF and the treatment group received reshaped pureed or minced 
foods (Épikura©). Proportions of food intakes were measured by comparing 
pictures of the content of the tray, before and after the meals (2 consecutive days; 
lunch and supper meals; excluding supplements and drinks). Although partici-
pants’ body weights remained unchanged, the an increase in energy (p = 0.004), 
carbohydrate (p = 0.04) and lipid (p = 0.001) intakes in the treated group was 
documented [73].

Lastly in 2019, Reyes-Torres et al. implemented a controlled TMF and TF diet 
(n = 20 participants) to be compared to isocaloric standard diet (n = 20 participants) 
for 12 weeks. All participants received instructions in regards to swallowing rehabili-
tation techniques. Daily energy and protein intakes were assessed by 24-h multiple-
step recalls and calculated using Food Processor Nutrition Analysis® software. In the 
intervention group, results revealed improved energy intakes (29 ± 10 to 40 ± 15 kcal/
kg, p = 0.009) and protein intakes (1.3 ± 0.6 to 1.8 ± 0.7 g/kg, p = 0.03). Likewise, 
body weight were increased (56 ± 10 to 60 ± 10 kg, p < 0.001) as well as handgrip 
strength (18 ± 11 to 21 ± 13 kg, p = 0.004). Control group parameters remained 
unchanged. Therefore it appears that, although isocaloric to the standard pureed diet, 
better texture controlled pureed foods and TF allowed for improved dietary intakes 
and overall physical health status.

More recently, in a 12-week intervention study involving 50 elderly individu-
als living in a LTC facility (age: 89.12 ± 4.18 years), Rondanelli and colleagues also 
demonstrated that meal appreciation and nutritional status can be improved with 
tailored pureed texture meals [76]. This research team assessed meal intake with 
the Comstock Method of visual estimations of food waste [77] as an alternative to 
weighed dietary intake measures. It is noteworthy to mention that digital imaging 
methods to assess food intakes in various contexts (school cafeterias, restaurants, 
hospitals, etc.) have improved since their development in the early 1980s [78]. 
Visual estimations increasing used in research as they have the potential to help 
document food intake in larger groups with excellent agreement with the direct 
observational method, good agreement for between observers assessments com-
parison and presents very high intra-rater agreements [79–83].

Finally, in a case-crossover study published in 2022, Bayne et al. implemented 
sensory-enhanced, fortified snacks (quick-dissolving crisps, puree dips, and dry 
soup blends) for 8 weeks. The snacks improved the quality of nutritional intake 
among nursing home residents [84].

The presence and severity of dysphagia should prompt an individualized, 
nutritionally adequate and texture/consistency adapted nutritional interventions 
care plan to maintain or improve nutritional status and overall health of these 
patients. Although intuitively sound, few randomized clinical trials or interventions 
studies can be found using a clearly identified adapted nutritional intervention in 
association to specific severity of dysphagia. These rare and modest investigations 
seem to confirm that, other than using oral nutritional supplements, maintaining 
or improving nutritional density of foods provided by food services is possible. 
However, given the unfortunate poor quality of the research to date, systematic 
reviews repeatedly request more and better investigations [50, 54, 85, 86].

Admittedly, several confounding variables affect any nutritional research 
protocols: age groups, oropharyngeal or esophageal dysphagia, sample sizes, clinical 
settings, cultural reality, foods and ONS offered, number of meals assessed, dietary 
intake assessment method, duration of study, initial nutritional and clinical status, 
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disparity in assessment approaches and measured outcomes, etc. The impact of 
nutritional interventions is challenging to measure (Table 1) [13, 76, 87–89]. Often, 
assessments have been conducted in elderly populations, possibly due to the conve-
nience of studying cohorts in a more controlled environment. Conversely, clinical 
conclusions on the efficacy of these trials in younger populations should carefully 
extrapolated.

Sources Participants Assessment Conclusion

Vucea et al. 
[13]
(2018)
Canada

Cross-sectional study
Multi-center
n = 337
Regular diet
n = 139
Minced diet
n = 68
Pureed diet
Age = 86.8 ± 7.8 y
32 LTC facilities

MNA-SF
InterRAI LTCF Cognitive 
Scale
Ed-FED

MNA-SF score were lower for 
patients on MTF, dementia, ONS, 
assistance to fed or poor oral 
health
MNA-SF score were higher for 
patients with micronutrient 
supplements or family assistance 
for meals.
Malnutrition risk increased when 
diet texture prescription was 
changed from regular to minced 
diet
Malnutrition risk increased when 
diet texture prescription was 
changed from regular to pureed 
diet

Shimizu et al. 
[87]
(2020)
Japan

Retrospective cohort
Single-center
n = 218 with 
pneumonia
Age = 82.9 ± 9.8 y
TMD group
Multiple stages TMD 
(M-TMD) group

Food Intake Level Scale
Japan TMD Scale
MNA-SF

The M-TMD were related to the 
maintenance or improvement 
of swallowing capacity and 
nutritional status
Note:
Nutritional intake not assessed
Dysphagia severity not assessed

Razalli et al. 
[88]
(2021)
Malaysia

Cross-sectional study
Single-center
n = 95
TMF diet
Age: 64.2 ± 16.7 y
Blended diet
Mixed porridge diet
Minced diet

1 day lunch (L) + dinner(D)
Food waste
Food appreciation
Clinical/external factors such 
as appetite, assistance, time to 
eat, oral nutritional support

Blended diet
Food waste—lunch: 68.8%
Food waste—dinner: 63.3%
Correlated with variety of food, 
time to eat meal and appetite
Mixed porridge diet:
Food waste—lunch: 36.3%
Food waste—dinner: 33.9%
Correlated with texture and 
temperature
Minced diet:
Food waste—lunch: 57.9%
Food waste—dinner: 55.5%
Correlated with appearance, taste, 
vegetables and chicken/meat/fish
Note:
Nutritional intake not assessed
Dysphagia severity not assessed

Endo et al. 
[89]
(2021)
Japan

Longitudinal study
Multi-center
n = 284
Regular diet
n = 171
TMF diet
Age = 86.5 ± 7.8 y
Duration = 1 year
25 LTC facilities

Severity of dysphagia
Weight
Barthelet Index
Total energy intake
Food form

ADL and change in food from 
regular to TMD form were 
associated to weight loss
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Regrettably, dysphagia is too often considered as present or not present in 
research investigations. As an adapted nutritional individualized treatment, TMF 
and TF should be selected according to the level of severity of dysphagia. This 
variable is frequently ignored when evaluating the impact nutritional of treat-
ments whether it is TMF, TF or ONS. Likewise, the severity level of the dysphagia 
is often extrapolated in observational or epidemiological studies by reporting 
descriptive aspects of TMF being served to patients [13, 90]. This premise could 
falsely assume that all participants had been properly assessed or monitored or 
that all foods were optimally controlled for their texture, consistency or nutrient 
density. Poorly assessing, documenting and reporting dysphagia severity scale 
in publications undoubtedly leads to inconsistent results and interpretation. 
An analogy with optometry assessments can be made. Optometrists will not 
report poor or good vision. Optometrists will report myopia or presbyopia in 
well-defined optical units called diopters. Individualized prescription will be 
proposed and corrective lenses will be provided. Although such precision in 
dysphagia severity assessment is still difficult to measure for all patients, it must 
be maintain as part of the assessment evaluation when conclusions are drawn 
from different trials.

Sources Participants Assessment Conclusion

Rondanelli  
et al. [76]
(2021)
Italy

Intervention study
Single-center
n = 25 pureed diet
1223 kcal and 44 g 
protein per meal
n = 25 consistency
controlled MTD
1400 kcal and 53 g 
protein per meal
All beverages are 
thickened
Age = 89.2 ± 4.6 y

Meal satisfaction
Food intake
MNA
Arm- and calf-circumferences
Handgrip
Blood chemistry
Dysphagia Outcome and
Severity Scale (DOSS) as 
inclusion criteria

Significant improvements were 
observed for food intake, meal 
appreciation,
BMI, arm- and calf-
circumferences, MNA, handgrip
Prealbumin and albumin
Folic acid, vitamin D and ionized 
calcium
PCR and TNF-alpha
Note:
Dysphagia severity was assessed but 
not used to stratify data

Table 1. 
Selected nutritional trials in adult patients presenting dysphagia.

Figure 2. 
Key factors for a meaningful nutritional intervention trial in dysphagia context.
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Various dysphagia assessment tools exist: screening tools, bedside assess-
ments or more sophisticated instrumental investigation methods such as surface 
electromyography (sEMG) biofeedback, manometry, videofluoroscopy or 
fiberoptic endoscopy evaluations. Clientele, clinical context or availability of 
expertise and equipment to conduct these tests will determine if they can used 
or not. Their usefulness and their validity continue to be challenged [91–97]. The 

Dysphagia 
Outcome and 
Severity Scale 
[100]
(1999)
(United States)

DOSS Design intended population: adult, post-stroke
For videofluoroscopy or fiberendoscopy swallow study
Full per-oral nutrition (P.O): normal diet
Level 7: normal in all situations
Normal diet
No strategies or extra time needed
Level 6: within functional limits/modified independence
Normal diet, functional swallow
Patient may have mild oral or pharyngeal delay, retention or trace epiglottal 
undercoating but independently and spontaneously compensates/clears
May need extra time for meal
Have no aspiration or penetration across consistencies
Full P.O.: modified diet and/or independence
Level 5: mild dysphagia: distant supervision, may need one diet consistency restricted
May exhibit one or more of the following
Aspiration of thin liquids only but with strong reflexive cough to clear completely
Airway penetration midway to cords with one or more consistency or to cords with one 
consistency but clears spontaneously
Retention in pharynx that is cleared spontaneously
Mild oral dysphagia with reduced mastication and/or oral retention that is cleared 
spontaneously
Level 4: mild–moderate dysphagia: Intermittent supervision/cueing, one or two 
consistencies restricted
May exhibit one or more of the following
Retention in pharynx cleared with cue
Retention in the oral cavity that is cleared with cue
Aspiration with one consistency, with weak or no reflexive cough
Or airway penetration to the level of the vocal cords with cough with two consistencies
Or airway penetration to the level of the vocal cords without cought with one consistency
Level 3: moderate dysphagia: Total assist, supervision, or strategies, two or more diet 
consistencies restricted
May exhibit one or more of the following
Moderate retention in pharynx, cleared with cue
Moderate retention in oral cavity, cleared with cue
Airway penetration to the level of the vocal cords without cough with two or more 
consistencies
Or aspiration with two consistencies, with weak or no reflexive cough
Or aspiration with one consistency, no cough and airway penetration to cords with one, 
no cough
Non-oral nutrition necessary
Level 2: moderately severe dysphagia: Maximum assistance or use of strategies with 
partial P.O. only (tolerates at least one consistency safely with total use of strategies)
May exhibit one or more of the following
Severe retention in pharynx, unable to clear or needs multiple cues
Severe oral stage bolus loss or retention, unable to clear or needs multiple cues
Aspiration with two or more consistencies, no reflexive cough, weak volitional cough
Or aspiration with one or more consistency, no cough and airway penetration to cords 
with one or more consistency, no cough
Level 1: severe dysphagia: NPO: Unable to tolerate any P.O. safely
May exhibit one or more of the following
Severe retention in pharynx, unable to clear
Severe oral stage bolus loss or retention, unable to clear
Silent aspiration with two or more consistencies, nonfunctional volitional cough
Or unable to achieve swallow
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protocols for each evaluation differ. Bolus types and quantities consumed to per-
form the tests also differ. Additionally, diverse texture modifiers [65, 98] are used 
to change bolus consistency and texture of TMF and TF. In a clinical context, 
medications can also require consistency or texture modifications rendering new 
formulations which are also poorly understood [99]. Finally, and perhaps even 
more pertinent for nutritional interventions, no publication to date can be found 
providing a clear relationship between the various boluses provided during these 
assessments, the modification of consistency and texture occurring during the 
oropharyngeal phase of swallow and the multitude of foods possibly available at 
meals. Therefore, these investigation techniques must remain surrogate assess-
ment methods of swallowing capacity and direct extrapolation of the capacity 
to prepare and swallow various types of bolus can only truly be monitored using 
a careful diagnostic process and impact of therapeutic approaches, in realistic 
contextual mealtime conditions, over time (Figure 2).

Keeping these limitations in mind, scales evaluating severity of oropharyngeal 
dysphagia have been validated with various clienteles. Examples of such scales 

Functional Oral 
Intake Scale 
[101]
(2005)
(United States)

FOIS Design intended population: adult, post-stroke
Tube dependent
Level 1: No oral intake
Level 2: Tube dependent with minimal/inconsistent oral intake
Level 3: Tube supplements with consistent oral intake
Total oral intake
Level 4: Total oral intake of a single consistency
Level 5: Total oral intake of multiple consistencies requiring special preparation
Level 6: Total oral intake with no special preparation, but must avoid specific foods or 
liquid items
Level 7: Total oral intake with no restrictions

Eat Assessment 
Tool [102]
(2008)
(United States)

EAT-10 Design intended population: adult, various clinical diagnoses
Developed by Expert Panel
10 questions pertaining to eating difficulty EAT-10 score of 3 or higher: abnormal

Food Intake 
LEVEL Scale 
[103]
(2013)
(Japan)

FILS Design intended population: palliative care patients
No oral intake
Level 1: No swallowing training is performed except for oral care.
Level 2: Swallowing training not using food is performed.
Level 3: Swallowing training using a small quantity of food is performed.
Oral intake and alternative nutrition
Level 4: Easy-to-swallow food less than the quantity of a meal (enjoyment level) is 
ingested orally.
Level 5: Easy-to-swallow food is orally ingested in one to two meals, but alternative 
nutrition is also given.
Level 6: The patient is supported primarily by ingestion of easy-to-swallow food in three 
meals, but alternative nutrition is used as a complement.
Oral intake alone
Level 7: Easy-to-swallow food is orally ingested in three meals. No alternative nutrition 
is given.
Level 8: The patient eats three meals by excluding food that is particularly difficult to 
swallow.
Level 9: There is no dietary restriction, and the patient ingests three meals orally, but 
medical considerations are given.
Level 10: There is no dietary restriction, and the patient ingests three meals orally 
(normal).

Table 2. 
Scales of severity of dysphagia - assessment tools.
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would be the 7-point Dysphagia Outcome and Severity Scale (DOSS) [100], the 
7-point Functional Oral Intake Scale (FOIS) [101], the Eating Assessment Tool 
(EAT-10) [102] and the 10-point observer-rating scale Food Intake LEVEL Scale 
(FILS) [103] (Table 2). Dysphagia severity scales are hardly ever applied in nutri-
tional interventions or trials. But in 2006, Clavé et al. found a strong correlation 
between malnutrition and the dysphagia inventory score in 46 participants with 
brain damage, 46 participants with neurodegenerative diseases and eight healthy 
volunteers [104]. It could be helpful in future research focused on nutritional inter-
ventions to include a severity scale and determine if a correspondence is detectable 
between nutritional status and dysphagia severity.

Given all the existent caveats limiting the bedside and clinical assessment of dys-
phagia, nutritional interventions need to be prescribed to alleviate and compensate 
for the decrease in food intake. Notwithstanding the possible enteral nutritional 
avenue, texture modified diets, oral nutritional supplements, enriched snacks are 
some of the options proposed [21, 50, 60, 76, 85, 86, 101, 105–117].

3. Influential factors associated to eating

Eating is indispensable for subsistence. Therefore, it is a crucial component of 
the evolution of the human kind. As part of the essential evolutionary process, eat-
ing has taken various forms and adaptation has been linked to our survival.

Food choices and eating patterns are affected by several key elements such as 
biological influences (appetite, taste, hunger), psychological influences (mood 
or stress), socio-cultural determinants (family, peers, income, skills) and learnt 
behaviors [118, 119]. Côté et al. have depicted multiple factors to consider when 
providing adapted foods to the elderly. These factors remain intact, if not more 
important, once dysphagia becomes symptomatic (Figure 3) [120].

In the context of texture-modified foods and thickened fluids for the 
nutritional treatment of dysphagia, the appreciation of foods is often described 
as a burden [49, 66, 70, 71, 86, 121]. The reasons behind this present state of 
affairs are very complex and possibly imbedded in human survival program-
ming itself.

Figure 3. 
Interaction model of key factors affecting feeding in the context of dysphagia in the older adult population.



Dysphagia - New Advances

168

4. Starting at the beginning: human evolution and food intake

The need of water and food was stated as a key necessity in the Maslow Hierarchy 
of Needs [122]. As humanoids evolved, the feeding techniques and the human chew-
ing capabilities have evolved and adapted through time. Paleoanthropologist Dr. Rick 
Potts is the founder of the Human Origins Program at the Smithsonian’s National 
Museum of Natural History, Washington, DC [123]. Potts describes the evolution 
of the human cranium developing from a small brain case and slope-like face to our 
current species with the largest brain case and the smallest face. The mandibular 
bone (not shown on the video) would have also changed in shape and strength 
affecting the capacity to chew foods and prepare the food bolus for swallowing.

Ledogar and colleagues [124] studied the morphology and the facial biome-
chanics of cranium specimens from various regions around the globe. Using 
computational biology, the research group created a model (named ALL-HUM) 
incorporating several characteristics of crania to which they allocated human bone 
tissue and masticatory muscle force values in order to predict cranial mechanics 
and calculate strains and bites forces of our ancestors. The masticatory gracilization 
over time of the human face was less stiff than the chimpanzee comparatives but 
were efficient in bite force application. These findings support the hypothesis that 
consumption of less mechanically challenging foods or the origination of extra-
oral processing techniques (tools and cooking) accompanied these morphological 
changes. Humans adapted in several ways to evolved in various regions of the globe. 
One impressive adaptation was food preparation as well as feeding and chewing 
techniques as it is essential to survival of the species.

4.1 Taste perception

The biomechanics of human masticatory abilities are definitely important 
elements of feeding. However, feeding evolution is not only linked to our capacity to 
mechanically break down or process foods. It is associated to an array of sensations 
which also guide humans in accepting or refusing the ingestion of substances. It 
is believed that taste perception is an adaptive response [125] to assessing nutri-
tional content or toxicity of foods. Initially believed to be spatially mapped on the 
tongue, it is now understood that taste receptors are found across the tongue [126]. 
In fact, located in the oropharyngeal region, the primary tastes of sweet, bitter, 
salty, sour and umami receptors could have helped humans in detecting acceptable 
foods sources. One type of taste receptor cell was identified for each of the sweet 
and umami tastes. For salt and sour tastes, possibly more than one are involved. 
However, bitter taste is detected by 25 different types of cell receptors [127, 128]. 
Therefore, primates and humans are capable to detect bitterness which prevents 
the consumption of possible toxic plants [129]. Animal studies have shown that, 
although specific taste buds regenerated at a high turnover rate, they maintain 
the capacity to reconnect to the central nervous system due to labeled line wiring. 
Essentially, labeled line wiring allows the bitter taste center to convey and perceive 
only bitter peripheral signal or the sweet center carry only sweet signal. The mol-
ecules responsible for directing these gustatory nerves are known as semaphorins 
and are proteins involved in neuronal axon guidance which permit high specific-
ity [130–133]. Consequently in humans, taste perception is highly regulated and 
neurologically wired to allow innocuous ingestion of a wide array of substances.

New investigations pertaining to the microbiome have associated oral micro-
biota composition and with taste perception and reported food intake. Although 
providing exploratory results, it is proposed that the oral microbiota could also be 
affecting taste and smell perception as well as overall appetite [134–140].
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4.2 Mouthfeel and texture perception

Ingestion of food is also guided by mouthfeel and texture perceptions as well as 
appreciation of the masticated bolus. Oral processing is a complex progression of 
neuromuscular interactions which prepares and assess food prior to swallowing. 
As food is being broken down and imbibed with saliva, it is in contact with the oral 
sensory receptors and an integrated sensory evaluation of tastes, volatile com-
pounds and texture will occur [141, 142].

Electromyography (EMG) has been used to assess electric activity of the main 
masticatory muscles in healthy participants. Coupled to chewing cycle counts, 
tongue mobility, tongue pressure, salivation or videofluoroscopy studies, the 
mechanistic involved pre- and peri-swallowing can be assessed [143–148]. In a 
study looking at gels and sols, muscle activity required until swallowing appeared to 
be well correlated with the required force deployed for large compression deforma-
tion which occurs at the initiation of mastication [145]. Tournier and colleagues 
observed large inter-participant variation both for salivation and oral processing 
after 5 healthy participants masticated 4 breads of different textures and composi-
tions [146]. Mori and colleagues studied the laterality of the posterior tongue move-
ment in 20 young and health adults by [147]. Gummy jelly, sponge cake and mashed 
potatoes were assessed as representative of gradient mastication intensity require-
ments at the initiation, middle and end of mastication stages. For the purpose of 
the study, the participants were asked to masticate only on the right side or only on 
the left side. They measured a more intense EMG activity on the side of mastication 
for the gummy jelly and documented that tongue activity was affected by the food 
texture. Finally, Matsuo and colleagues investigated the masticatory function of 22 
young participants an 32 community-dwelling older individuals of either normal or 
oral hypofunction. For their investigation, the test samples were a control meatloaf, 
meatloaf containing lotus root, control chicken ball or chicken ball with almonds 
slivers (10 g per bite). The documented mean EMG amplitudes and integrated EMG 
activity were lower for control samples which were softer test foods. Oral functions, 
including dental condition, appeared to decline with age and would have influenced 
the assessed mastication capacity [148].

The characterization of the biomechanics of bolus preparation and its impact 
on swallowing capacity is still being investigated [149–151] and remains limited in 
application for daily clinical investigations or association to diversified menu items 
around the globe. Few foods have been assessed. However, the variability in bolus 
process are highlighted and the impact could be important.

Individual physiognomy, quality of dentition and capacity to prepare foods 
for deglutition are only one part of the complex equation. The foods and liquids 
consumed bring their share of complexity. The lubrication of the bolus is also 
dependent on salivation. Intra-oral assessment of bolus texture and correlation to 
sensory perceptions are challenging.

5. Development of adapted texture-modified foods

5.1 Sensory evaluation

Acceptance by consumers of food products is a main priority for the food 
industry. Development of new products is time consuming and costly. However, 
the formal study of sensory evaluation of foods is a science with a relatively recent 
history. As stated by M.A. Drake, sensory evaluation is a “collection of techniques 
that seek to differentiate between a range of products based on all of their sensory 
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characteristics and to determine a quantitative description of all the sensory attri-
butes that can be identified, not just the defects” [152]. Methods such as discrimina-
tion testing (Is there a difference between 2 formulations?), acceptability (Which 
food would you prefer? Rating scales of relative dislike and like), descriptive 
sensory evaluation (How can we discriminate between a range of products based on 
all of their sensory characteristics?) have provided additional tools for application 
in research, product development, and marketing [152, 153]. Important develop-
ments in the science of sensory evaluation were initially triggered in the U.S. by the 
desire to optimize food intake in U.S. armed forces [152, 154–156]. With the cre-
ation of the food acceptance program in 1945, the U.S. Army Quartermaster Food 
and Container Institute (Chicago) had four main divisions which were food habit 
studies, psycho-physiological studies, organoleptic studies and statistical theory. 
In 1949 and 1950, psychologists David Peryam and Norman Girardot were hired to 
lead the Food Acceptance Research Branch. As measurement is essential to building 
comparative datasets, the staple nine-point hedonic scale (Table 3) was developed 
to assess food acceptance and preference [157, 158]. This scale remains in use today 
to asses customers appreciation of assorted food products such as chips [159], beef 
sausage using pigeon pea as binding agent [160] or yoghurt [161].

In the past, food development for the treatment of dysphagia customarily 
stemmed from clinical settings [44, 72, 162]. Researchers state that TMF and TF are 
deemed to be at the core of the nutritional treatment for dysphagia diets [65, 163], 
therefore, it is essential to evaluate the sensory profile if optimal ingestion is to be 
achieved. Limited publications have assessed sensory characteristics of TMF or TF. 
Pureed peaches [164], pureed carrots [165–167], meats [166, 167], soups, pates and 
timbales [167] were assessed primarily by healthy young adult for sensory percep-
tion. Thickened fluids have been studied more extensively: water with and without 
barium, lemon flavored water, juices, milk and infant formula [63, 168, 169]. But, 
even fewer publications have included participants with impaired swallowing  
[164, 166]. Studies are mainly conducted with the participation of young healthy 
adults. To be fair, several neurological diseases affect oral expression or comprehen-
sion of instructions which could render consumer assessments difficult. However, 
when recommending approaches to improve nutritional intakes and adherence 
to a proposed dysphagia diet, customer appreciation—likes and aversions of 
patients—should be at the core of the plan. More sensory research should be done 
with TMF and TF to help in developing complete, nutritious, appetizing and varied 
menu plans.

5.2 Rheological evaluation

Nutritional interventions for the treatment of dysphagia can take various 
forms and should progress with the medical conditions. Foods are molecularly and 

Like extremely
Like very much
Like moderately
Like slightly
Neither like nor dislike
Dislike slightly
Dislike moderately
Dislike very much
Dislike extremely

Table 3. 
9-point hedonic scale [157].
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structurally elaborate and diverse. Oral nutritional supplements, texture-modified 
foods and thickened fluids often require the addition of the texture modifying 
agents which only adds to the complexity of these matrices. Comparing foods items 
is challenging in clinical trials. Over time, terminology and assessment methods 
have been proposed [170]. Two major milestones in the evolution of dysphagia 
diets development were the National Dysphagia Diet (NDD) [171] in 1999 and the 
International Dysphagia Diet Standardization Initiative (IDDSI) [39] in 2015.

Based on the work of food scientists Russell H. Mills [172] and Don Tymchuck 
[173], the NDD was the first diet to propose a quantifiable measure to assess flow of TF. 
Viscosity ranges were determine to discern different 3 different levels of consistency 
for fluids. Concepts of food texture such as adhesiveness, cohesiveness, firmness and 
springiness were also suggested to describe and classify TMF in 3 categories (Table 4).

After an extensive literature review and consultation among researchers, clini-
cians and industry leaders, the IDDSI group propose a more extensive descriptive 
framework and classification of the liquids with 5 levels to distinguish fluids and 5 
levels for the MTF. A gravity flow test using a syringe is propose to measure liquid 
flow and 4 levels are recommended (Table 4). The syringe was preferred to other 
methods such as shear viscosity measurements or the use of empirical tests such as 
the Bostwick consistometer [174] or the line spread test due to the accessibility and 
ease of use of the syringe. But, velocity results obtained for various fluids using the 
IDDSI syringe and the Bostwick consistometer are unexpected and the discriminat-
ing capacity of the IDDSI levels remain to be demonstrated (Figure 4). The food 
texture descriptive parameters are still suggested to explain the MTF. However, 
other guidelines such as particle size, spoon-tilt test, drip test, fork pressure test and 
visual cues were added.

Both frameworks had important repercussions in the research and industrial 
arenas. By proposing a standardized terminology and food classification systems, 
these approaches helped researchers, clinicians, patients as well as the food industry 
to classify foods and allow better description of clinical protocols and comparison 

NDD1—terminology IDDSI2—terminology

Fluids units Drinks units
(ml after 10 s)

Thin
Nectar-like
Honey-like
Spoon-thick

1–50 cP3

50–350 cP
351–
1750 cP
≥1750 cP

Thin—level—0
Slightly thick—level—1
Mildly thick—level—2 Moderately 
thick—level—3
Extremely thick—level—4

≤1 ml
1–4 ml
4–8 ml
8–10 ml
≥10 ml

Foods Foods

NDD level 1: dysphagia-pureed Liquidized—level—3 8–10 ml

NDD level 2: dysphagia-
mechanical altered

Pureed—level—4 ≥10 ml

NDD level 3: 
dysphagia-advanced

Minced & moist—level—5 Transitional foods

Regular Soft & bite-sized—level—6

Easy to chew-regular—level—7
1National dysphagia diet.
2International dysphagia diet standardization initiative.
3centiPoise.

Table 4. 
Terminology and rheological parameters associated to various levels of dysphagia diets.
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of interventions. Still, clinical trials will be required to assess their impact on 
nutritional status of patients suffering from dysphagia. The main novelty of these 
proposed frameworks was the use of rheology.

Rheology is the science of deformation and flow of matter [175]. In the context 
of oropharyngeal dysphagia, fluids and semi-solid foods are the object of interest. 
Two (2) extensive reviews helped the understanding of the science of rheology 
specifically in the perspective of oropharyngeal dysphagia treatment [176, 177].

First, the review published by Gallegos et al. [176] focused on the rheology of 
fluids. Providing a short review of basic rheological concepts, they present funda-
mental parameters impacting the flow of fluids such as stress, strain and strain rate 
(Table 5), type of fluids Newtonian, non-Newtonian, viscoplastic fluids as well as 
time-dependent viscous flow behavior, shear viscosity and extensional viscosity. In 
light of their work, it becomes evident that a bolus will undergo major pressure and 
deformation before and during the course of deglutition. The various forces applied 
(i.e. shear rates) throughout swallowing are challenging to measure and have not 
been clearly established. For the moment, a shear rate of 50 s−1 is generally used in the 

Figure 4. 
Bostwick flow test and syringe flow test of common products (AAFC—Saint-Hyacinthe Research and 
Development Center (Canada)—unpublished data).

Variable Description Units

Stress (τ or σ) Force per unit area Pascals (Pa)

Strain (ϒ) Relative variation of position in the flow direction Non dimensional

Strain rate (‘ϒ) Strain variation over time s−1

These variables are temperature, pH, pressure and time dependent in Non-Newtonian fluids.
Swallowing imposes a stress on the bolus and deformation of the fluid occurs. The composition of the bolus will 
influenced its rheological behavior.

Table 5. 
Fundamental dynamic and kinematic variables of flow [176].
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literature. Salivary alpha-amylase and the presence of contrast fluids (barium) are 
also addressed since their presence impacts the bolus texture parameters and rheo-
logical behavior as the bolus is being processed orally prior or during swallowing.

Raheem and colleagues proposed a comprehensive review of the publications 
addressing the TMF. They present the various tests, both sensory and instrumental, 
available to the food industry to measure textural characteristics of foods. Similarly 
to the work done with TF, the rheological assessment of TMF is scare in the litera-
ture. According to this review, a better understanding of the complex food matrices 
used in the nutritional treatment of dysphagia, by all stakeholders, must take place 
to improve TMF.

5.3 Bridging the gaps

As early as 1963, Dr. Alina Szczesniak [178, 179] led the food industry in bridg-
ing the gap between the emerging technologies of the times and the sensory evalu-
ations of foods. By developing standard rating scale to describe the mechanical 
characteristics of foods that were now assessed by texturemeters, Dr. Szczesniak 
demonstrated that although more repeatable and quantifiable, the data obtained for 
instruments remained insignificant in product development if they were not linked 
to human assessment and ratings. This vision of correlating instrumental and 
sensory assessments should inspire more future research in nutritional treatment 
for dysphagia. The recent ‘mouthfeel wheel’ terminology should be a step in the 
right direction [180].

6. Conclusion

Dysphagia is a condition affecting dietary intake. Although often underesti-
mated, chronic undernutrition can exacerbate frailty and can lead to poor physical 
condition, declined immune system, sarcopenia and pneumonia. In view of the cur-
rent literature, nutritional content, texture and consistency as well as appearance 
of texture-modified foods should be improved. An assortment of foods and fluids 
should be investigated to reflect more realistic food intake patterns. Above all, a 
personalized nutritional intervention is essential to prevent health decline.

Eating is indispensable to subsistence in addition to being a critical part of the 
social aspect of life. New texture-modified foods should be developed with the 
involvement of individuals affected by dysphagia to improve taste, textural profiles 
and overall acceptability. Clinical trials should improve documentation of the 
dysphagia severity level, nutritional intervention (foods/fluids offered) and food 
intake prescribed, nutrient density, satisfaction of meals and adaptation to patients 
nutritional needs. Research done to date, although essential to understanding this 
complex health issue, is still theoretical and lacks integration of expertise. We 
must improve clients/patients consultation. A large number of foods and fluids are 
required to build an nutritious and appealing menu which is an essential element 
to improve intakes. An open-sourced international clinical database for nutritional 
interventions in dysphagia, similar to existing food composition databases  
[181–184], would be a valuable tool to build a strong resource base. While archiving 
details of various food or fluids formulations, nutritional values and rheological 
parameters (when available), this compendium would support knowledge transfer 
and benefit food/pharmaceutical industries, researchers, clinicians as well as clients.

Finally, clinicians and research teams must continue to progress in bridging the 
knowledge gap between the foods used to evaluate dysphagia severity (with and 
without barium), the foods and the fluids available for nutritional interventions 
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