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Abstract
Background and purpose: Post- stroke dysphagia affects outcome. In acute stroke pa-
tients, the aim was to evaluate clinical, cognitive and neuroimaging features associated 
with dysphagia and develop a predictive score for dysphagia.
Methods: Ischaemic stroke patients underwent clinical, cognitive and pre- morbid func-
tion evaluations. Dysphagia was retrospectively scored on admission and discharge with 
the Functional Oral Intake Scale.
Results: In all, 228 patients (mean age 75.8 years; 52% males) were included. On admis-
sion, 126 (55%) were dysphagic (Functional Oral Intake Scale ≤6). Age (odds ratio [OR] 
1.03, 95% confidence interval [CI] 1.00– 1.05), pre- event modified Rankin scale (mRS) 
score (OR 1.41, 95% CI 1.09– 1.84), National Institutes of Health Stroke Scale (NIHSS) 
score (OR 1.79, 95% CI 1.49– 2.14), frontal operculum lesion (OR 8.53, 95% CI 3.82– 19.06) 
and Oxfordshire total anterior circulation infarct (TACI) (OR 1.47, 95% CI 1.05– 2.04) were 
independently associated with dysphagia at admission. Education (OR 0.91, 95% CI 0.85– 
0.98) had a protective role. At discharge, 82 patients (36%) were dysphagic. Pre- event 
mRS (OR 1.28, 95% CI 1.04– 1.56), admission NIHSS (OR 1.88, 95% CI 1.56– 2.26), fron-
tal operculum involvement (OR 15.53, 95% CI 7.44– 32.43) and Oxfordshire classifica-
tion TACI (OR 3.82, 95% CI 1.95– 7.50) were independently associated with dysphagia 
at discharge. Education (OR 0.89, 95% CI 0.83– 0.96) and thrombolysis (OR 0.77, 95% CI 
0.23– 0.95) had a protective role. The 6- point “NOTTEM” (NIHSS, opercular lesion, TACI, 
thrombolysis, education, mRS) score predicted dysphagia at discharge with good accu-
racy. Cognitive scores had no role in dysphagia risk.
Conclusions: Dysphagia predictors were defined and a score was developed to evaluate 
dysphagia risk during stroke unit stay. In this setting, cognitive impairment is not a predic-
tor of dysphagia. Early dysphagia assessment may help in planning future rehabilitative 
and nutrition strategies.
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INTRODUC TION

The incidence of dysphagia in patients with ischaemic stroke is 
highly variable, depending on assessment methods and ranging 
from 8% to 80% [1– 3]. The frequency is higher (between 64% and 
80%) when instrumental tools (videofluoroscopy or fiberoptic endo-
scopic evaluation of swallowing [FEES]) are used [1, 2]. Dysphagia 
has a negative impact on prognosis, length of hospital stay, aspira-
tion pneumonia incidence and mortality [4– 6]. Reported pneumo-
nia incidence amongst dysphagic patients ranges between 16% and 
33% [1], and 14.5% of ischaemic stroke patients show signs of lower 
airway infection [7, 8]. Pneumonia incidence is sevenfold higher 
in ischaemic stroke patients with aspiration compared with isch-
aemic stroke patients without aspiration [9]. A complete or partial 
impairment in swallowing causes also a reduced intake of food, a 
progressive weight loss and a nutrient deficiency, leading to protidic- 
energetic malnutrition, a factor independently associated with long- 
term worse prognosis in stroke patients [10]. Therefore, rapid and 
reliable dysphagia risk stratification tools could be important to 
identify acute stroke patients to be referred to speech therapist and 
phoniatric evaluation, prevent infective complications, reduce mal-
nutrition risk and better plan naso- gastric tube (NGT) management 
and percutaneous endoscopic gastrostomy (PEG) placement [4].

So far, little attention has been paid to the possible impact that 
cognitive impairment may have on dysphagia recovery in the acute 
phase of stroke. Because cognitive impairment is strongly associ-
ated with stroke and represents one of its main complications [11], it 
seems potentially useful to explore also its association with dyspha-
gia persistence early after stroke.

The aims of this study were (i) to evaluate clinical, including mea-
sures of cognitive impairment, and neuroimaging characteristics as-
sociated with dysphagia (defined as a Functional Oral Intake Scale 
[FOIS] ≤6) and their recovery in the acute phase of stroke (i.e., during 
the stay in a stroke unit); (ii) to develop an easy- to- use score, applica-
ble at the bedside, for predictive and prognostic purposes concern-
ing dysphagia in acute stroke patients.

METHODS

Study population

Data were retrospectively analyzed from all patients suffering from 
ischaemic stroke and consecutively admitted to the Stroke Unit of 
the Luigi Sacco Hospital, Milan, between 1 January 2018 and 31 May 
2019, whose diagnosis was formulated by a stroke neurologist based 
on clinical and neuroimaging data. Patients with a final diagnosis of 
transient ischaemic attacks, hemorrhagic stroke, cerebral venous 
thrombosis or stroke mimics were excluded from the analysis to in-
crease homogeneity between patients regarding admission diagnosis.

Information about the following demographic and clinical 
variables were collected: sex, age, education (expressed in years 
of schooling) and cardiovascular risk factors (hypertension by 

American College of Cardiology 2017 criteria, atrial fibrillation by 
European Society of Cardiology 2016 criteria, diabetes mellitus by 
World Health Organization criteria, past or current smoker status, 
weight and body mass index, hypercholesterolemia and hypertri-
glyceridemia by European Society of Cardiology 2019 criteria) [12– 
15]. The clinical characteristics of ischaemic stroke were assessed in 
terms of severity (National Institutes of Health Stroke Scale, NIHSS) 
[16], site of infarct (side and location, i.e., cortical, subcortical, cer-
ebellar or brainstem), affected vascular territories according to the 
Oxfordshire classification of stroke (partial anterior circulation in-
farct, PACI; total anterior circulation infarct, TACI; posterior circula-
tion infarct; lacunar infarct) [17]. The administration of acute phase 
treatments (intravenous thrombolysis and/or endovascular throm-
bectomy) was also recorded.

Cognitive measures

A simple cognitive evaluation was performed in the stroke unit with 
the Montreal Cognitive Assessment— Basic version (MoCA- B) test 
[18] and the Clock Drawing Test (CDT) [19].

The presence of pre- stroke cognitive impairment and/or behav-
ioral disorders were assessed with the Clinical Dementia Rating (CDR) 
global score and the Neuropsychiatric Inventory Questionnaire 
(NPI- Q), administered to the patient's caregiver during the stroke 
unit stay. CDR is a widely used scale in the evaluation of mild cog-
nitive impairment and dementia and includes six domains (memory, 
orientation, judgment and problem solving, community affairs, home 
and hobbies, personal care) that are evaluated in a semi- quantitative 
way by an informant. The level of impairment for each domain ranges 
from 0 (no impairment) to 3 (severe impairment). Final computation 
of the CDR global score was made as suggested by Hughes et al. 
[20]. A global score of 0 was considered suggestive of the absence 
of a previous cognitive impairment; a global score of 0.5 suggestive 
of a previous mild cognitive impairment; a global score of ≥1 sugges-
tive of a previous major cognitive impairment (dementia). NPI is a 
scale developed to assess psychopathological features in dementia 
patients; it evaluates 12 common neuropsychiatric disturbances in 
dementia: delusions, hallucinations, agitation, depression, anxiety, 
apathy, irritability, euphoria, disinhibition, aberrant motor behavior, 
night- time behavior disturbances, and appetite and eating abnormal-
ities. The severity of each neuropsychiatric symptom is rated during 
an interview with the patient's caregiver. NPI also assesses the 
amount of caregiver distress engendered by each neuropsychiatric 
symptom [21]. To quantify the impact of cognitive impairment on 
daily life activities, the activities of daily living (ADL) [22] and instru-
mental activities of daily living (IADL) scales [23] were used.

Outcome measures

Length of stay, etiological classification of stroke (according to 
the “Trial of ORG 10172 in Acute Stroke Treatment”— TOAST 
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classification), modified Rankin scale (mRS), NIHSS and Barthel index 
score at discharge were registered [16, 24– 26]. Destination of dis-
charge (home, rehabilitation or nursing home) were also noted. Any 
death during hospitalization was registered.

Dysphagia assessment

At stroke unit entry, all patients underwent dysphagia screening 
[27]. For the purpose of this study, data from all patients were re-
viewed by one author (DM) who retrospectively applied the FOIS 
[28– 30], a validated scale based on the type of oral intake. The scale 
ranges from 1 (no oral intake) to 7 (total oral intake with no restric-
tions) (Table S1). For the present study, the FOIS score was retro-
spectively assigned based on the results of the speech therapist's 
and neurologist's evaluations carried out during the hospital stay 
and on the food characteristics prescription. In this study, the pres-
ence of dysphagia was defined as an FOIS score ≤6.

Neuroimaging evaluation

For the evaluation of neuroimaging, routine examinations performed 
during the stroke unit stay for clinical purposes were used. When 
available, 1.5 T magnetic resonance imaging (MRI) was preferred to 
computed tomography (CT) for this evaluation. Affected cerebral 
vascular territory (anterior, middle, posterior or vertebro- basilar 
artery territory) and the distribution of ischaemic lesions (cortical, 
subcortical, cerebellar or brainstem) were assessed. Considering the 
location of the acute lesion, in this study the focus was on the pres-
ence of frontal operculum involvement, assessed by visual assess-
ment of CT or MRI scans by one author (DM), because this location 
has recently been found to be of particular relevance for dysphagia 
[31]. The neuroimaging assessment was done in a blind manner to 
the clinical information. The following visual scales were used: two 
scales for leukoaraiosis (van Swieten et al. [32] and Fazekas et al. [33] 
scales); the Global Cortical Atrophy Scale, a qualitative visual scale 
for global atrophy evaluation in 13 brain regions, both deep and su-
perficial [34]; the Scheltens et al. visual scale for medial temporal 
atrophy evaluation [35].

Statistical analysis

Demographic, clinical, neuroimaging and cognitive variables were 
compared between dysphagic and non- dysphagic patients using the 
Fisher exact test and the chi- squared test for categorical variables 
and the Mann– Whitney test for continuous variables. The same 
tests were used to compare the groups of patients who recovered or 
not from dysphagia at discharge. All analyses were conducted using 
the MedCalc statistical analysis software, version 19.1, choosing a p 
value of 0.05 as a threshold for significance. In addition, for variables 
with a significant p value, odds ratios (ORs) were calculated with the 

respective 95% confidence intervals (CIs), both upon entering the 
stroke unit and at discharge.

A logistic regression based multivariate analysis was performed 
to explore differences between dysphagic and non- dysphagic 
patients, including data emerging from the univariate analysis. 
Variables associated with dysphagia at discharge in the multivari-
ate analysis were included in a point- based score, suitable for use in 
the individual patient on stroke unit admission. Cut- offs for relevant 
continuous variables were determined examining different variable 
distributions between dysphagic and non- dysphagic patients using 
box and whisker plots. The attribution of item points for the score 
was assigned considering the strength of the association underlined 
by the multivariate analysis (no points for OR ≤1, 1 point for OR be-
tween 1 and 2, 2 points for OR ≥2). The score was assessed in terms 
of sensitivity, specificity, and positive and negative predictive value, 
through receiver operating characteristic (ROC) curve evaluation.

RESULTS

In all, 228 patients (mean age 75.8 ± 12.4 years; 52% males) were in-
cluded. The median length of hospital stay was 9 days (interquartile 
range 6– 13).

Dysphagia on stroke unit admission

The evaluation of the data of the 228 patients admitted to the stroke 
unit showed that 126 (55%) had some degree of dysphagia (FOIS ≤6). 
Of these patients, 34 (27% of dysphagic patients and 15% of the 
patients admitted to the stroke unit) had severe dysphagia (FOIS ≤3), 
with need for NGT placement.

Demographic, clinical (including cognitive) and neuroimaging 
variables of dysphagic and non- dysphagic patients are summarized 
in Table 1.

On stroke unit admission, compared to non- dysphagic patients, 
dysphagic patients were older, had a lower education level, higher 
pre- event mRS, more severe stroke and more frequently a TACI 
stroke. The involvement of the frontal operculum (regardless of 
the side) was significantly more frequent in dysphagic than in non- 
dysphagic patients. The other neuroimaging variables were not sig-
nificantly associated with dysphagia.

Gender, pre- event cognitive and functional status (CDR, NPI, 
ADL, IADL), coexistence of vascular risk factors, nutritional vari-
ables, MoCA- B and CDT scores, acute phase therapies, cortical or 
subcortical localization, vascular territory or affected side were not 
significantly different between the two groups of patients.

The presence of dysphagia was associated with a longer hos-
pitalization, higher mRS and NIHSS scores at discharge, a lower 
Barthel index score, and an increased risk of discharge towards 
rehabilitation or nursing homes. The two intra- hospital deaths oc-
curred within the group of dysphagic patients and were due to 
aspiration pneumonia.
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TA B L E  1  Demographic, clinical and neuroimaging characteristics of patients according to the presence/absence of dysphagia on stroke 
unit admission.

All, N = 228 Non- dysphagic, N = 102 (45%) Dysphagic, N = 126 (55%)
Univariate 
analysis

Sex, n (%)

Female 109 (48%) 42 (41%) 67 (53%) ns

Male 119 (52%) 60 (59%) 59 (47%)

Age, years, mean (SD) 75.8 (12.4) 72.1 (13.5) 78.9 (10.4) p < 0.001

Education, years, median (IQR) 8 (5– 11) 8 (6– 13) 7.5 (5– 8) p < 0.001

mRS pre- event, median (IQR) 0 (0– 1) 0 (0– 0) 0 (0– 2) p < 0.001

Lost ADL, median (IQR) 0 (0– 1) 0 (0– 0) 0 (0– 1) ns

Lost IADL, median (IQR) 0 (0– 1) 0 (0– 1) 0 (0– 2) ns

CDR, median (IQR) 0 (0– 0.5) 0 (0– 0.5) 0 (0– 0.5) ns

NPI, median (IQR) 1 (0– 3) 1 (0– 3) 1 (0– 3) ns

Vascular risk factors

Hypertension, n (%) 183 (80%) 85 (83%) 98 (78%) ns

Atrial fibrillation, n (%) 66 (29%) 30 (29%) 36 (29%) ns

Diabetes, n (%) 54 (24%) 25 (25%) 29 (23%) ns

Smoking, n (%) 107 (47%) 53 (52%) 54 (43%) ns

BMI class, n (%)

Underweight 4 (2%) 2 (2%) 2 (2%) ns

Normal 81 (36%) 38 (37%) 43 (34%)

Overweight 87 (38%) 40 (39%) 47 (37%)

Obese 35 (15%) 15 (15%) 20 (16%)

Hypercholesterolemia, n (%) 148 (64%) 65 (64%) 83 (66%) ns

Hypertriglyceridemia, n (%) 11 (5%) 4 (4%) 7 (6%) ns

NIHSS, median (IQR) 4 (2– 8) 2 (1– 4) 7 (4– 14) p < 0.001

MoCA- B, median (IQR) 23 (18– 26) 23 (18– 25) 23 (18– 26) ns

CDT, median (IQR) 9 (6– 12) 9 (6– 12) 9 (7– 11) ns

Thrombolysis, n (%) 44 (19%) 16 (20%) 28 (22%) ns

Thrombectomy, n (%) 23 (10%) 7 (10%) 16 (13%) ns

Imaging modality, n (%)

CT 91 (39%) 35 (34%) 56 (44%) ns

MRI 4 (2%) 2 (2%) 2 (2%)

Both 133 (58%) 65 (63%) 68 (54%)

Infarct laterality, n (%)

Right 83 (36%) 41 (40%) 42 (33%) ns

Left 129 (57%) 57 (56%) 72 (57%)

Bilateral 16 (0.1%) 4 (4%) 12 (10%)

Infarct location, n (%)

Cortical 121 (53%) 52 (51%) 74 (59%) ns

Subcortical 89 (39%) 40 (39%) 46 (36%)

Cerebellar 10 (4%) 6 (6%) 4 (3%)

Brainstem 6 (3%) 4 (4%) 2 (2%)

Arterial territory, n (%)

ACA 2 (1%) 1 (1%) 1 (1%) ns

MCA 196 (86%) 85 (83%) 111 (88%)

PCA 14 (6%) 6 (6%) 8 (6%)

VB 16 (7%) 10 (10%) 6 (5%)

(Continues)
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In the multivariate analysis model, age (OR 1.03, 95% CI 1.00– 
1.05; p < 0.05), pre- event mRS (OR 1.41, 95% CI 1.09– 1.84; p < 0.001), 
NIHSS at onset (OR 1.79, 95% CI 1.49– 2.14; p < 0.0001), frontal 
operculum involvement (OR 8.53, 95% CI 3.82– 19.06; p < 0.0001) 
and Oxfordshire classification of stroke (TACI vs. other types, OR 

1.47, 95% CI 1.05– 2.04; p < 0.05) were independently associated 
with an increased risk of acute phase dysphagia. By contrast, edu-
cation was found to have a slight independent protective effect on 
dysphagia development in the acute stroke phase (OR 0.91, 95% CI 
0.85– 0.98; p < 0.001).

All, N = 228 Non- dysphagic, N = 102 (45%) Dysphagic, N = 126 (55%)
Univariate 
analysis

Oxfordshire class, n (%)

LACI 41 (18%) 18 (18%) 23 (18%) TACI vs. all: 
p < 0.01PACI 138 (61%) 67 (66%) 71 (56%)

POCI 25 (10%) 16 (16%) 9 (7%)

TACI 24 (11%) 1 (1%) 23 (18%)

Frontal operculum involvement, n (%)

Opercular lesion 61 (27%) 8 (10%) 53 (42%) p < 0.001

Right opercular 20 (9%) 1 19

Left opercular 41 (18%) 7 34

White matter lesions

van Swieten scale, median (IQR) 2 (1– 4) 2 (1– 4) 2 (1– 4) ns

Fazekas scale, median (IQR) 2 (1– 4.5) 3 (1– 5) 2 (1– 4) ns

Cortical atrophy

Global Cortical Atrophy Scale, 
median (IQR)

15 (8– 20) 15 (9– 20) 14 (8– 21) ns

Scheltens scale, median (IQR) 2 (0– 2) 2 (0– 2,5) 2 (0– 2) ns

Stroke etiology, n (%)

LAA 60 (24%) 26 (25%) 34 (27%) ns

SVO 55 (24%) 25 (25%) 30 (24%)

CE 62 (27%) 27 (26%) 35 (28%)

Other 4 (2%) 3 (3%) 1 (1%)

Undetermined 40 (17%) 19 (19%) 21 (17%)

Multifactorial 7 (3%) 2 (2%) 5 (4%)

Swallowing tests

FOIS, median (IQR) 6 (4– 7) 7 (7– 7) 4 (4– 6) p < 0.001

Stroke outcome at discharge

mRS, median (IQR) 1 (0– 4) 0 (0– 1) 3 (1– 4) p < 0.001

NIHSS, median (IQR) 2 (0– 4) 1 (0– 1) 3 (1– 7) p < 0.001

Barthel, median (IQR) 90 (49– 100) 100 (92– 100) 60 (25– 100) p < 0.001

Length of hospital stay, days, median 
(IQR)

9 (6– 13) 7 (5– 10) 10 (8– 15) p < 0.001

Discharge (destination)

Home 130 (57%) 87 (85%) 43 (34%) p < 0.001

Rehabilitation 68 (30%) 12 (12%) 56 (44%)

Nursing home 28 (12%) 3 (3%) 27 (21%)

Death 2 (0.1%) 0 2 (0.1%)

Abbreviations: ACA, anterior cerebral artery; ADL, activities of daily living; BMI, body mass index; CDT, Clock Drawing Test; CE, cardioembolic; 
CDR, Clinical Dementia Rating scale; CT, computed tomography; FOIS, Functional Oral Intake Scale; IADL, instrumental activities of daily living; 
IQR, interquartile range; LAA, large artery atherosclerosis; LACI, lacunar cerebral infarct; MCA, middle cerebral artery; MoCA- B, Montreal Cognitive 
Assessment— Basic; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NPI, 
Neuropsychiatric Inventory; PACI, partial anterior cerebral infarct; PCA, posterior cerebral artery; POCI, posterior cerebral infarct; SVO, small vessel 
occlusion; TACI, total anterior cerebral infarct; VB, vertebrobasilar.

TA B L E  1  (Continued)
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Dysphagia at discharge

Out of the 128 dysphagic patients at admission, 43 (34%) recovered 
from dysphagia, 83 (66%) did not recover, and two dysphagic pa-
tients died from pneumonia during hospitalization.

Variables associated with dysphagia recovery during 
stroke unit stay in the univariate analysis were baseline NIHSS, 
Oxfordshire non- TACI type of stroke, frontal operculum sparing. 
Thrombolysis and thrombectomy treatments were more common 
in the group of patients with persistent dysphagia at stroke unit 
discharge (Table 2).

In the multivariate analysis, variables associated with dysphagia 
at discharge in dysphagic patients at admission were baseline NIHSS 
(OR 1.59, 95% CI 1.26– 1.99) and frontal operculum involvement (OR 
4.52, 95% CI 1.24– 16.54).

After a median length of stay of 9 days (interquartile range 6– 13), 
dysphagia was observed in 82 patients of 226 (36% of the total). Of 
these patients, 24 (24% of dysphagic patients and 11% of the total) 
had severe dysphagia, implying an NGT positioning in 20 and PEG 
positioning in four patients with a severe swallowing impairment.

Demographic, clinical, cognitive and neuroimaging variables of 
patients with and without dysphagia at discharge are summarized 
in Table 3.

At discharge, compared to non- dysphagic patients, dysphagic 
patients had a significantly higher age, lower education and higher 
mRS. Moreover, patients with dysphagia at discharge had more se-
vere strokes than non- dysphagic patients, and more frequently TACI 
strokes. On the other hand, patients without dysphagia at discharge 
more frequently suffered a stroke classified as PACI.

In the univariate model, patients with TACI had an increased risk 
of dysphagia compared to those with other stroke distributions (OR 
55.75, 95% CI 7.36– 422.33). Patients with PACI had a reduced risk of 
dysphagia compared to patients with other stroke distributions (OR 
0.44, 95% CI 0.25– 0.77). The involvement of the frontal operculum 
(regardless of the side) was more frequent in patients with dyspha-
gia at discharge, conferring an increase in the risk of dysphagia at 
discharge up to 15 times greater than that of patients without fron-
tal operculum involvement. Other neuroimaging variables were not 
significantly associated with dysphagia at discharge.

A protective role of thrombolytic treatment against dyspha-
gia at discharge from the stroke unit was found (OR 0.39, 95% CI 
0.20– 0.76).

A statistically significant association between obesity and failure 
to recover a normal swallowing function was found (OR 2.41, 95% 
CI 1.2– 4.8). In contrast, a protective role of normal weight was de-
tected (OR 0.50, 95% CI 0.28– 0.89). Other factors analyzed were 
not significantly differently distributed between dysphagic and non- 
dysphagic patients.

Multivariate analysis results partially confirmed those of the uni-
variate analysis, showing that pre- event mRS (OR 1.28, 95% CI 1.04– 
1.56; p < 0.001), NIHSS at stroke onset (OR 1.88, 95% CI 1.56– 2.26; 
p < 0.0001), frontal operculum involvement (OR 15.53, 95% CI 7.44– 
32.43; p < 0.0001) and Oxfordshire classification (TACI vs. other 

types, OR 3.82, 95% CI 1.95– 7.50; p < 0.0001) were independently 
associated with an increased risk of dysphagia at discharge from the 
stroke unit. In contrast, education (OR 0.892, 95% CI 0.83– 0.96; 
p < 0.001) and intravenous thrombolysis (OR 0.77, 95% CI 0.23– 0.95; 
p < 0.05) were protective factors against dysphagia at discharge.

Based on the results of the multivariate analysis, a score was 
developed called NOTTEM (acronym for NIHSS, operculum, TACI, 
thrombolysis, education, mRS), calculated as shown in Table 4. The 
score has values ranging from a minimum of 0 (absence of all risk 
factors and occurrence of all protective factors against dysphagia at 
discharge) to a maximum of 9 (absence of all protective factors and 
presence of all risk factors for dysphagia at discharge).

A NOTTEM score >3 has good sensitivity and specificity in pre-
dicting dysphagia at discharge (after a median time of 9 days), as 
shown by the ROC curve (area under the curve 0.88, 95% CI 0.83– 
0.92; sensitivity 73.2%, 95% CI 62.2– 82.4; specificity 87.5%, 95% CI 
81.0– 92.4; positive predictive value 76.9, 95% CI 68.0– 84.0; nega-
tive predictive value 85.1, 95% CI 79.9– 89.2) (Table 5, Figure 1).

DISCUSSION

In this study, it was possible to find variables associated with dys-
phagia at stroke unit discharge and to develop a score predictive of 
dysphagia based on clinical and neuroimaging variables assessed at 
stroke unit admission.

Dysphagia is a stroke complication with heavy prognostic im-
plications [1– 3]. Its presence at admission and persistence are in-
dependent predictors of poor outcome, favoring the onset of 
dysphagia- related complications, like aspiration pneumonia and 
malnutrition [1– 3]. Hence, early detection and management of dys-
phagia leads to fewer complications, a shorter hospitalization and 
ultimately a better prognosis [1– 3].

The management of dysphagia since the very early hospitaliza-
tion days is of utmost importance to assure a better outcome. In 
this regard, the establishment of changes in the rheological char-
acteristics of foods or, in the cases of more severe dysphagia, the 
early start of enteral nutrition with NGT or PEG are strategic in the 
management of a stroke patient [4, 5]. On the other hand, NGT or 
PEG positioning are interventions with potential short-  and long- 
term complications [4, 6]. It is therefore important to develop clinical 
indicators capable of predicting, with a good degree of accuracy, the 
exact timing for positioning a device for nutrition, also trying to pre-
dict in which type of patient this intervention is not indicated, given 
the associated risks.

Other studies with a perspective design, different screening 
modalities and a slightly different population (younger patients with 
lower NIHSS at admission) evaluated prevalence, risk factors and 
complications of post- stroke dysphagia [36].

Other studies identified factors influencing the severity of dys-
phagia: age of patient, extent of ischaemic lesion, male sex, fron-
tal opercular involvement and nutritional status [36– 49]. Some of 
these studies also identified prognostic scores, like the “predictive 

 14681331, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15846 by U

niversita D
i M

ilano, W
iley O

nline L
ibrary on [16/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



2330  |     MATTAVELLI et al.

TA B L E  2  Demographic, clinical and neuroimaging characteristics of dysphagic patients at stroke unit admission according to the 
presence/absence of dysphagia at discharge.

Dysphagic at admission, 
N = 126 (2 deaths)

Non- dysphagic at discharge, 
N = 43 (34%)

Dysphagic at discharge, 
N = 83 (66%)

Univariate 
analysis

Sex, n (%)

Female 67 (53%) 20 (46%) 39 (47%) ns

Male 59 (47%) 23 (54%) 44 (53%)

Age, years, mean (SD) 78.9 (10.4) 78.6 (10.7) 79.1 (10.3) ns

Education, years, median (IQR) 7.5 (5– 8) 8 (5– 8) 6 (5– 8) ns

mRS pre- event, median (IQR) 0 (0– 2) 0 (0– 3) 0 (0– 2) ns

Lost ADL, median (IQR) 0 (0– 1) 0 (0– 0) 0 (0– 1) ns

Lost IADL, median (IQR) 0 (0– 2) 0 (0– 1.5) 0 (0– 2) ns

CDR, median (IQR) 0 (0– 0.5) 0 (0– 0) 0 (0– 0.5) ns

NPI, median (IQR) 1 (0– 3) 1 (0– 4) 1 (0– 3) ns

Vascular risk factors

Hypertension, n (%) 98 (78%) 33 (76%) 65 (78%) ns

Atrial fibrillation, n (%) 36 (29%) 16 (37%) 20 (24%) ns

Diabetes, n (%) 29 (23%) 8 (19%) 21 (25%) ns

Smoking, n (%) 54 (43%) 20 (47%) 42 (50%) ns

BMI class, n (%)

Underweight 2 (2%) 0 2 (2%) ns

Normal 43 (34%) 17 (39%) 26 (31%)

Overweight 47 (37%) 14 (32%) 33 (40%)

Obese 20 (16%) 5 (12%) 15 (18%)

Hypercholesterolemia, n (%) 83 (66%) 29 (67%) 56 (67%) ns

Hypertriglyceridemia, n (%) 7 (6%) 3 (7%) 8 (10%) ns

NIHSS, median (IQR) 7 (4– 14) 4 (3– 5) 10 (6.5– 17.5) p < 0.001

MoCA- B, median (IQR) 23 (18– 26) 24.5 (20– 27) 21 (17.3– 26) ns

CDT, median (IQR) 9 (7– 11) 9 (7.5– 12) 9 (6– 11) ns

Thrombolysis, n (%) 28 (22%) 4 (9%) 24 (29%) p < 0.05

Thrombectomy, n (%) 16 (13%) 1 (2%) 15 (18%) p < 0.05

Imaging modality, n (%)

CT 56 (44%) 24 (56%) 34 (41%) ns

MRI 2 (2%) 0 2 (2%)

Both 68 (54%) 19 (44%) 46 (55%)

Infarct laterality, n (%)

Right 42 (33%) 15 (35%) 27 (32%) ns

Left 72 (57%) 22 (51%) 50 (60%)

Bilateral 12 (10%) 6 (14%) 6 (7%)

Infarct location, n (%)

Cortical 74 (59%) 24 (56%) 51 (61%) ns

Subcortical 46 (36%) 14 (33%) 25 (30%)

Cerebellar 4 (3%) 3 (7%) 4 (5%)

Brainstem 2 (2%) 2 (4%) 3 (4%)

Arterial territory, n (%)

ACA 1 (1%) 0 1 (1%) ns

MCA 111 (88%) 39 (90%) 72 (87%)

PCA 8 (6%) 2 (5%) 6 (7%)

VB 6 (5%) 2 (5%) 4 (5%)
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dysphagia score” (PreDyScore) [42] and the “Predictive Swallowing 
Score” (PRESS) [31].

Our study confirms the role of some previously highlighted pre-
dictive factors of post- stroke dysphagia, like the ischaemic lesion 
extension, frontal operculum involvement, the patient's age and 

pre- stroke functional status (mRS). Differently from the two previ-
ous studies, our study highlights the importance of thrombolysis as a 
protective factor against dysphagia, stressing once again the pivotal 
role of recombinant tissue plasminogen activator treatment in acute 
stroke management. Furthermore, education was a protective factor 

Dysphagic at admission, 
N = 126 (2 deaths)

Non- dysphagic at discharge, 
N = 43 (34%)

Dysphagic at discharge, 
N = 83 (66%)

Univariate 
analysis

Oxfordshire class, n (%)

LACI 23 (18%) 9 (21%) 14 (17%) p < 0.05

PACI 71 (56%) 31 (72%) 40 (48%)

POCI 9 (7%) 3 (7%) 6 (7%)

TACI 23 (18%) 0 23 (28%)

Frontal operculum involvement, n (%)

Opercular lesion 53 (42%) 4 (9%) 49 (59%) p < 0.001

Right opercular 19 1 (2%) 18 (22%)

Left opercular 34 3 (7%) 27 (32%)

White matter lesions

van Swieten scale, median (IQR) 2 (1– 4) 2 (1– 4) 2 (1– 4) ns

Fazekas scale, median (IQR) 2 (1– 4) 2 (1– 3) 3 (1– 5) ns

Cortical atrophy

Global Cortical Atrophy Scale, 
median (IQR)

14 (8– 21) 13.5 (9– 18) 14 (8– 22) ns

Scheltens scale, median (IQR) 2 (0– 2) 0 (0– 2) 2 (0– 2) ns

Stroke etiology, n (%)

LAA 34 (27%) 6 (14%) 20 (24%) ns

SVO 30 (24%) 9 (21%) 18 (22%)

CE 35 (28%) 17 (39%) 22 (26%)

Other 1 (1%) 0 1 (1%)

Undetermined 21 (17%) 7 (16%) 19 (23%)

Multifactorial 5 (4%) 4 (9%) 3 (4%)

Swallowing tests

FOIS, median (IQR) 4 (4– 6) 6 (6– 6) 4 (1– 4) p < 0.05

Stroke outcome at discharge

mRS, median (IQR) 3 (1– 4) 1 (1– 3) 4 (2– 5) p < 0.001

NIHSS, median (IQR) 3 (1– 7) 2 (0.5– 3) 5 (2.5– 9.5) p < 0.001

Barthel, median (IQR) 60 (25– 100) 85 (62.5– 100) 40 (10– 75) p < 0.001

Length of hospital stay, days, 
median (IQR)

10 (8– 15) 9 (7– 11.5) 12 (8– 17.5) p < 0.05

Discharge (destination)

Home 43 (34%) 25 (58%) 18 (21%) p < 0.001

Rehabilitation 56 (44%) 14 (41%) 48 (58%)

Nursing home 27 (21%) 4 (5%) 17 (20%)

Death 2 (0.1%) 0 2 (2%)

Abbreviations: ACA, anterior cerebral artery; ADL, activities of daily living; BMI, body mass index; CDT, Clock Drawing Test; CE, cardioembolic; 
CDR, Clinical Dementia Rating scale; CT, computed tomography; FOIS, Functional Oral Intake Scale; IADL, instrumental activities of daily living; 
IQR, interquartile range; LAA, large artery atherosclerosis; LACI, lacunar cerebral infarct; MCA, middle cerebral artery; MoCA- B, Montreal Cognitive 
Assessment— Basic; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NPI, 
Neuropsychiatric Inventory; PACI, partial anterior cerebral infarct; PCA, posterior cerebral artery; POCI, posterior cerebral infarct; SVO, small vessel 
occlusion; TACI, total anterior cerebral infarct; VB, vertebrobasilar.

TA B L E  2  (Continued)
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TA B L E  3  Demographic, clinical and neuroimaging characteristics of patients according to the presence/absence of dysphagia at stroke 
unit discharge.

All, N = 226 Non- dysphagic, N = 144 (64%) Dysphagic, N = 82 (36%) Univariate analysis

Sex, n (%)

Female 109 (49%) 65 (45%) 44 (54%) ns

Male 117 (51%) 79 (55%) 38 (46%)

Age, years, mean (SD) 76.3 (11.9) 74.2 (12.9) 78.9 (10.4) p < 0.05

Education, years, median (IQR) 8 (5– 11) 8 (5– 12) 6 (5– 8) p < 0.001

mRS pre- event, median (IQR) 0 (0– 1) 0 (0– 1) 0 (0– 2) p < 0.05

Lost ADL, median (IQR) 0 (0– 1) 0 (0– 0) 1 (0– 1) ns

Lost IADL, median (IQR) 0 (0– 1) 0 (0– 1) 0 (0– 2) ns

CDR, median (IQR) 0 (0– 0.5) 0 (0– 0) 0 (0– 0.5) ns

NPI, median (IQR) 1 (0– 3) 1 (0– 3) 1 (0– 3) ns

Vascular risk factors

Hypertension, n (%) 181 (80%) 117 (81%) 64 (78%) ns

Atrial fibrillation, n (%) 66 (29%) 46 (32%) 20 (24%) ns

Diabetes 53 (23%) 33 (23%) 20 (24%) ns

Smoke, n (%) 106 (47%) 69 (48%) 37 (45%) ns

BMI class, n (%)

Underweight 4 (1%) 2 (1%) 2 (2%) Normal vs. all: 
p < 0.05Normal 95 (42%) 69 (48%) 26 (32%)

Overweight 86 (38%) 54 (37%) 32 (39%)

Obese 41 (18%) 19 (13%) 22 (27%)

Hypercholesterolemia, n (%) 146 (65%) 92 (64%) 54 (66%) ns

Hypertriglyceridemia, n (%) 11 (5%) 6 (4%) 5 (6%) ns

NIHSS, median (IQR) 4 (2– 8) 3 (1– 4) 10 (6– 18) p < 0.001

MoCA- B, median (IQR) 23 (18– 26) 23 (18– 26) 21 (17– 26) ns

CDT, median (IQR) 9 (6– 11) 9 (6– 12) 9 (6– 11) ns

Thrombolysis, n (%) 44 (19.5%) 20 (14%) 24 (29%) p < 0.01

Thrombectomy, n (%) 23 (10.2%) 8 (6%) 15 (18%) ns

Imaging modality, n (%)

CT 91 (40%) 57 (40%) 34 (41%) ns

MRI 4 (2%) 2 (1%) 2 (3%)

Both 131 (58%) 85 (59%) 46 (56%)

Infarct laterality

Right 81 (36%) 55 (38%) 26 (32%) ns

Left 129 (57%) 79 (55%) 50 (61%)

Bilateral 16 (7%) 10 (7%) 6 (7%)

Infarct location

Cortical 121 (53%) 67 (46%) 54 (67%) p < 0.01

Subcortical 89 (39%) 70 (49%) 19 (23%)

Cerebellar 10 (4%) 4 (3%) 6 (7%)

Brainstem 6 (3%) 3 (2%) 3 (3%)

Arterial territory

ACA 2 (1%) 1 (0,7%) 1 (1%) ns

MCA 194 (86%) 123 (85%) 71 (87%)

PCA 14 (6%) 8 (6%) 6 (7%)

VB 16 (7%) 12 (8%) 4 (5%)
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for dysphagia and its persistence. At present, these data remain un-
explained also considering that cognitive scores were not protective. 
The latter result has the obvious caveat that our cognitive measures 
were limited to two brief tests. Nevertheless, these data are of in-
terest because they imply that cognitive status does not predict 

dysphagia in the acute phase and no pre- selection of patients for 
dysphagia screening should be done, and therefore all stroke pa-
tients need to be evaluated for dysphagia. It is instead known that 
cognitive status interferes with dysphagia recovery in the chronic 
stages [48, 49].

All, N = 226 Non- dysphagic, N = 144 (64%) Dysphagic, N = 82 (36%) Univariate analysis

Oxford class

LACI 41 (18%) 27 (19%) 14 (17%) TACI vs. all: 
p < 0.001

PACI vs. all: 
p < 0.01

PACI 136 (60%) 97 (67%) 39 (48%)

POCI 25 (11%) 19 (13%) 6 (7%)

TACI 24 (11%) 1 (0.7%) 23 (28%)

Frontal operculum involvement

Opercular lesion, n (%) 60 (26%) 12 (8%) 48 (58%) p < 0.001

Right opercular 20 (9%)

Left opercular 40 (18%)

White matter lesion

van Swieten scale, median (IQR) 2 (1– 4) 2 (1– 4) 2 (1– 4) ns

Fazekas scale, median (IQR) 3 (1– 5) 2 (1– 4) 3 (1– 4) ns

Cortical atrophy

Global Cortical Atrophy Scale, 
median (IQR)

15 (8– 20) 15 (9– 20) 14 (8– 22) ns

Scheltens scale, median (IQR) 2 (0– 2) 2 (0– 2) 2 (0– 2) ns

Stroke etiology

LAA 58 (26%) 37 (26%) 21 (26%) ns

SVO 55 (24%) 36 (25%) 19 (23%)

CE 62 (27%) 37 (26%) 25 (30%)

Other 4 (2%) 3 (2%) 1 (1%)

Undetermined 40 (18%) 26 (18%) 14 (17%)

Multifactorial 7 (3%) 5 (3%) 2 (2%)

Swallowing tests

FOIS, median (IQR) 6 (5– 7) 7 (6– 7) 4 (1– 4) p < 0.001

Stroke outcome at discharge

mRS, median (IQR) 1 (0– 4) 1 (0– 2) 4 (2– 5) p < 0.001

NIHSS, median (IQR) 2 (0– 4) 1 (0– 2) 5 (2– 9) p < 0.001

Barthel, median (IQR) 90 (50– 100) 100 (85– 100) 40 (10– 75) p < 0.001

Length of hospital stay, days, median 
(IQR)

9 (6– 13) 8 (6– 10) 12 (8– 18) p < 0.001

Discharge (destination)

Home 129 (57%) 111 (77%) 18 (21%) p < 0.001

Rehabilitation 68 (30%) 26 (18%) 42 (50%)

Nursing home 29 (12%) 7 (5%) 22 (26%)

Death 2 (1%) 0 (0%) 2 (2%)

Abbreviations: ACA, anterior cerebral artery; ADL, activities of daily living; BMI, body mass index; CDT, Clock Drawing Test; CE, cardioembolic; 
CDR, Clinical Dementia Rating scale; CT, computed tomography; FOIS, Functional Oral Intake Scale; IADL, instrumental activities of daily living; 
IQR, interquartile range; LAA, large artery atherosclerosis; LACI, lacunar cerebral infarct; MCA, middle cerebral artery; MoCA- B, Montreal Cognitive 
Assessment— Basic; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NPI, 
Neuropsychiatric Inventory; PACI, partial anterior cerebral infarct; PCA, posterior cerebral artery; POCI, posterior cerebral infarct; SVO, small vessel 
occlusion; TACI, total anterior cerebral infarct; VB, vertebrobasilar.

TA B L E  3  (Continued)
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Another difference from the PRESS study was that the popula-
tion of our study included less severe stroke patients (median base-
line NIHSS of 12 in the PRESS study vs. median NIHSS 4 in our study) 
[31].

This study has several limitations. First is the retrospective 
nature. Furthermore, the results are applicable only to patients 
with ischaemic stroke, as this was the focus of our analyses. 
Moreover, the heterogeneity in the imaging modalities (CT or 
MRI) could have affected the detection of lesions in strategic 
sites (e.g., small opercular lesions are not easily detectable in 
CT scans) in some patients. Moreover, in this study, the pres-
ence of dysphagia was defined as an FOIS score ≤6. This cut- off 
was chosen arbitrarily, to maximize sensitivity for dysphagia. In 

previous studies assessing FOIS validity against a videofluoro-
scopic swallowing study and FEES, a linear correlation between 
the methods was underlined, but a specific cut- off for dysphagia 
diagnosis was not defined. Only a small minority of our patients 
underwent FEES. Therefore, the presence of laryngopharyngeal 
reflux as a cause of aspiration cannot be excluded in all patients. 
Finally, the NOTTEM score needs future validation in an inde-
pendent sample.

The strength of the study is the creation of a clinical prognostic 
score with good diagnostic accuracy and easy applicability in ev-
eryday practice by medical staff, constituting important decisional 
support in the implementation of nutritional invasive strategies like 
NGT or PEG placement.

TA B L E  4  NOTTEM (NIHSS, operculum, TACI, thrombolysis, 
education, mRS) score.

Item Values Points

NIHSS at admission <4 0

4 ≤ NIHSS ≤ 7 1

>7 2

Operculum Absence of frontal 
opercular lesion

0

Presence of frontal 
opercular lesion

2

TACI No 0

Yes 2

Thrombolysis No 1

Yes 0

Education Years of school ≤7 1

Years of school >7 0

mRS at admission <2 0

≥2 1

NOTTEM score Total:___

Abbreviations: mRS, modified Rankin Scale; NIHSS, National Institutes 
of Health Stroke Scale; TACI, total anterior circulation infarct.

TA B L E  5  Sensitivity, specificity, positive and negative predictive values for NOTTEM score.

Criterion Sensitivity (95% CI) Specificity (95% CI)
Positive predictive 
value (95% CI)

Negative predictive 
value (95% CI)

≥0 100.00 (95.6– 100.0) 0.00 (0.0– 2.5) 36.3 (36.3– 36.3)

>0 100.00 (95.6– 100.0) 2.78 (0.8– 7.0) 36.9 (36.3– 37.6) 100.0

>1 96.34 (89.7– 99.2) 40.97 (32.9– 49.5) 48.2 (44.6– 51.7) 95.2 (86.4– 98.4)

>2 85.37 (75.8– 92.2) 70.14 (62.0– 77.5) 61.9 (55.5– 68.0) 89.4 (83.2– 93.5)

>3 73.17 (62.2– 82.4) 87.50 (81.0– 92.4) 76.9 (68.0– 84.0) 85.1 (79.9– 89.2)

>4 53.66 (42.3– 64.7) 97.92 (94.0– 99.6) 93.6 (82.5– 97.9) 78.8 (74.6– 82.4)

>5 31.71 (21.9– 42.9) 100.00 (97.5– 100.0) 100.0 72.0 (68.9– 74.9)

>6 20.73 (12.6– 31.1) 100.00 (97.5– 100.0) 100.0 68.9 (66.5– 71.2)

>7 2.44 (0.3– 8.5) 100.00 (97.5– 100.0) 100.0 64.3 (63.5– 65.1)

>8 0.00 (0.0– 4.4) 100.00 (97.5– 100.0) 63.7 (63.7– 63.7)

F I G U R E  1  ROC curve for NOTTEM score >3.
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CONCLUSIONS

In conclusion, predictors of dysphagia were found in acute stroke 
patients and a score that might be useful was proposed, evaluating 
clinical and neuroimaging variables at admission, to estimate the risk 
of dysphagia persistence during the first 2 weeks of stroke unit stay. 
It was not possible to document an effect of cognitive measures on 
dysphagia in the acute stroke phase. The role of cognition on dys-
phagia recovery remains to be assessed. Moreover, a validation of 
the NOTTEM score in an independent sample needs to be assessed 
as a future perspective.
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