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Objectives: To study the applicability of National Institutes of Health Stroke Scale
(NIHSS) in early predicting the prognosis of poststroke dysphagia in an acute
ward. Methods: This is an observational retrospective cohort study including adult
patients with ischemic stroke. Patients with various factors affecting swallowing
were excluded to obtain a representative sample of 165 patients. The main outcome
measure was the improvements of oral intake function. Results: The scores of facial
palsy (NIHSS item 4) (odds ratio [OR]: 0.484, 95% confidence interval [CI]: 0.279-
0.838, P = .0096] and language/aphasia (NIHSS item 9) (OR: 0.562, 95% CI: 0.321-
0.982, P = .0430) demonstrated significantly negative effects on the early improve-
ment of dysphagia. Moreover, the improved patients had a 4.14-fold (95% CI: 2.53-
11.23, P = .005) increased odds of returning home compared with nonimproved
patients. Conclusions: Our findings provide evidence that early improvement of
poststroke dysphagia was significantly associated with a favorable discharge desti-
nation and NIHSS items of facial palsy and language/aphasia can be used at
the onset of stroke to identify dysphagic patients at risk of achieving limited
improvement. These findings provide valuable prognostic indicators for clinicians
to make a precise outcome prediction at very early stage.
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Introduction

Dysphagia is a common poststroke morbidity, affecting In the chronic stage, persistent dysphagia®’ affects the
37%-78% of patients with stroke.l In the acute stage, initial long-term functional outcome of patients with stroke.8’9
dysphagia results in negative outcomes such as prolonged Thus, it is generally agreed that early detection of

hospital stays,2 aspiration pneumoniaf'”‘ and mortali’fy.5

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; ST, speech therapy; OR, odds ratio; CI, confidence interval; FOIS, functional oral
intake scale; PEG, percutaneous endoscopic gastrostomy; NGT, nasogastric tube; DWI, diffuse weighted imaging; DM, diabetes mellitus; HTN,
hypertension; Af, atrial fibrillation; COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease; CAD, coronary
artery disease; UTI, urinary tract infection; MRI, magnetic resonance imaging; AUC, area under the curve; ROC, receiver operating characteristic;
IQR, interquartile range.
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dysphagia is crucial for the reduction of overall health
care expenditure and mortality.””'""'?

Factors associated with persistent poststroke dysphagia
in late-subacute and chronic stages have been docu-
mented.” '’ However, studies focusing on early predicting
improvements of swallowing function in patients with
poststroke dysphagia during the acute stage are relatively
limited. As the length of hospital stays in the acute stroke
ward are currently brief, early outcome prediction for
poststroke dysphagia is imperative for the timely devel-
opment of individualized treatment strategies. For this
purpose, a broadly applicable assessment at admission
for stroke patients and a semiquantitative method for
grading improvements in swallowing are required.

Expanding upon the detection of poststroke dysphagia,
this study focused specifically on improving swallowing.
Apart from major improvements such as weaning from
percutaneous endoscopic gastrostomy (PEG) or nasogas-
tric tubes (NGTs),"*'® minor improvements in swallow-
ing, which need a more precise and sensitive grading
scale to identify, can also be of clinical significance.'®"”
However, it has not been addressed in most reports.

In addition to the structural and neurological problems
of the digestive tract, other stroke-related factors such as
cognition function, affect swallowing function.'® From a
practical perspective, the most crucial concern of swallow-
ing is the extent to which a patient can eat and drink
orally. Although videofluoroscopy is a standard method
for the diagnosis of dysphagia, its shortcomings, such as
invasiveness, radiation exposure, and reliance on patients’
comprehension and awareness, limit its application in
patients with stroke.'” Thus, this study adopted the Func-
tional Oral Intake Scale (FOIS), a clinical assessment
instrument with high reliability and validity,” to evaluate
patients’ swallowing function after stroke. The FOIS is a
widely used, precise and practical semiquantitative tool
for assessing swallowing function in various dysphagic
populations.'®*"** Applying this scale enable us to study
the clinical significance of any minor improvements in
swallowing, not merely the major ones such as weaning
from PEG or NGTs.

Among multiple factors associated with the presence
of dysphagia at onset or in the chronic stage, neurologi-
cal status has been the most commonly mentioned.””*’
The NIHSS is a systematic, semiquantitative assess-
ment tool for stroke-related neurologic deficits. A high
NIHSS score or a broadly poor neurological status
is correlated with a higher incidence of dyspha-
gia.'??*?** However, the possibility of using this scale
to predict the treatment outcomes of dysphagia is unad-
dressed. Since there is no specific item assessing
dysphagia in the NIHSS, this study attempted to inves-
tigate the applicability of broadly used NIHSS in pre-
dicting the prognosis of post stroke dysphagia. The
clinical significance of early improvement in swallow-
ing function after stroke was also studied.
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Methods
Participants

This retrospective study was approved as a medical
record review by the Institutional Ethics Board (IRB serial
No.: 107-2-J02). Owing to the retrospective nature of the
study, the IRB waived the requirement for informed
patient consent. Data were obtained from adult patients
with stroke aged over 20 years who were referred for
speech therapy (ST) between March 2012 and April 2013.
To obtain a representative group of patients with ischemic
stroke, patients with hemorrhagic stroke or no evidence of
recent stroke on diffuse weighted imaging (DWI) were
excluded. Then, those who had the following factors that
affect swallowing function were also excluded to restrict
this analysis to postischemic stroke dysphagia: previous
ST in their lifetime, scheduled operations during hospital
stay (eg, craniectomy), cancer-related difficulty in swal-
lowing, presence of other neuromuscular disorders, in-
hospital stroke while the patient was hospitalized due to
other diseases, and intubation.

Demographic Data Collection

Demographic variables and NIHSS scores on admission
and at discharge were obtained by a well-trained medical
team. Demographic variables included age, sex, first or
recurrent stroke, hemorrhage or infarction, time from
onset to admission, receipt or nonreceipt of thrombolysis
treatment, medical history of diabetes mellitus, hyperten-
sion, atrial fibrillation, chronic obstructive pulmonary dis-
ease, peripheral arterial occlusive disease, coronary artery
disease, in-hospital pneumonia, and urinary tract infec-
tion (UTI).

Image Interpretation

A qualified neurologist and a neuroradiologist indepen-
dently viewed all magnetic resonance imaging (MRI)
scans and were blind to clinical presentation and dyspha-
gia status. They documented the acute and chronic brain
lesions for all patients. The acute lesion was determined
by DWL

Assessments of Swallowing Function

Dysphagia assessments were conducted by qualified
speech therapists using the FOIS, first at consultation on
admission and last before discharge. The timing of dis-
charge was dependent on improvements in stroke-related
complications and neurological status. The speech thera-
pist assessed the aspiration risk of each patient from an
oral diet of various consistencies according to the patient’s
motor functions of lips, tongue, and soft palate; ability to
manipulate foods; sensitivity of swallowing reflex; laryn-
geal lifting when swallowing; remnant sensation in the
pharynx; and cough or change in vocal quality after
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swallowing; and the results of a video fluoroscopic swal-
lowing exam. The therapist then recommended a suitable
feeding status, determined the FOIS score, and assessed
whether the patient had dysphagia. Dysphagia was iden-
tified as an FOIS score of 1-6.

Standard Speech Therapy for Stroke Patients

Standard ST interventions were performed between
the first (admission) and last (discharge) assessments.
Treatments included methods that have been reported
as the standard therapy for survivors of stroke with
dysphagia, such as neuromuscular electrical stimula-
tion, oral function training, laryngeal muscle function
training, swallowing reflex facilitation training, swal-
lowing compensation skill training, safe swallowing
skill training, food consistency modification, and pos-
ture modification,” which can be covered by the
National Health Insurance. The applications of treat-
ment strategies such as direct swallowing exercise (eg,
effortful swallowing, supraglottic swallow technique),
compensation technique, (eg, upright position with
chin tuck or tilt), environmental modification, appropri-
ate dietary modification and safe swallowing advice
were directed by the findings of clinical swallowing
examinations. A treatment session lasts at least
30 minutes. The intervention frequencies depend on the
general conditions of patients in the ward. Improve-
ment in dysphagia was defined as a positive value of:
discharge FOIS—admission FOIS. ST interval (days)
was defined as the length of hospital stay (days)
divided by bedside visits from a speech therapist.

Statistical Analysis

Statistical analyses were performed using SPSS version
24.0 (IBM Corporation, Armonk, NY). Demographic data
between groups were compared using a Mann-Whitney U
test for continuous variables after normality test or Pearson’s
chi-square test for categorical variables. Significance was set
at P < .05. To identify the associated NIHSS items of early
swallowing improvements, multivariable logistic regression
analysis was used to estimate the odds ratios (ORs) with
95% confidence intervals (95% CIs) for controlling the poten-
tial confounding factors. Factors that may affect the out-
comes of dysphagia and the efficacy of ST interventions,
such as age, sex, old lesions on the MRI, comorbidities, in-
hospital pneumonia, admission FOIS, ST intervals, and days
of hospital stay, were included as covariates based on clini-
cal experiences and previous studies.'”””** The dependent
variable was swallowing improvements (improvements = 1;
nonimprovement =0), and the total NIHSS or subitems
were predictor variables with the aforementioned confound-
ing factors. For the assessment of accuracy, the area under
the curve of the receiver operating characteristic curve was
presented for each item.

Results

From March 2012 to April 2013, 366 patients with stroke
received ST referrals. Study participants were further
restricted to patients with acute ischemic stroke by view-
ing their DWI (n = 314). A subset of these participants was
deemed ineligible for the analysis of stroke-related dys-
phagia for the following reasons: normal swallowing
(FOIS =7), a history of previous ST intervention, presence
of other factors affecting swallowing function such as
operations scheduled during hospital stay (eg, craniec-
tomy), cancer-related swallowing difficulty, other neuro-
muscular disorders, in-hospital stroke while the patient
was hospitalized due to other diseases, and intubation
(n=119). Others were excluded due to missing admission
NIHSS score (n=1) or inability to receive standard ST
because of deteriorating neurological status (n=29).
Finally, 165 subjects were included in the study; 72 experi-
enced no change in swallowing impairment at discharge
and 93 had improved swallowing function at discharge
(Fig 1). The early recovery rate under standard treatments
was 56.4%. The characteristics of the entire cohort, (the
improved swallowing and nonimproved swallowing sub-
groups) are described in Table 1. The median admission
FOIS in both the improved and nonimproved groups was
5 (interquartile range [IQR] 2-6). The median admission
NIHSS scores for the improved and nonimproved groups
were 6 (IQR 3-11) and 5 (IQR 3-9), respectively. The
median discharge modified Rankin scale was 3 for both
groups (IQR 2-4). The latency of first FOIS assessment
was similar between groups (Table 1).

A comparison of the scores of each NIHSS item and the
total score between the improved and nonimproved
groups revealed that the nonimproved patients exhibited
a lower score in facial palsy (NIHSS item 4) (mean[IQR] of
improved and nonimproved group, 1[0-1] and 1[0-1];
mean + SD of improved and nonimproved group, 0.58 +
0.61 and 0.82 + 0.72; P = 0.034 by Mann-Whitney test). No
significant difference in other items and the admission
and discharge NIHSS total scores was observed between
the groups (Table 2).

After adjusting for variables of sex, age, old lesions on
MRI, comorbidities, in-hospital pneumonia, admission
FOIS, ST intervals, and days of hospital stay, logistic
regression analyses were conducted for each NIHSS item,
as depicted in Figure 2. The scores of facial palsy (item 4;
OR=0.484, 95% CI=0.279-0.838, P = .0096) and lan-
guage/aphasia (item 9; OR =0.562, 95% CI=0.321-0.982,
P = .043) showed significantly negative effects on the early
improvement in dysphagia. A 1 point increase in the
scores of the items assessing facial palsy and aphasia
resulted in an approximate 50% reduction in the chances
of early improvement in dysphagia under standard ST.
The corresponding area under the curve values for facial
palsy (items 4) and language/aphasia (item 9) were 0.731
and 0.714, respectively.
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- Hemorrhagic stroke (n = 19)
- No evidence of recent stroke on DWI (n = 33)

- History of previous speech therapy intervention (n = 4)

-> FOIS =7 (n = 66)

- presence of other factors affecting swallowing function:
(1) Underwent operations in this hospital stay, e.g. craniectomy ( n= 3)
(2) With cancer-related swallowing difficulty (n = 6)
(3) With other neuromuscular disorders (n = 13)

(4) Stroke occurred during hospitalization due to other diseases (n = 11)
(5) With other comorbidities affecting swallowing function, e.g. intubation (n = 16)

- Missing NIHSS or FOIS (n = 1)
- Deterioration of neurological status during hospital stay (n = 29)

Improved swallowing
FOIS at discharge > FOIS on admission
(n=93)

Non-improved swallowing
FOIS at discharge = FOIS on admission
(n=72)

Figure 1. Flowchart depicting the inclusion and exclusion criteria of participants. Abbreviations: DWI, diffuse weighted imaging; FOIS, functional oral intake

scale; NIHSS, National Institutes of Health Stroke Scale.

Prediction of early improvement in poststroke dyspha-
gia after early ST had beneficial effects; a higher propor-
tion of patients returned home after discharge in the
improved group, whereas a higher proportion went to a
nursing home in the nonimproved group (chi-square,
P = .0031). The logistic regression analysis demonstrated
that improvements in the FOIS were significantly corre-
lated with a favorable discharge (returning home;
OR=4.14, 95% CI=2.53-11.23, P=.005; Table 3). This
indicated that any early improvement in poststroke dys-
phagia was of clinical significance.

Discussion

In this cohort of patients with poststroke dysphagia
who underwent early ST interventions, we observed the
following: (A) a low initial score of facial palsy (NIHSS
items 4) and language/aphasia (NIHSS item 9) was

associated with a higher possibility of early improve-
ments in oral intake function after early ST intervention;
and (B) patients with poststroke dysphagia exhibiting any
early improvement in the acute to early-subacute stage
had a higher probability of favorable discharge destina-
tion, which was determined on the basis of the entire clini-
cal spectrum of each patient. Although limited by
unavoidable confounding factors, our findings provide
the first evidence from an acute ischemic stroke cohort
that certain items of the NIHSS can be used at the onset of
stroke to identify dysphagic patients at risk of achieving
limited improvement in the acute ward and may need tai-
lored medical treatments and aggressive rehabilitation
programs at the beginning of stroke therapy to obtain a
favorable discharge destination.

Previous studies predicting the weaning of NGT or
PEG have demonstrated that it affects discharge destina-
tion, mortality, morbidity, quality of life, and medical
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Table 1. Characteristics of the study cohort

Item Overall Improved (FOIS at discharge—  Nonimproved (FOIS at discharge—
FOIS on admission >1) FOIS on admission <1)
N (%) 165 93 (56.36) 72 (43.63)
Median age, y (IQR) 71 (59-79) 71 (58-78) 72 (63-79)
Male (N, %) 110 (66.67) 66 (70.97) 44 (61.11)
Median admission FOIS (IQR) 5 (2-6) 5 (2-6) 5(2-6)
Thrombolysis (N, %) 5(3.03) 2(2.15) 3(4.17)
Comorbidity (N, %)
Old stroke 62 (37.58%) 33 (35.48%) 29 (40.28%)
DM 72 (43.64%) 47 (50.54%) 25 (34.72%)
Hypertension 130 (78.79%) 69 (74.19%) 61 (84.72%)
Dyslipidemia 69 (41.82%) 38 (40.86%) 31 (43.06%)
Af 20 (12.12%) 11 (11.83%) 9 (12.50%)
Active smoker 41 (24.85%) 24 (25.81%) 17 (23.61%)
Asthma or COPD 5(3.03%) 3(3.23%) 2 (2.78%)
Cancer 12 (7.27%) 7 (7.53%) 5 (6.94%)
PAOD 4 (2.42%) 2(2.15%) 2 (2.78%)
CAD 16 (9.70%) 10 (10.75%) 6 (8.33%)
Median days of hospitalization (IQR) 9 (5-13) 10 (6-15) 7(5-12)
Median days of first FOIS (IQR) 4 (3-6) 5(3-6) 4 (3-6)
Median days of ST intervals (IQR) 3.0(2.1-4.5) 3.012.2-4) 3.5(2.1-5)
Median discharge mRS (IQR) 3(2-4) 3(12-4) 3(2-4)
Complications during hospitalization
(n, %)
UTI 10 (6.06%) 7 (7.53%) 3 (4.17%)
Pneumonia 18 (10.91%) 9 (9.68%) 9 (12.50%)

Abbreviations: Af, atrial fibrillation; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus;
FOIS, functional oral intake scale; IQR, interquartile range; mRS, modified Rankin scale; PAOD, peripheral arterial occlusive disease; ST,
speech therapy; UTI, urinary tract infection.

Table 2. Scores of National Institutes of Health Stroke Scale (NIHSS) items in the 2 groups

Item Overall Improved Nonimproved P value Mann—Whitney
N=93 N=72 U test
Median admission NIHSS (IQR) 6(3-10) 6(3-11) 5(3-9) 0.6268
Median discharge NIHSS (IQR) 4(2-7) 4(2-7) 4(2-9) 0.4140
Median difference of NIHSS (IQR) —1(-2-0) —1(-3-0) —1(-2-0) 0.2000
Median admission score of each NIHSS item (IQR)
1a Level of consciousness 0(0-0) 0(0-0) 0(0-0) 0.6363
1b Ask month and age 0(0-0) 0(0-0) 0(0-1) 0.2401
1c Blink eyes & Squeeze hands 0(0-0) 0(0-0) 0(0-0) 0.1700
2 Horizontal extraocular movements 0(0-0) 0(0-0) 0(0-0) 0.2562
3 Visual fields 0(0-0) 0(0-0) 0(0-0) 0.1146
4 Facial palsy 1(0-1) 1(0-1) 1(0-1) 0.0343*
5a Left arm motor drift 0(0-2) 1(0-2) 0(0-2) 0.9520
5b Right arm motor drift 0(0-1) 0(0-1) 0(0-1) 0.5066
6a Left leg motor drift 1(0-2) 1(0-2) 0.5(0-2) 0.8059
6b Right leg motor drift 0(0-1) 0(0-1) 0(0-1) 0.7049
7 Limb ataxia 0(0-0) 0(0-0) 0(0-0) 0.9403
8 Sensation 0(0-1) 0(0-1) 0(0-1) 0.5222
9 Language/Aphasia 0(0-0) 0(0-0) 0(0-0) 0.1891
10 Dysarthria 1(0-1) 1(0-1) 1(0-1) 0.3022
11 Extinction/Inattention 0(0-0) 0(0-0) 0(0-0) 0.1692

Difference in NIHSS, discharge NIHSS—admission NIHSS.
*P < .05.
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Item B : OR (95% C.1.) P-value AUC
Total HINSS score - ""E 0.929(0.862-1.000) 0.0514 0.713
1a Level of consciousness - g : 0.630(0.273-1.458) 0.2810 0.698
1b Ask month and age - I—O—E—‘ 0.618(0.365-1.046) 0.0732 0.712
1c Blink eyes & Squeeze hands - I—Q—E—i 0.473(0.203-1.102) 0.0828 0.709
2 Horizontal extraocular movements - — 0.599(0.301-1.193)  0.1448 0.710
3 Visual fields - l—O—E—! 0.597(0.318-1.120) 0.1082 0.704
4 Facial palsy - —— E 0.484(0.279-0.838) 0.0096" 0.731
5a Left arm motor drift - |—:Q—| 1.026(0.800-1.317) 0.8380 0.698
5b Right arm motor drift - n—‘i—« 0.967(0.706-1.326) 0.8372 0.695
6a Left leg motor drift - r—os—c 0.968(0.733-1.279) 0.8200 0.697
6b Right leg motor drift - I—Q-E—i 0.925(0.665-1.288) 0.6456 0.698
7 Limb ataxia - b E + 1.118(0.442-2.829) 0.8142 0.696
8 Sensation - {'r 0.993(0.489-2.016) 0.9854 0.695
9 Language/Aphasia - I—O—é 0.562(0.321-0.982) 0.043* 0.714
10 Dysarthria - I—O—Ei 0.583(0.330-1.032) 0.0640 0.719
11 Extinction/Inattention - g : 0.430(0.153-1.208) 0.1093 0.704
0 0.5 1 1.5 2 2.5 3

Figure 2. Logistic regression analyses for the associations between the individual National Institutes of Health Stroke Scale (NIHSS) items and the improvement
in functional oral intake scale (FOIS). Variables adjusted: gender, age, old lesions on MRI, diabetes mellitus, hypertension, dyslipidemia, atrial fibrillation,
asthma or chronic obstructive pulmonary disease, cancer, peripheral arterial occlusive disease, coronary artery disease, in-hospital pneumonia, admission FOIS,
speech therapy (ST) intervals, and days of hospital stay. X-axis, odds ratio (OR). Y-axis, NIHSS items. AUC, area under the curve. *P < .05.

appendices.'"'*'® However, in all patients that were
tube-dependent (FOIS score of <3), the risk of pneumo-
nia in those with an FOIS score of 1 and an FOIS score of
2 or 3 are distinct.”' This highlights the importance of the
semiquantitative functional grading of dysphagia
beyond the status of being with or without tube. Using
FOIS enabled us to determine that any degree of
improvement in early stage, even short of tube removal,
benefited the discharge destination of patients with post-
stroke dysphagia.

The total NIHSS score has been most commonly
reported as a predictor for the presence of initial dyspha-
gia at the onset of stroke.'”*”” The presence of dysphagia
at the onset may be associated with prior lesion burden
and new lesion site and size.””*> However, the improve-
ment in dysphagia involves 2 domains of neurological
function: the physiological factor relevant to the dysfunc-
tion of swallowing organs and the cognitive factor rele-
vant to the capability of understanding, following, and
adhering to the guidance of speech therapists. The physio-
logical factor may result in the basal swallowing function
before ST interventions, which was associated with multi-
ple documented predic’cors.m’l 12933 n this study, item 4
of the NIHSS (assessing facial palsy, motor control of oral

cavity) may have denoted the function of the oral phase
in swallowing and was more likely to be a physiological
factor. By contrast, identified item 9 (assessing language/
aphasia) was more likely to be a cognitive factor that
affected the interactions between patients and therapists.
In our analysis, item 10 (assessing articulation) and item
1b and 1c (assessing communication) exhibited marginal
significance in the perception that improvements may
also imply the effect of physiological factors and cognitive
function, respectively, on the efficacy of ST interventions.
In this cohort, patients with larger lesions may have
been excluded from participation due to high oxygen
demands or reduced level of consciousness at the acute
stage of stroke. This is a potential limitation of our study,
as we could only include patients who were ST referred.
These subjects were identified by clinicians as having
problems in verbal expression, articulation, and swallow-
ing as well as with a capability to receive ST interventions.
In addition, patients should be capable of completing the
FOIS within 3-6 days of stroke onset. Patients who did not
have a short period of wakefulness for accessing the risk
of aspiration in response to oral diet regardless of NGT
dependency were excluded. Although this cohort was
a group selected by treating physicians with limited

Table 3. Discharge destination of the improved and nonimproved swallowing groups

Discharge destination

Home Institute
Swallowing N % N % OR 95% CI Pvalue
Improved (N =93) 87 93.55 6 6.45 4.14 2.53-11.23 0.005°*
Nonimproved (N =72) 56 717.78 16 22.22

Abbreviation: CI, confidence interval.
*P < .01.
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generalization, it displayed the real-world condition in
terms of epidemiology. We utilized the readily available,
easily applied, and broadly used NIHSS at admission to
identify patients at a high risk of developing long-lasting
dysphagia. This is of clinical value in several aspects. First,
it may lead to expedient (eg, videofluoroscopy) and time-
dependent (more ST time) interventions. Second, it may
mitigate adverse events, such as pneumonia, by increas-
ing the vigilance and proactivity of medical teams in rec-
ognizing and treating these conditions in acute wards.
Third, it can promote early preparation for postdischarge
rehabilitation program.

Conclusion

This study demonstrated that the early improvement in
poststroke dysphagia through ST intervention in the acute
and early-subacute stages is associated with a more favor-
able discharge destination. The widely used NIHSS subi-
tem of facial palsy and language/aphasia (items 4 and 9)
can be used to determine the prognosis of early ST inter-
ventions. Screening patients with stroke at a high risk of
limited improvements and developing long lasting dys-
phagia as early as possible will prompt clinicians to tailor
individualized rehabilitation strategies and initiate dis-
charge rehabilitation planning timely. Recommendations
arising from this study may aid in early decision-making,
enhance the use of healthcare resources, improve patient
outcomes, and decrease financial burden.

Conflict of Interest

None.

Acknowledgments

We thank Mrs Mei-Ju Ko, a speech therapist at the depart-
ment of rehabilitation medicine, Chi Mei Medical Center,
Tainan, Taiwan for the acquisition of data and providing use-
ful advice in writing the manuscript.

Author Contribution Statement

C.Y.H. and W.L. have contributed equally to this work. W.L.
was involved in study design, analysis, and writing. C.Y.H. was
involved in analysis and writing. L.L. was involved in analysis.
Y.C. was involved in writing, and C.H.H. was involved in analy-
sis. Y.S. was involved in study design, analysis, and writing.

References

1. Martino R, Foley N, Bhogal S, et al. Dysphagia after
stroke: incidence, diagnosis, and pulmonary complica-
tions. Stroke 2005;36:2756-2763.

2. Guyomard V, Fulcher RA, Redmayne O, et al. Effect of
dysphasia and dysphagia on inpatient mortality and hos-
pital length of stay: a database study. ] Am Geriatr Soc
2009;57:2101-2106.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

7

. Wilson RD. Mortality and cost of pneumonia after stroke

for different risk groups. ] Stroke Cerebrovasc Dis
2012;21:61-67.

. Langdon PC, Lee AH, Binns CW. Dysphagia in acute

ischaemic stroke: severity, recovery and relationship to
stroke subtype. ] Clin Neurosci 2007;14:630-634.

. Sharma JC, Fletcher S, Vassallo M, et al. What influences

outcome of stroke—pyrexia or dysphagia? Int ] Clin Pract
2001;55:17-20.

. Nakajima M, Inatomi Y, Yonehara T, et al. Acquisition of

oral intake in severely dysphagic patients with acute
stroke: a single-center, observational study involving a
database of 4972 consecutive stroke patients. ] Neurol Sci
2012;323:56-60.

. Nakajima M, Inatomi Y, Yonehara T, et al. Temporal

trends in oral intake ability 3 months after acute ischae-
mic stroke: analysis of a single-centre database from 2003
to 2011. ] Rehabil Med 2014;46:200-205.

. Smithard DG, Smeeton NC, Wolfe CD. Long-term out-

come after stroke: does dysphagia matter? Age Ageing
2007;36:90-94.

. Smithard DG, O'Neill PA, Parks C, et al. Complications

and outcome after acute stroke. Does dysphagia matter?
Stroke 1996;27:1200-1204.

Wieseke A, Bantz D, Siktberg L, et al. Assessment and early
diagnosis of dysphagia. Geriatr Nurs 2008;29:376-383.
Cecconi E, Di Piero V. Dysphagia—pathophysiology,
diagnosis and treatment. Front Neurol Neurosci 2012;30:
86-89.

Bray BD, Smith CJ, Cloud GC, et al. The association
between delays in screening for and assessing dysphagia
after acute stroke, and the risk of stroke-associated pneu-
monia. ] Neurol Neurosurg Psychiatry 2017;88:25-30.
Alshekhlee A, Ranawat N, Syed TU, et al. National Insti-
tutes of Health stroke scale assists in predicting the need
for percutaneous endoscopic gastrostomy tube placement
in acute ischemic stroke. ] Stroke Cerebrovasc Dis
2010;19:347-352.

Ikenaga Y, Nakayama S, Taniguchi H, et al. Factors pre-
dicting recovery of oral intake in stroke survivors with
dysphagia in a convalescent rehabilitation ward. ] Stroke
Cerebrovasc Dis 2017;26:1013-1019.

Lee JH, Kim SB, Lee KW, et al. Associating factors regard-
ing nasogastric tube removal in patients with dysphagia
after stroke. Ann Rehabil Med 2014;38:6-12.

McMicken BL, Muzzy CL, Calahan S. Retrospective rat-
ings of 100 first time-documented stroke patients on the
Functional Oral Intake Scale. Disabil Rehabil 2010;32:
1163-1172.

Hansen TS, Larsen K, Engberg AW. The association of
functional oral intake and pneumonia in patients with
severe traumatic brain injury. Arch Phys Med Rehabil
2008;89:2114-2120.

Schroeder MF, Daniels SK, McClain M, et al. Clinical and
cognitive predictors of swallowing recovery in stroke. J
Rehabil Res Dev 2006;43:301-310.

Singh S, Hamdy S. Dysphagia in stroke patients. Post-
grad Med ] 2006,82:383-391.

Crary MA, Mann GD, Groher ME. Initial psychometric
assessment of a Functional Oral Intake Scale for dyspha-
gia in stroke patients. Arch Phys Med Rehabil 2005;86:
1516-1520.

Hansen TS, Engberg AW, Larsen K. Functional oral
intake and time to reach unrestricted dieting for patients
with traumatic brain injury. Arch Phys Med Rehabil
2008;89:2114-2120.


http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0019
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0019
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0021

22.

23.

24.

25.

26.

27.

Kraaijenga SA, van der Molen L, Jacobi I, et al. Prospec-
tive clinical study on long-term swallowing function and
voice quality in advanced head and neck cancer patients
treated with concurrent chemoradiotherapy and preven-
tive swallowing exercises. Eur Arch Otorhinolaryngol
2015;272:3521-3531.

Okubo PC, Fabio SR, Domenis DR, et al. Using the National
Institute of Health Stroke Scale to predict dysphagia in
acute ischemic stroke. Cerebrovasc Dis 2012;33:501-507.
Jeyaseelan RD, Vargo MM, Chae J. National Institutes of
Health Stroke Scale (NIHSS) as an early predictor of post-
stroke dysphagia. PM R 2015;7:593-598.

Oto T, Kandori Y, Ohta T, et al. Predicting the chance of
weaning dysphagic stroke patients from enteral nutrition:
a multivariate logistic modelling study. Eur ] Phys Reha-
bil Med 2009;45:355-362.

Han TR, Paik NJ, Park JW, et al. The prediction of persis-
tent dysphagia beyond six months after stroke. Dyspha-
gia 2008;23:59-64.

Otto DM, Ribeiro MC, Barea LM, et al. Association
between neurological injury and the severity of oropha-
ryngeal dysphagia after stroke. CoODAS 2016;28:724-729.

28.

29.

30.

31.

32.

33.

W.-C. LIN ET AL.

Kim BR, Lee J, Sohn MK, et al. Risk factors and functional
impact of medical complications in stroke. Ann Rehabil
Med 2017;41:753-760.

Moon HI, Pyun SB, Kwon HK. Correlation between loca-
tion of brain lesion and cognitive function and findings
of video fluoroscopic swallowing study. Ann Rehabil
Med 2012;36:347-355.

Galovic M, Leisi N, Miuller M, et al. Lesion location
predicts transient and extended risk of aspiration after
supratentorial ~ischemic stroke. Stroke 2013;44:
2760-2767.

Mihai PG, Otto M, Domin M, et al. Brain imaging cor-
relates of recovered swallowing after dysphagic stroke:
a fMRI and DWI study. Neuroimage Clin 2016;12:
1013-1021.

Flowers HL, AlHarbi MA, Mikulis D, et al. MRI-based
neuroanatomical predictors of dysphagia, dysarthria,
and aphasia in patients with first acute ischemic stroke.
Cerebrovasc Dis Extra 2015;7:21-34.

Baroni AF, Fabio SR, Dantas RO. Risk factors for swal-
lowing dysfunction in stroke patients. Arg Gastroenterol
2012;49:118-124.


http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0027
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0027
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0027
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0028
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0028
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0028
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0029
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0029
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0029
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0029
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0030
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0030
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0030
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0030
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0030
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0031
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0031
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0031
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0031
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0033
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0033
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0033
http://refhub.elsevier.com/S1052-3057(19)30338-6/sbref0033

	Initial National Institute of Health Stroke Scale to Early Predict the Improvement of Swallowing in Patients with Acute Ischemic Stroke
	Introduction
	Methods
	Participants
	Demographic Data Collection
	Image Interpretation
	Assessments of Swallowing Function
	Standard Speech Therapy for Stroke Patients
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Conflict of Interest
	Acknowledgments
	Author Contribution Statement

	References


