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       Swallowing Dysfunction Aft er Critical   Illness   
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               Critical care practitioners must frequently make decisions about their patients’ ability to swal-

low food, liquids, and pills. These decisions can be particularly diffi  cult given the incompletely 

defi ned epidemiology, diagnostic criteria, and prognostic features of swallowing disorders in 

critically ill patients. Furthermore, the consequences of improper decisions—namely, aspi-

ration, malnutrition, hunger, and thirst—can be devastating to patients and their families. 

This review outlines the problem of swallowing dysfunction in critically ill patients and then 

addresses the most clinically relevant questions that critical care practitioners face today. 

First, we review the epidemiology of swallowing dysfunction in critically ill patients. Next, 

we describe the diff erent diagnostic tests for swallowing dysfunction and describe a general 

approach to the initial assessment for swallowing disorders. Finally, we explore the existing 

treatments for swallowing dysfunction. Given the burden of swallowing dysfunction in patients 

recovering from critical illness, enabling critical care practitioners to manage these disorders, 

while stimulating new investigation into their pathophysiology, diagnosis, and management, 

will enhance our care of critically ill patients.     CHEST 2014;  146  (6):  1681 - 1689  

  ABBREVIATIONS  :     FEES   5    fi ber-optic endoscopic evaluation of swallowing    ;    NMES   5    neuromuscular elec-
trical stimulation    ;    VFSS   5    videofl uoroscopic swallow study           

 [        Contemporary Reviews in Critical Care Medicine        ] 

   Manuscript received   May     11  ,   2014   ;    revision accepted   July     31  ,   2014    . 

 AFFILIATIONS:   From the Division of Pulmonary Sciences and Critical 
Care Medicine (Drs Macht and Moss), University of Colorado Denver; 
and Rehabilitation Th erapy (Mr White), University of Colorado Hospital, 
Aurora, CO.     

    FUNDING/SUPPORT:  Dr Moss was supported by National Institutes of 
Health [Grant NIH K24 HL089223: Enhancing patient-oriented research 
in acute lung injury].    

   CORRESPONDENCE TO:  Madison Macht, MD, Division of Pulmonary 
Sciences and Critical Care Medicine, University of Colorado Denver, 
AMC, RC2, C-272, 12700 E 19th Ave, Aurora, CO 80045; e-mail: 
 madison.macht@ucdenver.edu     

   © 2014 AMERICAN COLLEGE OF CHEST PHYSICIANS.  Reproduction of 
this article is prohibited without written permission from the American 
College of Chest Physicians. See online for more details.  

  DOI: 10.1378/chest.14-1133 

          “Let food be thy medicine and medicine 

be thy food.” 

 Hippocrates   

 About every 90 s in the United States, a 

critical care practitioner makes a decision 

about the diet for a patient who was recently 

extubated.  1 , 2   As Hippocrates may have 

predicted, these decisions surrounding 

when a patient should resume attempts to 

swallow food, liquids, and pills can be 

diffi  cult. Patients with swallowing problems 

who start to eat and drink could aspirate, 

and subsequently develop acute respiratory 

failure and increase their risk of developing 

a health-care-associated pneumonia.  3 - 5   

However, depriving oral nutrition to 

patients who can eff ectively swallow results 

in thirst, hunger, feeding tube placement, 

electrolyte disturbances, and increased 

caregiver burden. 

 Th e decision of when to allow a patient who 

is recently extubated to begin to eat and 

drink is complicated for at least two reasons. 

First, swallowing problems occur relatively 

frequently in survivors of critical illness. 

Second, the diagnostic criteria, prognostic 

features, and treatment options for these 

disorders remain incompletely defi ned. 
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Increasingly, critical care practitioners delegate the 

decision of when to resume oral feeding to the nation-

ally accredited discipline of speech-language pathology. 

Over the 9-year period between 2002 and 2011, speech-

language pathologists increased their inpatient evalua-

tions for swallowing disorders by nearly 20%.  6   Ninety 

percent of the time, a speech-language pathologist 

requires a consult from the treating physician to become 

involved in the care of critical illness survivors.  7   In part 

due to the morbidity of dysfunctional swallowing and 

the increasing resources required to evaluate and treat 

swallowing disorders, the national yearly cost of 

swallowing problems in hospitalized patients is esti-

mated to be over $500 million dollars.  8   

 Th is review seeks to shed light on the particular ques-

tions faced by critical care practitioners. Th roughout 

the review, we will use the following terms: dysphagia   

or swallowing dysfunction refers to the general phe-

nomena of abnormal swallowing, and aspiration denotes 

oral contents spilling into the trachea. We will address 

six questions that are relevant to patients who are 

recently extubated.  

 How Common Are Swallowing Disorders in 
Critically Ill Patients? 

 Th e frequency of dysphagia and aspiration in critically 

ill patients has not been defi nitively determined. Some 

of the variability in the estimated frequency of dysphagia 

is related to the lack of universally applied diagnostic 

criteria, cohort diff erences, and variation in the timing 

of the swallowing evaluation. An additional factor in 

determining the prevalence of dysphagia is whether 

swallowing dysfunction in these patients predates ICU 

admission or whether it developed as a result of critical 

illness. Conservative estimates suggest that a minimum 

of 20% of all extubated survivors of acute respiratory 

failure suff er from an abnormality in swallowing 

function.  9   Barker and colleagues  10   in Toronto, Ontario, 

Canada, demonstrated that 51% (130 of 254) of cardiac 

surgery patients who received mechanical ventilation 

for  . 48 h had abnormal swallowing as detected by 

bedside swallow evaluation. Additionally, El Solh and 

colleagues  11   demonstrated endoscopic evidence of aspira-

tion in 44% of recently extubated patients (37 of 84). In 

a large cohort of survivors of critical illness, 15% of all 

ICU admissions (374 of 2,484) had dysfunctional 

swallowing, despite the fact that over two-thirds of 

patients received no formal evaluation of their swallow-

ing function.  3   While these studies attempted to exclude 

patients with preexisting swallowing dysfunction, it is 

possible that existing estimates include patients with 

previously undiagnosed dysphagia that is subsequently 

identifi ed aft er critical illness.   

 In Critically Ill Patients, How Long Do 
Swallowing Disorders Persist? 

 Long-term neurologic impairment is an important and 

common complication of critical illness.  12 - 16   However, 

the signifi cance and duration of dysphagia in survivors 

of critical illness is relatively unknown. Only a few 

studies examining extubated survivors of acute respiratory 

failure have included follow-up swallow evaluations. 

At 5 days, and then 14 days postextubation, 40% and 

14% of elderly patients had endoscopically confi rmed 

aspiration. In another study, de Larminat and colleagues  17   

used a submental electromyogram to determine 

swallowing effi  ciency, defi ned as the latency between 

installation of liquid   at the level of the pharynx and the 

initiation of swallowing. Th is study demonstrated 

improvement in swallowing delay in all patients 7 days 

aft er extubation. Finally, in a retrospective cohort trial, 

35% of those patients with swallowing dysfunction at 

the time of extubation had persistent swallowing 

abnormalities at the time of hospital discharge.  3   Most 

likely, the underlying mechanism of swallowing dysfunc-

tion is the strongest determinant of the duration of 

dysfunction. For example, mild laryngeal sensory abnor-

malities caused by local edema may resolve rather 

quickly. However, laryngeal neuromuscular dysfunction, 

or more signifi cant damage to laryngeal tissues, may 

persist for a longer duration of time.  18     

 What Specifi c Features of Aspiration Lead to 
Clinically Signifi cant Changes in Patient 
Outcomes? 

 In patients recovering from a cerebrovascular accident, 

aspiration that is suggested by a bedside swallow 

evaluation has been associated with poorer outcomes, 

such as the development of pneumonia.  4   Th e association 

between aspiration and pneumonia exists regardless of 

whether aspiration occurs with coughing or occurs 

“silently” (without signs or symptoms).  19 - 21   “Silent” 

aspiration is also associated with the development of 

pneumonia when quantifi ed by pepsin in the respiratory 

secretions of tube-fed patients who are mechanically 

ventilated.  5   Importantly, these studies only suggest an 

association between aspiration and pneumonia, and 

these associations could be biased by confounding 

variables, such as other comorbidities or greater severity 

of illness. In a large study of recently extubated survivors 

of acute respiratory failure that attempted to control for 

illness severity, the presence of swallowing dysfunction 
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on a bedside swallow evaluation was independently 

associated with poorer outcomes, including pneumonia, 

reintubation, and in-hospital mortality.  3   Until more 

compelling evidence exists, this relationship between 

aspiration and pneumonia is conventionally accepted. 

Th e reduction of nosocomial pneumonia in semirecum-

bent patients in the ICU, as compared with supine 

patients, further supports this hypothesis that decreased 

aspiration of gastric contents reduces pneumonia.  22 , 23   

 However, our understanding of the mechanisms of 

aspiration pneumonia is not complete, as not all 

episodes of aspiration result in an adverse event. 

Aspiration can be detected by radionuclide scans in a 

signifi cant portion of normal, healthy subjects during 

sleep, who do not subsequently develop pneumonia.  24   

Why exactly are critically ill patients who aspirate more 

likely to develop pneumonia? Th is may be due to 

alterations in oral fl ora to include more pathogenic 

gram-negative bacteria.  25 - 27   If this is the case, what is the 

role for oropharyngeal and digestive tract decontamina-

tion?  28   Furthermore, which is more clinically burden-

some: refl uxed and aspirated gastric contents (“bottom up”) 

or directly aspirated oral food, liquid, and pills (“top 

down”)? Is respiratory compromise more likely if 

aspiration occurs in frequent, small quantities (“micro-

aspiration”), or episodic, large quantities (“macroaspi-

ration”)? Does the type of liquid have an eff ect on 

clinical outcomes? Would it be safe for recently extu-

bated patients to aspirate small quantities of water, in 

an attempt to return to normal swallowing function 

sooner? Th ese questions deserve further investigation.   

 What Tests Are Available to Diagnose 
Swallowing Dysfunction? 

 Th e most commonly used diagnostic test for swallowing 

dysfunction aft er critical illness is the bedside swallow 

evaluation. Composed of a patient interview, a physical 

examination, and the assessment for potential signs of 

aspiration, the bedside swallow evaluation is usually 

performed by a trained speech-language pathologist.  29   

Bedside signs of swallowing dysfunction include a 

cough aft er swallowing, a “gurgling” vocal sound aft er 

swallowing, or the absence of a gag refl ex. Components 

of the bedside evaluation can be performed in isolation, 

or in series, and frequently involve a patient interview, 

and an examination of tongue, lip, and oral motor and 

sensory function before and aft er the swallowing trials.  7   

 To streamline the diagnostic evaluation for swallowing 

disorders, some of the more sensitive components of the 

bedside swallow evaluation can be used as an initial 

screening test. Nearly all of these screening tests involve 

attempts to swallow small quantities of water and/or ice 

chips under the observation of a nurse, speech-language 

pathologist, or physician. Water and ice chips are chosen 

because of their low perceived risk of complications if 

aspirated. One of the most common screening tests used 

in non-critically ill patients is a 3-ounce water swallow 

test.  30 , 31   Patients receive 3 ounces of water and are 

instructed to drink the entire amount, via a cup or straw, 

complete and without interruption. Test failure is 

defi ned as the inability to drink the entire amount 

continuously, any cough up to 1 min aft er the swallow-

ing attempt, or the development of a wet, gurgly, or 

hoarse vocal quality.  30 , 31   In hospitalized patients without 

critical illness, Suiter and Leder  32   demonstrated that a 

3-ounce water swallow test was 96.5% sensitive and 

48.7% specifi c for aspiration when using endoscopy as a 

gold standard. Currently, for recently extubated survi-

vors of critical illness, 41% of hospitals in the United 

States incorporate some version of a water-swallowing 

protocol as initial screening for swallowing disorders.  7   

However, the accuracy of these screening protocols has 

not been studied in survivors of critical illness.  33 - 35   

 Th e bedside swallow evaluation and its individual 

components have been criticized for poor standardiza-

tion, accuracy, and interrater and intrarater reli-

ability.  36 - 38   A nationwide survey of speech-language 

pathologists who care for patients who are recently 

extubated demonstrated signifi cant variability regarding 

the individual components that should be included in 

the bedside swallow evaluation.  7   In patients recovering 

from a cerebrovascular accident, none of the individual 

components of the bedside swallow evaluation maintain 

a sensitivity or specifi city  . 80%.  39   Suboptimal sensi-

tivity is in part due to the inability of the bedside 

swallow evaluation to detect silent aspiration. In prior 

studies of patients without critical illness, aspiration 

occurred silently in over one-half of patients.  20 , 39 - 41   Th e 

bedside swallow evaluation may also be particularly 

nonspecifi c in patients recovering from critical illnesses 

due to the high frequency of coughing, choking, or a 

gurgling voice for reasons other than aspiration. 

 Finally, the bedside swallow evaluation is limited in both 

its ability to accurately assess the severity of aspiration 

and to guide prognosis. While several severity scales 

have been validated for fl uoroscopic and endoscopic 

tests,  42 , 43   a similar severity scale has not been validated 

for the bedside swallowing evaluation.  44   Using a 

speech-language pathologist’s bedside assessment of 

dysphagia as either mild, moderate, or severe, we 
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 TABLE 1 ]      Diagnostic Tests for Swallowing Dysfunction and Their Relative Advantages and Disadvantages  

  Diagnostic Test Who Performs What Is Done Advantages Disadvantages  

  Water swallow test Nursing staff Patient asked to 
    swallow a small 

quantity of water 
and/or ice chips

Widely available, 
   simple to perform

Uncertain accuracy 

 Bedside swallow 
   evaluation (BSE)

Speech-language 
   pathologist

Patient interview, 
    physical examination, 

and assessment for 
signs suggestive of 
aspiration

Widely available, 
   noninvasive

High potential for 
    interobserver 

variability; 
incomplete 
standardization; 
uncertain accuracy 

 Videofl uoroscopic 
    swallow study 

(VFSS)

Speech-language 
    pathologist 

(radiologist 
performs fi nal 
interpretation)

Patient asked to 
    swallow various 

foods/liquids under 
live fl uoroscopic 
imaging

Widely available, 
    noninvasive, 

real-time 
visualization of 
bolus though mouth, 
pharynx, larynx, 
and esophagus, 
can test response 
to therapies

Requires transportation 
    to a fl uoroscopy 

suite; does not allow 
endoscopic view 
of anatomic 
abnormalities; 
radiation exposure 

 Fiber-optic endoscopic 
    evaluation of 

swallowing (FEES)

Speech-language 
    pathologist or 

critical care 
practitioner

Small endoscope is 
    passed through the 

nose and swallowing 
is visualized during 
live endoscopic 
imaging

Can be performed 
    at the bedside; 

allows direct 
visualization of the 
pharynx and larynx; 
can assess sensory 
function

Nasal lidocaine 
    enhances comfort 

but can aff ect 
swallowing function; 
may need to be 
reviewed frame by 
frame 

 Manometry Variable (primarily 
   research setting)

A device is inserted 
    into the pharynx/

esophagus and 
pressure is 
recorded during all 
swallowing phases

Direct assessment of 
   muscular function

No standardization; 
    not widely available; 

eff ort dependent 

 Surface 
   electromyography

Variable (primarily 
   research setting)

Electromyographic 
    electrodes placed 

on the skin to 
record activity

Direct assessment of 
   muscular function

No standardization; 
    not widely available; 

eff ort dependent 

 Scintigraphy Variable (primarily 
   research setting)

Radiolabeled food 
    is swallowed and 

location is detected

Direct assessment of 
   aspiration

No standardization; 
    not widely available; 

time-consuming  

demonstrated that moderate or severe dysphagia is 

associated with an increased risk of reintubation, 

pneumonia, and death.  3   However, we acknowledge the 

limits associated with this subjective diagnostic assess-

ment, and would hesitate to use bedside swallow 

evaluations to guide prognostic discussions. Regardless 

of these limitations, however, a bedside swallow evalua-

tion is currently the primary assessment of swallowing 

function in 60% of patients who are recently extubated.  7   

 Two more-defi nitive diagnostic tests are available when 

further assessment of the presence, severity, and 

prognosis of swallowing dysfunction is needed in 

critically ill patients: a videofl uoroscopic swallow study 

(VFSS) and a fi ber-optic endoscopic evaluation of 

swallowing (FEES). Less-frequently used confirma-

tory diagnostic tests include manometry, surface 

electromyography, and scintigraphy (a nuclear medicine 

test) ( Table 1 ). Th ese   tests are primarily reserved for 

research studies and are less-commonly used in the 

clinical setting.     

 A VFSS is commonly referred to as a “modifi ed barium 

swallow,” and requires that a patient be transported from 

the ICU to the fl uoroscopy suite, and then swallow 

barium-containing foods while in a seated position. 

Most oft en, the speech-language pathologist performs 

therapeutic interventions during these swallowing trials. 

Both a speech-language pathologist and a radiologist 

then interpret the VFSS. Despite the transportation 
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concerns, VFSS is sensitive and specifi c for aspiration 

occurring at the time of the examination, and has a 

reasonable interobserver variability when measured in 

non-critically ill patients.  45 - 47   While the VFSS does not 

enable the examiner to see the tissue of the pharynx or 

glottis, it does allow real-time visualization of food 

though the mouth, pharynx, larynx, and esophagus. 

Severity can also be graded on one of several validated 

scales, including the Penetration Aspiration Scale, 

Dysphagia Outcome and Severity Score, and the 

Modifi ed Barium Swallowing Study Tool.  42 , 48 , 49   Findings 

on the these scales may predict patient outcomes, when 

studied in patients without critical illness. For example, 

in one study of a mixed group of inpatients and outpa-

tients, a high Penetration Aspiration Scale was associ-

ated with a higher risk of developing pneumonia 

6 months later.  50   

 First described by Langmore and colleagues  51   in 1998  , 

FEES involves passing a 3.4-mm nasopharyngoscope 

through one nostril into the pharynx to view the glottis. 

Topical lidocaine and a nasal decongestant can be 

administered prior to the passing of the endoscope to 

facilitate patient comfort.  52 , 53   However, an experienced 

provider can perform a FEES without lidocaine and not 

increase patient discomfort.  54   When the endoscope is in 

place, patients swallow food and liquids while the 

endoscopic video is recorded. Upon further review of 

the video, the examiner can observe the presence and 

severity of aspiration or penetration, as defi ned by the 

Penetration-Aspiration Scale.  42   Additionally, while a 

FEES-based diagnostic approach has not been shown to 

aff ect results in critical illness survivors, in patients 

suff ering from an acute stroke, FEES-detected severity of 

aspiration predicts the development of pneumonia and 

the degree of independent living at 3 months.  43   

 While initially developed for use with outpatients, the 

FEES has several distinct advantages in critically ill 

patients. Most importantly, FEES can be performed at 

the bedside rather than requiring transportation to a 

radiology suite. Th e FEES allows direct visualization of 

local trauma and secretions, and allows assessment of 

laryngeal sensory function. Laryngeal sensation can be 

assessed by making contact with diff erent glottic 

structures or using a puff  of air of defi ned pressures 

through an open channel in the endoscope.  55   Addition-

ally, the FEES allows visualization of the movement of 

the pharyngeal and glottic structures, including the 

vocal cords and the proximal trachea. 

 Th e FEES has some important limitations. Th e sensory 

blunting of 1 mL of 4% nasal-administered lidocaine can 

improve patient comfort, but may exacerbate swallowing 

dysfunction.  56   Additionally, the epiglottis covers the 

vocal cords at the precise moment of swallowing. 

Th erefore, the endoscopic picture is briefl y obscured. 

Th e aspiration of food and liquid through the vocal 

cords is assessed by visualizing residual food or water 

below the vocal cords, and requires reviewing a frame-

by-frame video recording of the swallowing evaluation. 

Despite these limitations, FEES has comparable sensitivity 

and interobserver variability to VFSS for the detection 

of aspiration when tested in a group of non-critically ill 

patients.  57 - 61   Limited equipment availability, geographic 

practice variations, and the lack of appropriate speech-

language pathologist training may all be potential 

barriers for the use of FEES in the evaluation of critically 

ill patients. FEES is available in only 41% of the hospitals 

caring for recently extubated patients nationwide, and 

can be performed by a speech-language pathologist.  7   

Even when available, FEES is used infrequently: 15% of 

the time for university affi  liated hospitals and 8% of the 

time for community hospitals.  7     

 When Is an Assessment of Swallowing 
Function Indicated? Which One Should 
I Choose? When Should I Consult a 
Speech-Language Pathologist? 

 Currently, we recommend that extubated patients 

initially receive a relatively sensitive, simply performed 

bedside test, such as a water swallow test. While not 

validated in critically ill patients, the 3-ounce water 

swallow test can be performed easily by critical care 

nursing staff , provided patients are alert and able to 

remain seated in a supported upright position. Patients 

who fail the 3-ounce water test should promptly 

receive consultation from a speech-language patholo-

gist for a more comprehensive diagnostic evaluation. 

Critical care practitioners may also want to risk-stratify 

the diagnostic strategy to detect swallowing dysfunc-

tion and the need for formal consultation from a 

speech-language pathologist based on previously 

identified risk factors associated with a higher 

prevalence of swallowing dysfunction, such as longer 

durations of mechanical ventilation, multiple intuba-

tions, and/or a history of head and neck disorders.  18   

For recently extubated patients at a higher risk of 

swallowing dysfunction, critical care practitioners may 

consider bypassing the 3-ounce water test and begin-

ning the dysphagia evaluation with a complete bedside 

swallow evaluation performed by a speech-language 

pathologist. A proposed diagnostic algorithm   is 

outlined in  Figure 1 .       
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 What Are the Current Treatments for 
Swallowing Dysfunction in Critically Ill 
Patients? 

 Current treatments for patients with swallowing 

dysfunction of any etiology involve dietary texture 

modifi cation, postural changes, compensatory 

maneuvers, therapeutic exercises, and nerve stimulation. 

Working in conjunction with speech-language patholo-

gists, gastroenterologists, otolaryngologists, and 

neurologists, critical care practitioners can use a 

multidisciplinary approach to determine the appropriate 

individualized therapy for each patient.  62   In general, 

most of these treatments are administered by a speech-

language pathologist. Additional therapeutic decisions 

include when to initiate enteral nutrition through 

nasogastric and percutaneous feeding tubes that allow 

appropriate nutrition while bypassing the oropharynx. 

In patients recovering from critical illness, minimizing 

sedation and delirium also plays an important role in 

enabling patients to eat normally.  

 Dietary Texture Modifi cation 

 Using fl uoroscopic guidance, speech-language patholo-

gists determined that aspiration can be reduced by 

modifying dietary textures. Th in liquids are more likely 

to be aspirated due to the relative speed that they travel 

into the oropharynx. To reduce the risk of aspiration, 

commercial thickeners can be added to thin liquids. 

  

  Figure 1 –     Diagnostic algorithm for the assessment of swallowing 
dysfunction in patients recovering from critical illness. FEES  5  fi ber-optic 
endoscopic evaluation of swallowing; NG  5  nasogastric; NPO  5  nil per os; 
PEG  5  percutaneous endoscopic gastrostomy; VFSS  5  videofl uoroscopic 
swallow study.        

However, the use of commercial thickeners has been 

associated with reduction in patient satisfaction, 

reduced intake, and dehydration.  63   Solid foods can also 

be chopped into diff erent consistencies to facilitate 

normal chewing and swallowing. Th ere is confl icting 

evidence concerning the utility of dietary texture 

modifi cation to reduce aspiration and its deleterious 

consequences. In 56 nursing home patients with a 

history of aspiration pneumonia, Groher  64   prospectively 

compared a mechanically soft ened diet and thickened 

liquids with a pureed diet and thin liquids. Over 6 months, 

patients receiving a mechanically soft ened diet with 

thickened liquids had a dramatic reduction in the 

subsequent development of pneumonia (17.4% vs 86.9%, 

 P   ,  .05).  64   In contrast, three subsequent trials of dietary 

texture modifi cation in nursing home patients have 

not demonstrated diff erences in the development of 

pneumonia.  65 - 67   Th ese confl icting results likely stem in 

part from diff erences in study protocols and patient 

populations. Currently, we recommend that clinicians 

making dietary texture decisions communicate directly 

with speech-language pathologists familiar with indi-

vidual patients. Based on each patient’s unique dietary 

preferences, perceived aspiration risk, and tolerance 

for texture modifi cations, clinicians should consider a 

risk/benefi t discussion with patients and their families 

to determine the appropriate diet.   

 Postural Changes, Compensatory Maneuvers, and 

Therapeutic Exercises 

 Both postural changes and compensatory maneuvers 

attempt to reduce the amount of food and liquid that is 

aspirated. Postural changes involve a speech-language 

pathologist’s coaching of a patient to either place his or 

her chin down, or turn his or her head to one side at the 

time of swallowing. Compensatory maneuvers include 

a patient’s attempts to swallow small amounts, swallow 

multiple times, purposely coughing each time aft er 

swallowing, or maintaining the larynx in a superior 

position with a hand at the time of swallowing (referred 

to as the Mendelsohn maneuver). Th erapeutic exercises 

attempt to improve underlying swallowing function. 

Th erapeutic exercises involve progressive strengthening 

and coordination of swallowing muscles. In outpatients 

with chronic swallowing disorders, regular therapeutic 

exercise sessions have demonstrated feasibility and 

benefi t in several small clinical trials.  68 - 70   However, a 

review of therapeutic exercises concluded that these 

studies included patients with heterogenous disorders, 

varied protocols, and diff erent outcome measures.  71   

Th erefore, the effi  cacy of therapeutic exercises is 
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currently uncertain. Th e trial most applicable to patients 

recently extubated involved 306 inpatients with acute 

cerebrovascular accidents and swallowing dysfunction. 

Patients were assigned to one of three   groups: (1) usual 

care without speech-language pathologists, or either a 

(2) high intensity or (3) low intensity of organized 

speech-language pathology interventions, consisting of 

dietary texture modifi cation, compensatory strategies, 

and therapeutic exercises. Patients in the high-intensity 

group received more frequent instruction from speech-

language pathologists and also received more directed 

swallowing exercises. Aft er 6 months, patients receiving 

both low-intensity and high-intensity speech-language 

pathology treatment had a signifi cant reduction in 

swallowing-related medical complications, chest infec-

tion, and death or nursing home admission when 

compared with those only receiving usual care. Further-

more, higher-intensity speech-language pathology care 

was associated with an increased return to normal diet 

aft er 6 months as compared with the lower-intensity 

group.  72   Th ese bundled interventions hold promise and 

should be studied further in other patient populations, 

including those recovering from critical illness.   

 Nerve Stimulation 

 Transcutaneous neuromuscular electrical stimulation 

(NMES) involves placing electrodes on the skin and 

delivering an electrical current to the oropharyngeal 

musculature. In theory, NMES can strengthen muscles 

suff ering from disuse atrophy, while simultaneously 

providing sensory feedback to both cortical and subcor-

tical swallowing centers. However, it is not thought to be 

useful in stimulating muscle contractions in denervated 

muscles.  73   For peripheral muscle weakness, previous 

studies of NMES have yielded mixed results in patients 

recovering from critical illness.  74   Despite being approved 

by the US Food and Drug Administration since 2001, 

there are relatively few randomized controlled trials that 

validate the use of NMES to treat swallowing dysfunc-

tion. Many of these studies have been criticized for study 

design weaknesses and low external validity. As a result, 

many speech language pathologists remain unconvinced 

about the eff ectiveness of NMES to treat swallowing 

dysfunction.  7 , 73 , 75   For example, only 6% of speech-language 

pathologists nationwide commonly use NMES for recently 

extubated patients with swallowing dysfunction.  7      

 Conclusions 

 Based on conservative estimates, swallowing dysfunc-

tion occurs in at least 20% of recently extubated survi-

vors of acute respiratory failure. Unfortunately, the lack 

of a uniformly applied diagnostic algorithm and 

nomenclature for swallowing dysfunction limits the 

applicability of these epidemiology studies. To improve 

the care of swallowing dysfunction in patients recov-

ering from critical illness, future research is necessary in 

several specifi c areas. Th e multidisciplinary critical care 

community needs to develop a standardized algorithm 

for the diagnosis of swallowing dysfunction. Addition-

ally, further investigation is needed to unravel the 

mechanisms responsible for swallowing dysfunction, 

and to develop eff ective therapeutic strategies that 

prevent and treat swallowing dysfunction and ultimately 

ameliorate aspiration-related complications. Specifi cally, 

oropharyngeal decontamination should be further 

investigated as a method to reduce the burden of 

swallowing dysfunction in critically ill patients. Further 

research is also needed to determine the role and benefi t 

of FEES for patients recovering from critical illnesses. 

Finally, many questions still remain regarding the 

optimal duration, timing, and protocol for all therapies, 

including dietary texture modifi cation, therapeutic 

exercises, and nerve stimulation. Bundled therapeutic 

exercises, dietary modifi cation, and speech-language 

pathology sessions have shown promising results and 

should be further studied in patients recovering from 

critical illness.     

 Acknowledgments 
  Financial/nonfi nancial disclosures:  Th e   authors have reported to 
 CHEST  that no potential conflicts of interest exist with any 
companies/organi zations whose products or services may be discussed 
in this article. 

  Role of sponsors:  Th e sponsor had no role in the design of the study, 
the collection and analysis of the data, or the preparation of the 
manuscript.     

 References 
     1.        Vincent     J-L   ,    Akça     S   ,    De Mendonça     A   ,   et al  ;  SOFA Working Group. 

Sequntial organ failure assessment .  Th e epidemiology of acute 
respiratory failure in critically ill patients( * ) .  Chest .  2002 ; 121 ( 5 ):
 1602 - 1609 .  

     2.        Wunsch     H   ,    Linde-Zwirble     WT   ,    Angus     DC   ,    Hartman     ME   , 
   Milbrandt     EB   ,    Kahn     JM   .  Th e epidemiology of mechanical 
ven tilation use in the United States .  Crit Care Med .  2010 ; 38 ( 10 ):
 1947 - 1953 .  

     3.        Macht     M   ,    Wimbish     T   ,    Clark     BJ   ,   et al  .  Postextubation dysphagia is 
persistent and associated with poor outcomes in survivors of critical 
illness .  Crit Care .  2011 ; 15 ( 5 ): R231 .  

     4.        Martino     R   ,    Foley     N   ,    Bhogal     S   ,    Diamant     N   ,    Speechley     M   ,    Teasell     R   . 
 Dysphagia aft er stroke: incidence, diagnosis, and pulmonary 
complications .  Stroke .  2005 ; 36 ( 12 ): 2756 - 2763 .  

     5.        Metheny     NA   ,    Clouse     RE   ,    Chang     Y-H   ,    Stewart     BJ   ,    Oliver     DA   , 
   Kollef     MH   .  Tracheobronchial aspiration of gastric contents in 
critically ill tube-fed patients: frequency, outcomes, and risk factors . 
 Crit Care Med .  2006 ; 34 ( 4 ): 1007 - 1015 .  

     6.      American Speech-Language-Hearing Association .  Report on the 
ASHA Speech-Language Pathology Health Care Survey 2011. SLP 
health care survey summary report: number and type of responses . 
 American Speech-Language-Hearing Association website. 

Downloaded From: http://journal.publications.chestnet.org/ by a Imperial College London User  on 03/15/2015

http://journal.publications.chestnet.org


1688 Contemporary Reviews in Critical Care Medicine [  1 4 6 # 6  C H E S T  D E C E M B E R  2 0 1 4  ]

  http :// www . asha . org / uploadedFiles / HC11 - Summary - Report . pdf  . 
Accessed August 6, 2014.     

     7.        Macht     M   ,    Wimbish     T   ,    Clark     BJ   ,   et al  .  Diagnosis and treatment of 
post-extubation dysphagia: results from a national survey .  J Crit 
Care .  2012 ; 27 ( 6 ): 578 - 586 .  

     8.        Altman     KW   ,    Yu     G-P   ,    Schaefer     SD   .  Consequence of dysphagia in the 
hospitalized patient: impact on prognosis and hospital resources . 
 Arch Otolaryngol Head Neck Surg .  2010 ; 136 ( 8 ): 784 - 789 .  

     9.        Skoretz     SA   ,    Flowers     HL   ,    Martino     R   .  Th e incidence of dysphagia 
following endotracheal intubation: a systematic review .  Chest . 
 2010 ; 137 ( 3 ): 665 - 673 .  

     10.        Barker     J   ,    Martino     R   ,    Reichardt     B   ,    Hickey     EJ   ,    Ralph-Edwards     A   . 
 Incidence and impact of dysphagia in patients receiving prolonged 
endotracheal intubation aft er cardiac surgery .  Can J Surg . 
 2009 ; 52 ( 2 ): 119 - 124 .  

     11.        El Solh     A   ,    Okada     M   ,    Bhat     A   ,    Pietrantoni     C   .  Swallowing disorders 
post orotracheal intubation in the elderly .  Intensive Care Med . 
 2003 ; 29 ( 9 ): 1451 - 1455 .  

     12.        Herridge     MS   ,    Tansey     CM   ,    Matté     A   ,   et al  ;  Canadian Critical Care 
Trials Group .  Functional disability 5 years aft er acute respiratory 
distress syndrome .  N Engl J Med .  2011 ; 364 ( 14 ): 1293 - 1304 .  

     13.        Hopkins     RO   ,    Jackson     JC   .  Long-term neurocognitive function aft er 
critical illness .  Chest .  2006 ; 130 ( 3 ): 869 - 878 .  

     14.        Iwashyna     TJ   ,    Ely     EW   ,    Smith     DM   ,    Langa     KM   .  Long-term cognitive 
impairment and functional disability among survivors of severe 
sepsis .  JAMA .  2010 ; 304 ( 16 ): 1787 - 1794 .  

     15.        Kahn     JM   ,    Benson     NM   ,    Appleby     D   ,    Carson     SS   ,    Iwashyna     TJ   .  Long-
term acute care hospital utilization aft er critical illness .  JAMA . 
 2010 ; 303 ( 22 ): 2253 - 2259 .  

     16.        Nelson     JE   ,    Cox     CE   ,    Hope     AA   ,    Carson     SS   .  Chronic critical illness . 
 Am J Respir Crit Care Med .  2010 ; 182 ( 4 ): 446 - 454 .  

     17.        de Larminat     V   ,    Montravers     P   ,    Dureuil     B   ,    Desmonts     JM   .  Alteration 
in swallowing refl ex aft er extubation in intensive care unit patients . 
 Crit Care Med .  1995 ; 23 ( 3 ): 486 - 490 .  

     18.        Macht     M   ,    Wimbish     T   ,    Bodine     C   ,    Moss     M   .  ICU-acquired swallowing 
disorders .  Crit Care Med .  2013 ; 41 ( 10 ): 2396 - 2405 .  

     19.        Holas     MA   ,    DePippo     KL   ,    Reding     MJ   .  Aspiration and relative risk of 
medical complications following stroke .  Arch Neurol .  1994 ; 51 ( 10 ):
 1051 - 1053 .  

     20.        Kikuchi     R   ,    Watabe     N   ,    Konno     T   ,    Mishina     N   ,    Sekizawa     K   ,    Sasaki     H   . 
 High incidence of silent aspiration in elderly patients with community-
acquired pneumonia .  Am J Respir Crit Care Med .  1994 ; 150 ( 1 ): 251 - 253 .  

     21.        Schmidt     J   ,    Holas     M   ,    Halvorson     K   ,    Reding     M   .  Videofl uoroscopic 
evidence of aspiration predicts pneumonia and death but not 
dehydration following stroke .  Dysphagia .  1994 ; 9 ( 1 ): 7 - 11 .  

     22.        Drakulovic     MB   ,    Torres     A   ,    Bauer     TT   ,    Nicolas     JM   ,    Nogué     S   ,    Ferrer     M   . 
 Supine body position as a risk factor for nosocomial pneumonia in 
mechanically ventilated patients: a randomised trial .  Lancet . 
 1999 ; 354 ( 9193 ): 1851 - 1858 .  

     23.        Orozco-Levi     M   ,    Torres     A   ,    Ferrer     M   ,   et al  .  Semirecumbent position 
protects from pulmonary aspiration but not completely from 
gastroesophageal refl ux in mechanically ventilated patients .  Am J 
Respir Crit Care Med .  1995 ; 152 ( 4 Pt 1 ): 1387 - 1390 .  

     24.        Gleeson     K   ,    Eggli     DF   ,    Maxwell     SL   .  Quantitative aspiration during 
sleep in normal subjects .  Chest .  1997 ; 111 ( 5 ): 1266 - 1272 .  

     25.        Bryant     LR   ,    Trinkle     JK   ,    Mobin-Uddin     K   ,    Baker     J   ,    Griff en     WO     Jr   . 
 Bacterial colonization profi le with tracheal intubation and 
mechanical ventilation .  Arch Surg .  1972 ; 104 ( 5 ): 647 - 651 .  

     26.        Estes     RJ   ,    Meduri     GU   .  Th e pathogenesis of ventilator-associated 
pneumonia: I. Mechanisms of bacterial transcolonization and 
airway inoculation .  Intensive Care Med .  1995 ; 21 ( 4 ): 365 - 383 .  

     27.        Johanson     WG   ,    Pierce     AK   ,    Sanford     JP   .  Changing pharyngeal bacterial 
fl ora of hospitalized patients. Emergence of gram-negative bacilli . 
 N Engl J Med .  1969 ; 281 ( 21 ): 1137 - 1140 .  

     28.        de Smet     AM   ,    Kluytmans     JA   ,    Cooper     BS   ,   et al  .  Decontamination of 
the digestive tract and oropharynx in ICU patients .  N Engl J Med . 
 2009 ; 360 ( 1 ): 20 - 31 .  

     29.        Goldsmith     T   .  Evaluation and treatment of swallowing disorders 
following endotracheal intubation and tracheostomy .  Int Anesthesiol 
Clin .  2000 ; 38 ( 3 ): 219 - 242 .  

     30.        DePippo     KL   ,    Holas     MA   ,    Reding     MJ   .  Validation of the 3-oz water 
swallow test for aspiration following stroke .  Arch Neurol . 
 1992 ; 49 ( 12 ): 1259 - 1261 .  

     31.        Wu     M-C   ,    Chang     Y-C   ,    Wang     T-G   ,    Lin     LC   .  Evaluating swallowing 
dysfunction using a 100-ml water swallowing test .  Dysphagia . 
 2004 ; 19 ( 1 ): 43 - 47 .  

     32.        Suiter     DM   ,    Leder     SB   .  Clinical utility of the 3-ounce water swallow 
test .  Dysphagia .  2008 ; 23 ( 3 ): 244 - 250 .  

     33.        Daniels     SK   ,    Anderson     JA   ,    Willson     PC   .  Valid items for screening 
dysphagia risk in patients with stroke: a systematic review .  Stroke . 
 2012 ; 43 ( 3 ): 892 - 897 .  

     34.        Schepp     SK   ,    Tirschwell     DL   ,    Miller     RM   ,    Longstreth     WT     Jr   . 
 Swallowing screens aft er acute stroke: a systematic review .  Stroke . 
 2012 ; 43 ( 3 ): 869 - 871 .  

     35.        Steele     CM   ,    Molfenter     SM   ,    Bailey     GL   ,   et al  .  Exploration of the 
utility of a brief swallow screening protocol with comparison to 
concurrent videofl uoroscopy .  Can J Speech Lang Pathol Audiol . 
 2011 ; 35 ( 3 ): 228 - 242 .  

     36.        McCullough     GH   ,    Wertz     RT   ,    Rosenbek     JC   ,    Mills     RH   ,    Ross     KB   , 
   Ashford     JR   .  Inter- and intrajudge reliability of a clinical examination 
of swallowing in adults .  Dysphagia .  2000 ; 15 ( 2 ): 58 - 67 .  

     37.        McCullough     GH   ,    Wertz     RT   ,    Rosenbek     JC   .  Sensitivity and specifi city 
of clinical/bedside examination signs for detecting aspiration in 
adults subsequent to stroke .  J Commun Disord .  2001 ; 34 ( 1-2 ):
 55 - 72 .  

     38.        Ramsey     DJC   ,    Smithard     DG   ,    Kalra     L   .  Early assessments of dysphagia 
and aspiration risk in acute stroke patients .  Stroke .  2003 ; 34 ( 5 ):
 1252 - 1257 .  

     39.      Agency for Healthcare Research and Quality .  Diagnosis and treat ment 
of swallowing disorders in acute-care stroke patients. Summary, 
evidence report/technology assessment .  National Institutes of 
Health website.   http :// www . ncbi . nlm . nih . gov / books / NBK11901 / . 
Published 1999. Accessed August 6, 2014 .    

     40.        Garon     BR   ,    Sierzant     T   ,    Ormiston     C   .  Silent aspiration: results of 
2,000 video fl uoroscopic evaluations .  J Neurosci Nurs .  2009 ; 41 ( 4 ):
 178 - 185 .  

     41.        Hafner     G   ,    Neuhuber     A   ,    Hirtenfelder     S   ,    Schmedler     B   ,    Eckel     HE   . 
 Fiberoptic endoscopic evaluation of swallowing in intensive care 
unit patients .  Eur Arch Otorhinolaryngol .  2008 ; 265 ( 4 ): 441 - 446 .  

     42.        Rosenbek     JC   ,    Robbins     JA   ,    Roecker     EB   ,    Coyle     JL   ,    Wood     JL   . 
 A penetration-aspiration scale .  Dysphagia .  1996 ; 11 ( 2 ): 93 - 98 .  

     43.        Warnecke     T   ,    Ritter     MA   ,    Kroger     B   ,   et al  .  Fiberoptic endoscopic 
Dysphagia severity scale predicts outcome aft er acute stroke . 
 Cerebrovasc Dis .  2009 ; 28 ( 3 ): 283 - 289 .  

     44.      American Speech-Language-Hearing Association .  National Outcomes 
Measurement System (NOMS) .  American Speech-Language- 
Hearing Association website.   http :// www . asha . org / Members /
 research / NOMS / . Published 2013. Accessed April 28, 2013 .  

     45.        McCullough     GH   ,    Wertz     RT   ,    Rosenbek     JC   ,    Mills     RH   ,    Webb     WG   , 
   Ross     KB   .  Inter- and intrajudge reliability for videofl uoroscopic 
swallowing evaluation measures .  Dysphagia .  2001 ; 16 ( 2 ): 110 - 118 .  

     46.        Scott     A   ,    Perry     A   ,    Bench     J   .  A study of interrater reliability when 
using videofl uoroscopy as an assessment of swallowing .  Dysphagia . 
 1998 ; 13 ( 4 ): 223 - 227 .  

     47.        Stoeckli     SJ   ,    Huisman     TA   ,    Seifert     B   ,    Martin-Harris     BJ   .  Interrater 
reliability of videofl uoroscopic swallow evaluation .  Dysphagia . 
 2003 ; 18 ( 1 ): 53 - 57 .  

     48.        Martin-Harris     B   ,    Brodsky     MB   ,    Michel     Y   ,   et al  .  MBS measurement 
tool for swallow impairment—MBSImp: establishing a standard . 
 Dysphagia .  2008 ; 23 ( 4 ): 392 - 405 .  

     49.        O’Neil     KH   ,    Purdy     M   ,    Falk     J   ,    Gallo     L   .  Th e Dysphagia Outcome and 
Severity Scale .  Dysphagia .  1999 ; 14 ( 3 ): 139 - 145 .  

     50.        Pikus     L   ,    Levine     MS   ,    Yang     Y-X   ,   et al  .  Videofl uoroscopic studies of 
swallowing dysfunction and the relative risk of pneumonia .  AJR Am 
J Roentgenol .  2003 ; 180 ( 6 ): 1613 - 1616 .  

     51.        Langmore     SE   ,    Schatz     K   ,    Olsen     N   .  Fiberoptic endoscopic examination 
of swallowing safety: a new procedure .  Dysphagia .  1988 ; 2 ( 4 ):
 216 - 219 .  

     52.        Sadek     SA   ,    De     R   ,    Scott     A   ,    White     AP   ,    Wilson     PS   ,    Carlin     WV   .  Th e 
efficacy of topical anaesthesia in flexible nasendoscopy: a 

Downloaded From: http://journal.publications.chestnet.org/ by a Imperial College London User  on 03/15/2015

http://www.asha.org/uploadedFiles/HC11-Summary-Report.pdf
http://www.asha.org/Members/research/NOMS/
http://www.ncbi.nlm.nih.gov/books/NBK11901/


1689journal.publications.chestnet.org

double-blind randomised controlled trial .  Clin Otolaryngol Allied 
Sci .  2001 ; 26 ( 1 ): 25 - 28 .  

     53.      Sunkaraneni VS, Jones SE. Topical anaesthetic or vasoconstrictor 
preparations for fl exible fi bre-optic nasal pharyngoscopy and 
laryngoscopy.  Cochrane Database Syst Rev . 2011;(3):CD005606 .  

     54.        Kamarunas     EE   ,    McCullough     GH   ,    Guidry     TJ   ,    Mennemeier     M   , 
   Schluterman     K   .  Eff ects of topical nasal anesthetic on fi beroptic 
endoscopic examination of swallowing with sensory testing 
(FEESST) .  Dysphagia .  2014 ; 29 ( 1 ): 33 - 43 .  

     55.        Perlman     PW   ,    Cohen     MA   ,    Setzen     M   ,   et al  .  Th e risk of aspiration of 
pureed food as determined by fl exible endoscopic evaluation of 
swallowing with sensory testing .  Otolaryngol Head Neck Surg . 
 2004 ; 130 ( 1 ): 80 - 83 .  

     56.        Lester     S   ,    Langmore     SE   ,    Lintzenich     CR   ,   et al  .  Th e eff ects of topical 
anesthetic on swallowing during nasoendoscopy .  Laryngoscope . 
 2013 ; 123 ( 7 ): 1704 - 1708 .  

     57.        Colodny     N   .  Interjudge and intrajudge reliabilities in fi beroptic 
endoscopic evaluation of swallowing (fees) using the penetration-
aspiration scale: a replication study .  Dysphagia .  2002 ; 17 ( 4 ):
 308 - 315 .  

     58.        Kelly     AM   ,    Leslie     P   ,    Beale     T   ,    Payten     C   ,    Drinnan     MJ   .  Fibreoptic 
endoscopic evaluation of swallowing and videofl uoroscopy: does 
examination type infl uence perception of pharyngeal residue 
severity?   Clin Otolaryngol .  2006 ; 31 ( 5 ): 425 - 432 .  

     59.        Kelly     AM   ,    Drinnan     MJ   ,    Leslie     P   .  Assessing penetration and aspiration: 
how do videofl uoroscopy and fi beroptic endoscopic evaluation of 
swallowing compare?   Laryngoscope .  2007 ; 117 ( 10 ): 1723 - 1727 .  

     60.        Leder     SB   ,    Acton     LM   ,    Lisitano     HL   ,    Murray     JT   .  Fiberoptic endoscopic 
evaluation of swallowing (FEES) with and without blue-dyed food . 
 Dysphagia .  2005 ; 20 ( 2 ): 157 - 162 .  

     61.        Rao     N   ,    Brady     SL   ,    Chaudhuri     G   ,    Donzelli     JJ   ,    Wesling     MW   .  Gold-
standard? Analysis of the videofl uoroscopic and fi beroptic 
endoscopic swallow examinations .  J Applied Res .  2003 ; 3 ( 1 ) 1 - 8 .    

     62.        Logemann     JA   .  Multidisciplinary management of dysphagia .  Acta 
Otorhinolaryngol Belg .  1994 ; 48 ( 2 ): 235 - 238 .  

     63.        Macqueen     C   ,    Taubert     S   ,    Cotter     D   ,    Stevens     S   ,    Frost     G   .  Which 
commercial thickening agent do patients prefer?   Dysphagia . 
 2003 ; 18 ( 1 ): 46 - 52 .  

     64.        Groher     ME   .  Bolus management and aspiration pneumonia in patients 
with pseudobulbar dysphagia .  Dysphagia .  1987 ; 1 ( 4 ): 215 - 216 .  

     65.        DePippo     KL   ,    Holas     MA   ,    Reding     MJ   ,    Mandel     FS   ,    Lesser     ML   . 
 Dysphagia therapy following stroke: a controlled trial .  Neurology . 
 1994 ; 44 ( 9 ): 1655 - 1660 .  

     66.        Logemann     JA   ,    Gensler     G   ,    Robbins     J   ,   et al  .  A randomized study 
of three interventions for aspiration of thin liquids in patients 
with dementia or Parkinson’s disease .  J Speech Lang Hear Res . 
 2008 ; 51 ( 1 ): 173 - 183 .  

     67.        Robbins     J   ,    Gensler     G   ,    Hind     J   ,   et al  .  Comparison of 2 interventions 
for liquid aspiration on pneumonia incidence: a randomized trial . 
 Ann Intern Med .  2008 ; 148 ( 7 ): 509 - 518 .  

     68.        Carnaby-Mann     GD   ,    Crary     MA   .  McNeill dysphagia therapy program: 
a case-control study .  Arch Phys Med Rehabil .  2010 ; 91 ( 5 ): 743 - 749 .  

     69.        Duarte     VM   ,    Chhetri     DK   ,    Liu     YF   ,    Erman     AA   ,    Wang     MB   .  Swallow 
preservation exercises during chemoradiation therapy maintains 
swallow function .  Otolaryngol Head Neck Surg .  2013 ; 149 ( 6 ):
 878 - 884 .  

     70.        Logemann     JA   ,    Rademaker     A   ,    Pauloski     BR   ,   et al  .  A randomized 
study comparing the Shaker exercise with traditional therapy: a 
preliminary study .  Dysphagia .  2009 ; 24 ( 4 ): 403 - 411 .  

     71.        Speyer     R   ,    Baijens     L   ,    Heijnen     M   ,    Zwijnenberg     I   .  Eff ects of therapy 
in oropharyngeal dysphagia by speech and language therapists: a 
systematic review .  Dysphagia .  2010 ; 25 ( 1 ): 40 - 65 .  

     72.        Carnaby     G   ,    Hankey     GJ   ,    Pizzi     J   .  Behavioural intervention for 
dysphagia in acute stroke: a randomised controlled trial .  Lancet 
Neurol .  2006 ; 5 ( 1 ): 31 - 37 .  

     73.        Carnaby-Mann     GD   ,    Crary     MA   .  Examining the evidence on 
neuromuscular electrical stimulation for swallowing: a meta-
analysis .  Arch Otolaryngol Head Neck Surg .  2007 ; 133 ( 6 ): 564 - 571 .  

     74.        Parry     SM   ,    Berney     S   ,    Granger     CL   ,    Koopman     R   ,    El-Ansary     D   , 
   Denehy     L   .  Electrical muscle stimulation in the intensive care 
setting: a systematic review .  Crit Care Med . 
 2013 ; 41 ( 10 ): 2406 - 2418 .  

     75.        Clark     H   ,    Lazarus     C   ,    Arvedson     J   ,    Schooling     T   ,    Frymark     T   .  Evidence-
based systematic review: eff ects of neuromuscular electrical 
stimulation on swallowing and neural activation .  Am J Speech Lang 
Pathol .  2009 ; 18 ( 4 ): 361 - 375 .    

Downloaded From: http://journal.publications.chestnet.org/ by a Imperial College London User  on 03/15/2015

http://journal.publications.chestnet.org

