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Background: Stroke is the most frequent cause of neurogenic oropharyngeal dys-

phagia (NOD). In the acute phase of stroke, the frequency of NOD is greater

than 50% and, half of this patient population return to good swallowing within

14 days while the other half develop chronic dysphagia. Because dysphagia leads

to aspiration pneumonia, malnutrition, and in-hospital mortality, it is important to

pay attention to swallowing problems. The question arises if a prediction of severe

chronic dysphagia is possible within the first 72 hours of acute stroke.Methods:On

admission to the stroke unit, all stroke patients were screened for swallowing prob-

lems by the nursing staff within 2 hours. Patients showing signs of aspiration were

included in the study (n 5 114) and were given a clinical swallowing examination

(CSE) by the swallowing/speech therapist within 24 hours and a swallowing

endoscopy within 72 hours by the physician. The primary outcome of the study

was the functional communication measure (FCM) of swallowing (score 1-3,

tube feeding dependency) on day 90. Results: The grading system with the FCM

swallowing and the penetration–aspiration scale (PAS) in the first 72 hours was

tested in a multivariate analysis for its predictive value for tube feeding–depen-

dency on day 90. For the FCM level 1 to 3 (P , .0022) and PAS level 5 to 8 (P ,
.00001), the area under the curve (AUC) was 72.8% and showed an odds ratio of

11.8 (P , .00001; 95% confidence interval 0.036-0.096), achieving for the patient

a 12 times less chance of being orally fed on day 90 and therefore still being tube

feeding–dependent. Conclusions: We conclude that signs of aspiration in the first

72 hours of acute stroke can predict severe swallowing problems on day 90. Con-

sequently, patients should be tested on admission to a stroke unit and evaluated

with established dysphagia scales to prevent aspiration pneumonia and malnutri-

tion. A dysphagia program can lead to better communicationwithin the stroke unit

team to initiate the appropriate diagnostics and swallowing therapy as soon as

possible. Key Words: Acute stroke—aspiration pneumonia—neurogenic

dysphagia—stroke unit—swallowing endoscopy—swallowing examination.
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Table 1. Modified swallowing assessment (MSA) according

to Perry et al 16

A. Swallowing checklist

a. Is the patient alert and responding to speech?

b. Can the patient cough when asked to?

c. Is the patient able to maintain some control of saliva?

d. Is the patient able to lick their top and bottom lips?

e. Is the patient able to breathe freely (i.e., has no

problem breathing without assistance and maintaining

adequate oxygen saturation)?

f. Are signs of a wet- or hoarse-sounding voice absent?

B. Swallowing test with water (terminate assessment if ‘‘

yes’’ for any function)

a. No evident swallowing activity?

b. Water leaks out of the mouth?

c. Coughing/throat clearing?

d. Increase in respiratory rate?

e. Wet/gurgly voice 1 minute immediately after

swallowing?

f. Have you doubts or a bad impression?
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Introduction

Evidence exists that bronchopneumonia is a frequent

complication in the first days after stroke and that it is

associated with a higher rate of mortality and increased

long-term impairment.1 Up to 20% of stroke patients

who are admitted to a stroke unit suffer from early pneu-

monia after a stroke.2,3 Studies show that 60% of

acute stroke patients with dysphagia suffer from silent

aspiration, with the consequence of increased morbidity

and mortality. Neurogenic oropharyngeal dysphagia

(NOD) is considered a marker for the prognosis of

stroke.4-6 Walter et al3 identified independent clinical pre-

dictors of pneumonia: the presence of dysphagia with

a relative risk (RR) of 9.9, the existence of a severe neuro-

logic deficit (National Institutes of Health Stroke Scale

[NIHSS] score$10) with a RR of 6.6 and signs of an infec-

tion (e.g., elevated level of c-reactive protein on admis-

sion) with a RR of 3.8. The location of the brain infarct

also had an influence on the risk of pneumonia because

it increased with the existence of a basal ganglia infarct

(RR 5 3.1). These findings could be confirmed in a fol-

low-up study of dysphagic stroke patients.7 Prospective

studies linked certain cerebral infarct localizations with

specific, clinically and endoscopically characterized

patterns of dysphagia. Right parietotemporal cerebral

infarcts were associated with an attention deficit, left-

sided middle cerebral artery (MCA) infarcts with bucco-

facial apaxia, cerebral infarcts in the region of the upper

motoneuron with orofacial paresis, and lateral medullary

brainstem infarcts with an inadequate opening of the up-

per esophagus sphincter (UES) during swallowing.8-10

Data obtained regarding the outcome after an acute

stroke with severe neurogenic dysphagia show that spe-

cific swallowing observations11 can provide important

information, in order to effectively plan the further use

of diagnostic and therapeutic measures regarding

NOD. Studies demonstrated that stroke mortality during

a 2-year investigation correlates significantly with signs

of aspiration in the clinical swallowing examination

(CSE) and with signs of aspiration in the videofluoro-

scopic swallowing evaluation (VFS).12 These studies

were designed in a neurorehabilitation setting 10 days

post-stroke. For our prospective study in an acute stroke

unit setting we established a dysphagia program to

identify patients with neurogenic oropharyngeal dys-

phagia (NOD) and nursing staff, swallowing/speech

therapists and physicians were trained according to

the NOD step-wise concept enabling them to initiate

the appropriate dysphagia diagnostics and therapy.13,14

Since half of acute stroke patients recover from

neurogenic dysphagia spontaneously within 14 days

while the other half stay chronic4,8,15 the null

hypothesis of this study was that an early prediction

of outcome within 72 hours of acute stroke isn’t

sufficiently possible.
Methods

During a 6-month recruiting phase in a comprehensive

stroke unit center, patients were screened for signs of as-

piration by nursing staff within 2 hours of admission.14

Stroke patients who showed signs of aspiration according

to Perry et al.16 were included in the study (Table 1).

The investigation protocol was authorized by the Ethics

Commission of the Dresden University of Technology

(EK 246112006). Informed consent was carried out with

all patients (if necessary, in the presence of the statutory

guardian), and all data were recorded by a certified study

nurse using computer-supported data collection in

accordance with good clinical practice guidelines. For

the 90-day outcome measure, a standardized telephone

interview was performed using the swallowing func-

tional communication measure (FCM).17,18 Following

the guidelines of the German Stroke Society (www.

info-dsg.de), patients were treated on the stroke unit

until transfer of the patient for early rehabilitation.14

The status of all stroke patients was monitored using

the NIHSS,19 the functional independence measure

(FIM), and the Barthel Index, an 18-part functional assess-

ment that measures the independence of the patient in

carrying out tasks involved in taking food, care, getting

dressed, keeping clean, mobility, and the ability to recog-

nize.20 The vital parameters were measured every 6 hours

with control of cardiovascular parameters, blood

pressure, heart rate, temperature, oxygen saturation,

continual electrocardiographic monitoring, and a pneu-

monia assessment15 within the context of the neurological

complex treatment (German Procedure Standard [OPS]

8-981). The duration of the complex treatment was more

than 72 hours (OPS 8-981.1), and the overall degree of

swallowing impairment was documented using the

http://www.info-dsg.de
http://www.info-dsg.de
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clinical swallowing examination (CSE) that was carried

out by a swallowing therapist within 24 hours, followed

by a flexible transnasal swallowing (FTS) endoscopy by

a physician within 72 hours. On completion of the CSE

investigation, the clinical extent of the swallowing

impairment was specified as a swallowing FCM score

(Table 2).21

In this way, on the basis of the clinical examination the

swallowing therapist can score, whether the swallowing

function is completely undisturbed (FCM 7) or if there is

a severe disruption of swallowing function that makes it
Table 2. Swallowing functional communication measure

according to the American Speech-Language-Hearing

Association21

Score Clinical signs

1 The patient is not able to swallow anything

safely. All nutrition and hydration is

received through nonoral means (e.g.,

nasogastric or percutaneous endoscopic

gastrostomy tube)

2 The patient is not able to swallow safely by

mouth for nutrition and hydration, but may

take some consistencies with consistent

maximal cues in therapy only. Alternative

methods of feeding required

3 Alternative methods of feeding required,

because patient takes ,50% of necessary

nutrition and hydration by mouth, and/or

swallowing is safe with consistent use of

moderate cues to use compensatory

swallowing strategies, and/or requires

maximum dietary restriction

4 Swallowing is safe, but at least one of the

following applies: usually requires

moderate cues to use compensatory

strategies, has moderate diet restrictions,

still requires tube feeding or supplements

5 Swallowing is safe with minimal diet

restriction and/or occasionally requires

minimal cueing to use compensatory

swallowing strategies. The individual may

occasionally self-cue. All nutrition and

hydration needs are met by mouth at

mealtime

6 Swallowing is safe, the patient eats and drinks

independently, and rarely require minimal

cueing. The patient usually self-cues when

difficulty occurs. May need to avoid

specific food items (e.g., popcorn and nuts)

or take more time to eat because of the

dysphagia

7 The patients ability to eat independently is not

limited by swallow function. Swallowing is

safe and efficient for all consistencies.

Compensatory strategies are effectively

used when needed
completely or partly necessary to utilize tube feeding

(FCM 3-1). The FCM assesses 11 clinical areas that in-

clude communication and swallowing with a range on

a 7-point scale from the least functional level (FCM 1)

to the most functional level (FCM 7). This method is

used worldwide to describe the functional disorder

pattern involved in the course of speech/language/

swallowing interventions.

The swallowing endoscopy was carried out by

a physician together with the swallowing therapist with

a flexible endoscope22,23 that allows direct observation of

swallowing. A number of studies have shown that this

procedure is safe, and there are only few discomforts for

the patient, even in the acute phase of stroke.24,25 The

video documentation allows a frame by frame analysis

and assessment by a number of investigators. It is

recommended to use the distribution of severity in

accordance with the penetration–aspiration scale (PAS)

presented by Rosenbek et al.13,26 The worst PAS value

within the scope of the swallowing endoscopy was

documented (Table 3).

Based on the assessments, further diagnostic and

therapeutic steps can be discussed by the team to adapt

the dysphagia program. The NOD step-wise concept is

designed to pass on consistent information that will

lead to a specific texture modified diet (TMD), so that

an adequate form of nutrition can be quickly found as

a first therapeutical step: if there is no restriction at all,

an NOD grade of 0 is given (no dysphagia) (i.e., the

patient can be fed with a normal diet 5 ND. When the
Table 3. Penetration–aspiration scale according to

Rosenbek26

Score Clinical sign

1 Material does not enter the airway (airway

here means larynx and trachea)

2 Material enters the airway, remains above

the vocal folds, and is ejected from the

airway

3 Material enters the airway, remains above

the vocal folds, and is not ejected from the

airway

4 Material enters the airway, contacts the

vocal folds, and is ejected from the airway

5 Material enters the airway, contacts the

vocal folds and is not ejected from the

airway

6 Material enters the airway, passes below the

vocal folds, and is ejected into the larynx

or out of the airway

7 Material enters the airway, passes below the

vocal folds, and is not ejected from the

trachea despite effort

8 Material enters the airway, passes below the

vocal folds, and no effort is made to eject
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patient has ‘‘mild dysphagia’’ (NOD grade 1), there is at

least some disorder of bolus transport and restrictions

and feeding under supervision are indicated (restricted

diet 5 RD). A NOD grade of 2 (moderate dysphagia)

means that dietary restrictions will be necessary and

fluids need to be thickened (soft-cooked diet 5 SD).

With ‘‘severe dysphagia’’ (grade 3), there is often a danger

of penetration/aspiration, so that nutrition should be

given mostly via a feeding tube (pureed diet 5 PD). In

‘‘massive dysphagia’’ (NOD grade of 4), there is danger

of aspiration and food should only be administered

therapeutically to the patient by the swallowing therapist
and a complete parenteral feeding via feeding tube (noth-

ing per os 5 NPO) is necessary (Fig 1).
Statistics

The primary endpoint of the study was the swallowing

function (FCM 1-3 5 tube feeding–dependency) on day

90 after acute dysphagic stroke. Univariate analyses

were carried out using the 2-arm t test and the Fisher ex-

act test (i.e., a parametric test for independent samples

and interval data with a 2-group analysis for testing the

difference hypothesis tube feeding–dependency [FCM
Figure 1. Summary of findings (SFC)

within the neurogenic oropharyngeal

dysphag study protocol.14
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1-3] vs non-tube feeding–dependency [FCM 4-7]). In

order to examine the univariate relationship between

predictive factors after acute dysphagic stroke and the

results, the Spearman correlation coefficient was used

for testing: (1) functional communication measure swal-

lowing (within 24 hours) and (2) PAS (within 72 hours).

Logistic regression analyses were carried out in order to

assess the simultaneous influence of multiple variables,

including age, gender, stroke category, and stroke loca-

tion. It was hypothesized that signs of aspiration in the

CSE and swallowing endoscopy after acute stroke is a pre-

dictor for long-term tube feeding–dependency assessed

by the swallowing FCM on day 90 poststroke. The study

was carried out in accordance with the recommendations

of the German Society for Medical Informatics, Biometry

and Epidemiology. The question of whether there are

significant differences between the documented target

variables was tested by the multiple sample test for

related samples data (Friedman analysis of variance)

and supplemented by a subsequent localization test

(paired samples according to Wilcoxon).27 A significance

level of 5% was set for all test conditions.
Results

One hundred fourteen acute stroke patients were in-

cluded in the study. Seventy-three patients were older

than 70 years of age. More than 90% (90.4%) had suffered

an ischemic brain infarct, and 9.6% had intracerebral

bleeding with an overall mean length of stay in the acute

hospital of 8.2 days (Table 4).

For the prediction of outcome on day 90, patients with

a FCM score of 1 to 3 (tube feeding–dependency) were

compared to patients with a FCM score of 4 to 7 (non-

tube feeding–dependency). In the context of the dyspha-

gia program we assessed the patients in the first 72 hours

after stroke for signs of aspiration with a CSE (FCM level

1-3; P , .0022) and swallowing endoscopy (PAS level 5-8;

P , .00001). In a multivariate model, the predictive value

of these two variables (FCM and PAS) was displayed in

an AUC of 72.8%. The receiver operating characteristics

show in the analysis an odds ratio of 11.8 (P , .00001;
Table 4. Basic characteristics

Stroke patients with signs of aspiration (n 5 114)

FCM

Age .70 y

Female

Infarct

Anterior circulation

Left-sided

*P , .05 was considered statistically significant.
95% confidence interval 0.036-0.096) to achieve a 12 times

less chance for the patient being orally fed on day 90 and

therefore being still tube feeding–dependent (Fig 2). Mul-

tivariate adjustments were performed for age, gender,

stroke category, and stroke location according to the im-

aging data.
Discussion

As different studies have shown,16,28 it is already

possible to identify patients with swallowing problems

using a nursing assessment that can detect an increased

risk of aspiration caused by NOD. With a substantial

restriction in oral intake, which should be recognized on

admission to the stroke unit, the risk of aspiration

pneumonia within the first days of stroke unit care can

be reduced.13,29 Therefore, morbidity and in-hospital

mortality can be reduced.14 In order to keep the time of

first dysphagia diagnosis as short as possible and to

ensure an initial attention on weekends, stroke nurses, di-

eticians and swallowing therapists need to be uniformly

trained in the different steps of a dysphagia program.30

International scales should be used to express the severity

of neurologic swallowing impairments because, for exam-

ple, ‘‘swallowing FCM’’ can be considered a reliable pre-

dictive factor for the outcome of swallowing function

and can be used in a standardized telephone inter-

view.12,17,21 Our study results show for the first time

that a dysphagia program can predict the swallowing

outcome within 72 hours of acute stroke treatment.

Therefore, a better way to earlier distinguish transient

from chronic dysphagia is possible, so that therapeutic

steps and resources can be planned more specifically

and according to the necessary neurorehabilitation plan.

For each consistency, tests were performed looking

for a predeglutitive overflow, leaking, residues or the

premature appearance of substances in the pharynx with

and without signs of aspiration.31 Our prospective study

demonstrated that a bedside clinical swallowing examina-

tion (CSE) combined with a swallowing endoscopy can

allow a reasonable prediction (72.8%, OR 11.8.) of those

stroke patients still requiring supplemental tube feeding
of the study population

Swallowing functional communication

measure score at 90 days poststroke

1-3 4-7 P*
79.8% 71.3% .4259

50.1% 47.9% .8627

85.4% 91.5% .3721

85.2% 79.8% .5916

60.1% 44.7% .4596
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Figure 2. Receiver operating characteristic analysis in a multivariate

prediction model using the functional communication measure and

penetration–aspiration scale within 72 hours after stroke unit admission.
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90 days post-stroke. Studies32,33,34 reported that the early

and correct determination of ‘‘aspirators’’ is possible, but

indicated that clinical examinations should be supported

by equipment-based tests—since with a nursing assess-

ment 37% to 45%, a CSE 51% to 55%, and an equipment-

based test 64% to 78% of dysphagic stroke patients could

be correctly diagnosed with neurogenic dysphagia. Only

50% of patients who aspirate are found in the initial

CSE, because statements about the pharyngeal phase are

inconsistently made.32,35,36 In addition to the reduced

oral bolus control and the disrupted swallowing reflex,

the pharyngeal function is the main task for equipment-

based diagnostics. Using mobile computer systems, it is

possible to perform swallowing endoscopy as a bedside

examination (e.g., in intensive care units, or, stroke units).

Because swallowing endoscopy is only a mild burden for

the patient, it is also ideal for therapeutic evaluation of the

dysphagia treatment concept. The results of the dysphagia

program can be documented in a standardized examina-

tion protocol so that both observations at rest andwith dif-

ferent consistencies can be assessed and documented

properly with reference to the functional communication

measure swallowing (FCM) and the penetration-aspira-

tion scale (PAS).12,13,36,37

Because dysphagia is one of the decisive causes of aspi-

ration pneumonia in stroke patients, it is considered an

important marker for morbidity and mortality. Therefore,

early diagnostic of and therapy options for dysphagia

have become increasingly important in medical care pro-

vided by stroke units or neurorehabilitation facilities.14

The study proved that patients with severe to massive

swallowing problems in the acute stroke phase (within

72 hours) with a corresponding swallowing FCM score of

1 to 3 and a PAS level of 5 to 8 mostly retain a swallowing

deficit and do not sufficiently recover until completion of
the rehabilitation phase, so that this can be referred early

to a specific patient population with chronic dysphagia

problems. Interestingly in our study 86% of patients

who showed no confirmed signs of aspiration in the first

72 hours (FCM 4-6, PAS 2-4) developed only a mild disor-

der of swallowing (FCM 5-6; P 5 .017) on day 90. With

a substantial restriction in orally intake, which should

be recognized already in the first hours on admission,

the risk of aspiration pneumonia within the first days of

the stroke unit care can be reduced. Tube feeding should

always be considered to be a form of medical treatment

and this requires both a clear indication from the medical

point of view, as well as, the authorization by the the pa-

tient or their representatives. Since in stroke patients, the

feeling of hunger and thirst often remains unchanged,

a reduction in solid or liquid food should therefore be

considered to be clearly unethical. For stroke patients,

the first application of a feeding tube (nasagestric tube)

is always part of the therapy, with the option of

removing the tube when the ‘‘swallowing system’’ has

recovered once again. The application of a feeding tube

is not equated with the end of the swallowing therapy

but, in fact, the basis for supplying the organism with

energy in order to make collaboration in all forms of

therapy possible.
Conclusion

An important first step in swallowing therapy, a form

of diet, should be laid down in a matched concept with

the help of a dysphagia program to indicate which tex-

ture modified diet (TMD) can be given. This is of good

value in the context of passing on consistent information

to the physicians, swallowing/speech therapists, nurs-

ing staff, dieticians and kitchen personnel. If appropri-

ate, together they can lay down the first decisions

about the nutritional aspects and the main issue is, that

in danger of aspiration nothing per os (NPO) should be

considered. In the event of mild to moderate swallowing

difficulties a certain texture modified diet (TMD)

with restrictions on consistency (soft-cooked or pureed

food) can be recommended in advance. Therefore

further diagnosis and management of neurogenic

dysphagia needs a multidisciplinary approach. A stan-

dardized dysphagia program in a stroke unit or neurore-

habilitative facility can contribute in good time to

reestablishing oral feeding without endangering the pa-

tient, and leads in the end to a better quality of

life.4,30,38,39 Moreover, validated dysphagia tests will

detect dysphagic stroke patients and manage the

respective therapy more efficiently to these critical

patients.40 A computerized version can quickly summa-

rize the findings in a report and collect important data

that can be automatically analyzed in a dysphagia data-

bank, which in the future will allow the processing of

questions related to NOD. We hope that this dysphagia

mailto:Images of Figure 2|eps
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concept will be of assistance and will be introduced as

a standardized approach for the management of NOD.
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