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 Improvement and Feeding Tube
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Objective: To assess ischemic stroke patients regarding the relationship between
lesion locations, swallowing impairment, medical and demographic factors and
(1) oral intake improvement and (2) feeding tube dependency at discharge from
their acute hospital stay. Methods: We conducted an exploratory, retrospective
observational longitudinal cohort study of acute, first-ever, ischemic stroke patients.
Patients who had an initial nonoral feeding recommendation from a speech and lan-
guage pathologist and who underwent a modified barium swallow study within
their hospital stay were included. Oral intake status was measured with the Func-
tional Oral Intake Scale (FOIS) as the change in FOIS during the hospital stay and
as feeding tube dependency at hospital discharge. Associations were assessed with
multiple linear regression modeling controlling for age, comorbidities, and hospital
length of stay. Results: We included 44 stroke patients. At hospital discharge, 93%
of patients had oral intake restrictions and 30% were feeding tube dependent. Fol-
lowing multiple linear regression modeling, age, damage to the left superior frontal
gyrus, dorsal anterior cingulate gyrus, hypothalamus, and nucleus accumbens
were significant predictors for FOIS change. Feeding tube dependency showed no
significant associations with any prognostic variables when controlling for con-
founders. Conclusions: The vast majority of patients with an initial nonoral feeding
recommendation are discharged with oral intake restrictions indicating a continued
need for swallowing assessments and treatment after discharge. Lesion locations
associated with motivation, reward, and drive to consume food as well as swallow-
ing impairment, higher age, and more comorbidities were related to less oral intake
improvement.
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Introduction

Swallowing disorders, dysphagia, are a common and
disabling condition after stroke affecting the majority of
acute stroke patients.1,2 Dysphagia is associated with
stroke mortality,3 serious short- and long-term complica-
tions, such as pneumonia,1,4 malnutrition, and dehydra-
tion,5 and has a negative impact on patients’ self-esteem,
enjoyment of life and socialization.6

While some stroke patients with dysphagia recover spon-
taneously, some patients require therapy to improve, and,
unfortunately, some patients with dysphagia never recover,
even with therapy.7-10 Early predictions of who will recover
are essential to streamline and individualize patient care,
facilitate recovery, make informed decisions for rehabilitation
and counsel patients and families. For example, if clinicians
can better predict severe and long-lasting oral intake
impairment versus early recovery, they can allocate resources
such as feeding tubes and intensive rehabilitation. However,
it is not well understood which factors contribute to dyspha-
gia recovery offering motivation for the current study.
Likely, several factors impact poststroke dysphagia recov-

ery, including intrasubject factors and treatment specific fac-
tors. One intrasubject factor could be lesion location(s), as it
has been shown that lesion locations are associated with
stroke recovery in general.11,12 However, whether lesion loca-
tions are associated with the nature and extent of dysphagia
recovery remains speculative.13 For example, previous
research suggests that dysphagia recovery may depend on
whether lesions occur bilaterally or unilaterally,14 or whether
the dominant or nondominant swallowing hemisphere is
lesioned.15,16 Moreover, different lesion locations or combina-
tions of lesion locations might be associated with the extent
of recovery at different time points after stroke.17,18

Other than lesion locations, intrasubject factors such as
genetic polymorphisms,19 stroke type,20 degree of leukoar-
aiosis,20 previous cognitive impairment,20 baseline National
Institute of Health Stroke Scale (NIHSS) score,14,20 intuba-
tion,14 and identified aspiration14 have been linked to post-
stroke dysphagia recovery. Further, treatment specific
factors such as specificity, intensity, and repetition,21 and the
onset time of treatment after stroke22 have also been associ-
ated with poststroke dysphagia recovery.
The available evidence, however, has limitations that may

have influenced study results. For example, many studies
did not use instrumental assessments to determine dyspha-
gia occurrence, did not use instrumental assessments for all
patients, did not control for the initial dysphagia severity, or
applied lesion location analyses lacking precision by using
categorical variables and choosing large regions of interest
(ROIs) (e.g., the entire brainstem instead of dividing the
brainstem into its different components).
The objective of our study was to assess factors including

precise stroke lesion locations, swallowing physiology, medi-
cal and demographic characteristics, and their relationship
with the acute recovery of poststroke dysphagia. Our
primary hypothesis was that swallowing recovery is associ-
ated with distinct lesion locations independent of confound-
ing factors such as age, lesion volume, and length of hospital
stay (LOS). Because the relationship between lesion locations
and swallow recovery is understudied and poorly under-
stood, we defined our study as exploratory. We measured
recovery during the acute hospital stay using the surrogate
of (1) improvement in oral intake and (2) absence of feeding
tube dependency. Oral intake status is a functional and
highly relevant patient-centered outcome. To limit confound-
ing factors for recovery, we only included first-ever ischemic
stroke patients with an initial nonoral intake recommenda-
tion (non per os =NPO) who all received a Modified Barium
Swallow Study (MBSS) during their hospital stay.
Methods

Patients

We conducted a retrospective observational longitudinal
cohort study of acute stroke patients admitted between 2008
and 2017 to XXX (hospital anonymized for review). We selected
patients from our larger study of 68 ischemic stroke patients
on the influence of stroke lesion location on swallowing phys-
iology.23 These 68 patients of the larger study were a conve-
nience sample identified based on retrospective chart
reviews. Patients were included if they presented with radio-
graphically confirmed acute, ischemic, first-ever stroke,
underwent diffusion weighted MRI (DW-MRI) scanning and
a MBSS during their acute hospital stay. Patients were
excluded if they had a history or neuroimaging (radiographi-
cal) evidence of previous strokes or diseases commonly affect-
ing swallowing (e.g., head and neck cancer, Parkinson's,
dementia), or were younger than 21 years. For the study pre-
sented here, we selected patients from our larger study, if the
speech and language pathologist (SLP) recommended NPO
intake at the very first SLP and patient encounter and they
were diagnosed as dysphagic by an SLP. Demographic and
medical information were extracted frommedical charts.
Dependent Variables

Change in oral intake from the first to last SLP encounter
was used as a surrogate for swallow recovery. We used the
Functional Oral Intake Scale (FOIS)24 to measure oral intake
status. The FOIS is a validated and reliable 7-point ordinal
scale ranging from a score of “1” denoting “nothing by
mouth” to a score of “7” denoting “total oral diet with no
restrictions.” The primary outcome was overall change in
oral intake from the first to last SLP encounter. The secondary
outcomewas feeding tube dependency (FOIS score 1-3) at the
last SLP encounter. Since we only included patients who had
a recommendation of NPO (FOIS score 1) at their first SLP
encounter, all patients had the same initial FOIS level.
It is standard of care, at the Medical University of South Caro-

lina and elsewhere, that SLPs assess stroke patients with dys-
phagia and provide recommendations regarding their oral
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intake based on their clinical and/or instrumental swallowing
assessment. SLPs recommend whether patients with dyspha-
gia can safely eat and/or drink and if they needmodifications
of food and liquid consistencies. For patients who have
signs/symptoms or confirmed dysphagia and who are not
safe to eat or drink anything, SLPs will recommend NPO.
MBSSs assist in diagnosing the underlying swallowing
impairment and inform treatment decisions. The medical
team, consisting of physicians, SLPs, dietitians, and nurses,
will discuss a treatment plan and recommend a form of alter-
native feeding (e.g., nasogastric tube feeding or intravenous
fluids). At every encounter, the SLP re-evaluates the dyspha-
gia status and updates the oral intake recommendations if
changes have occurred. The oral intake recommendation at
the last SLP encounter before hospital discharge was used to
determine the primary and secondary outcomemeasures.
Independent Variables

We investigated the relationship between the following
independent variables with the dependent variables oral
intake improvement, and feeding tube dependency: stroke
lesion locations, lesion volume (in mL), physiological swal-
lowing impairment, modified Rankin Scale, NIHSS, Charlson
Comorbidity Index (CCI), number of days between MRI and
MBSS, LOS (in days), and age (in years), sex, and race. All
variables except lesion location and volume, and physiologi-
cal swallowing impairment were extracted from chart review.
Table 1. Selected regions of interest (ROIs) for the lesion

location analyses

Brain region Reference

Primary motor and sensory cortex 35,43-46

Supplementary motor area 43-45,47

Superior frontal gyrus 48,49

Middle frontal gyrus 46

Inferior frontal gyrus 17,18,46,50-52

Orbitofrontal cortex 34,43

Operculum 34,45,46,53

Parietal lobe 35,44,51

Angular gyrus 34

Supramarginal gyrus 34,53

Superior temporal gyrus 34,46

Insula 44-46,54

Cingulate gyrus 35,44,45

Basal ganglia, putamen, caudate 43

Thalamus 35,55

Hypothalamus 56-58

Amygdala 48,59

Nucleus accumbens 56,60

Corona radiata 18,61

Internal capsule 17,43

External capsule 18,61

Superior longitudinal fasciculus 34,61

Periventricular white matter 62,63

Cerebellum 35,48,64

Pons 65,66

Medulla 65,67-69
Lesion locations and volume from DW-MRI

Neuroimaging data was obtained from conventional stan-
dard of care brain MRIs that all patients underwent for stroke
diagnosis. All patients received whole brain DW-MRI, with
voxel-wise resolution ranging from 0.9375£ 0.9375£
3.0000 mm to 1.4458£ 1.4458£ 6.0000 mm. Since the patient
recruitment period ranged from 2008 to 2017, MRI sequence
details varied as a result of improvements in diagnostic radi-
ology technology during this time. Using the software
dcm2niix, we converted MR DICOM images into NIfTI
files.25 Using the software MRIcron (www.mricron.com)
(released October 2016, obtained from www.nitrc.org), one
rater (JW) manually drew the acute stroke lesions in the DW-
MRIs. A neurologist (LB) reviewed all lesion drawings for
accuracy and precision. At the time of lesion drawings, both
raters (JW, LB) were blinded to the FOIS results. Stroke
lesions were spatially normalized into standard space to
allow the comparison of lesion locations across individuals
by using SPM12 (version 7487, released October 2014, Func-
tional Imaging Laboratory,Wellcome Trust Centre for Neuro-
imaging Institute of Neurology, University of London, UK)
and open source Matlab scripts developed in-house.26 We
first smoothed the lesion maps by removing uneven edges
using a 3 mm full-width half maximumGaussian kernel; sec-
ond, we used SPM120s unified segmentation-normalization
to apply an enantiomorphic approach27 to normalize the
DW-MRI onto the standard space (1£ 1£ 1 mm chimeric
T1-weighted image, with the corresponding to the stroke
lesion being replaced by the mirrored equivalent region in
the intact hemisphere). We determined lesion locations by
using the Johns Hopkins University (JHU) neuroanatomical
atlas that segments the brain into 189 regions.28 Lesion status
was measured on a continuous scale as percentage lesion of
each ROI of the JHU atlas.We determined total lesion volume
in cubic mm based on the number of voxels being lesioned.
Region of interest selection

We selected ROIs based on previous published literature
(original research articles, reviews, meta-analyses, case
reports) that identified ROIs associated with swallowing,
dysphagia occurrence, dysphagia recovery, or food con-
sumption. These a-priori ROIs are listed in Table 1.
Swallowing physiology impairment

Swallow physiology measures were derived from MBSSs
that all followed the standardized and validated Modified
Barium Swallow Impairment Profile (MBSImP).29 The
MBSImP assesses in total 17 swallow physiology components
including 6 oral, 10 pharyngeal, and 1 esophageal compo-
nent. Further, entrance of bolus material in the upper airway

http://www.mricron.com
http://www.nitrc.org
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was measured with the validated and standardized Penetra-
tion-Aspiration Scale (PAS)30 as the worst score across swal-
lows. One rater (JW) scored the MBSImP and PAS for all
MBSSs and scored 20% of the same MBSS again with at least
2 weeks in between to establish intrarater reliability. A second
rater (JC) scored 20% of all MBSSs to establish inter-rater reli-
ability. Intra- and inter-rater reliability were good to excellent
for theMBSImP and PAS.
Statistical Analyses

Using Spearman correlation analyses, we assessed associ-
ations between the independent and dependent variables.
We interpreted the size of correlations with |r| < .3 as
weak, .3 � |r| < .5 as moderate, and |r| � .5 as strong.31

Linear and logistic multivariable regression modeling was
used to assess the strength of the relationship between 2 var-
iables while controlling for other variables. P values < .05
were considered statistically significant.
Table 2. Demographic and

Demographical and Diagnostic Information

Age, in years, mean (SD; range)

Gender, N (%) Female

Male

Race, N (%) White or Caucasia

Black or African-A

Asian

Other/Unknown

Ethnicity, N (%) Not Hispanic or La

Hispanic or Latino

Status at hospital admission and stroke

characteristics

National institute of health stroke scale, N,

mean (SD; range)

Modified rankin scale, N, median (range)

Charlson comorbidity index, mean (SD; range)

Lesion volume (in ml / cc), mean (SD; range)

Hospital course

Length of hospital stay (in days), mean

(SD; range)

Tissue plasminogen activator, N (%)

Thrombectomy, N (%)

Intubation, N (%)

Tracheotomy, N (%)

Hospital discharge

Percutaneous endoscopic gastrostomy,

N (%)

Nasogastric feeding tube

Discharge destination, N (%) Rehabilitation faci

Home/home health

(Skilled) nursing f

Long term care ho

Transitional care u

Other hospital

Hospice/home hos

Deceased

Unknown
The script NiiStat (version 9, released October 2016, Neu-
roimaging Informatics Tools and Resources Clearinghouse,
Free Software Foundation, Boston, Massachusets) running
on Matlab (version R2016b, released September 2016, The
MathWork Inc., Natick Massachusetts) and SPM12 (Func-
tional Imaging Laboratory, Wellcome Trust Centre for Neu-
roimaging Institute of Neurology, University College
London) was used to determine percentage lesion in the
JHU ROIs. SAS statistical software (version 9.4, released
2016, SAS Institute, Inc., Cary, NC) or IBM SPSS Statistics
for Windows (version 24, released 2016, IBM Corp.,
Armonk, NY) were used for any other statistical analyses.
The study was approved by our Institutional Review Board.

Results

Patient Characteristics

In total, 44 patients were included in the study. Demo-
graphic and medical information are shown in Table 2.
medical information

67.48 (15.89; 28-90)

23 (52%)

21 (48%)

n 29 (66%)

merican 15 (34%)

0 (0%)

0 (0%)

tino 44 (100%)

0 (0%)

N = 42, 14.31 (5.94; 2-26)

N = 37, 0 (0-4)

0.86 (1.34; 0-6)

112.28 (97.95; 0.43-360.72)

12.82 (14.29; 2-90)

21 (48%)

11 (25%)

6 (14%)

2 (5%)

10 (23%)

3 (7%)

lity 28 (63.6%)

6 (13.6%)

acility 2 (4.55%)

spital 0 (0.0%)

nit 1 (2.3%)

1 (2.3%)

pice 2 (4.5%)

1 (2.3%)

3 (6.8%)
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On average, patients were 67-year-old and presented at
admission with moderate stroke severity based on the
NIHSS. About half of all patients received tissue plasmin-
ogen activator and the majority were discharged to
rehabilitation facilities. Further, on average, 1.55 days
(SD 2.24) after hospital admission, patients received a
DW-MRI and on average 3.59 days (SD 4.33) after the ini-
tial DW-MRI, patients underwent a MBSS. The first SLP
encounter was on average 1 day (SD 1, range 0-7) after
admission, and the last SLP encounter was on average
1 day before discharge (SD 1, range 0-4).
The distribution and locations of the stroke lesions of

all 44 patients is shown in Figure 1 by illustrating which
brain regions were lesioned in how many patients. Mid-
dle cerebral artery territories in both hemispheres were
the most commonly lesioned brain regions. The highest
number of patients showed lesions in the left posterior
insula and left external capsule, thus, the highest rela-
tive power was in these regions. Further, Figure 1 illus-
trates that some brain regions (e.g., pons) were not
lesioned in any of the 44 patients, and thus, were not
included in the statistical analyses.
Table 3 gives an overview of the distribution of PAS

and MBSImP component and total scores. Components
13 (pharyngeal contraction) and 17 (esophageal clear-
ance) had substantially missing data (39% and 66% of
patients had no score, respectively). Missing data is
common in patients with neurological disorders
because they are often unable to reposition to the ante-
rior-posterior position required to accurately detail the
integrity of these 2 components. For all other PAS, com-
ponent, and total scores the group of 44 patients had a
broad data distribution with representations of almost
all possible scores.
Figure 1. Lesion overlap of all included stroke patients (N = 44). The first
row shows the cortical surfaces of the left and right hemispheres, the second
and third rows show axial brain slices. Different colors represent different
numbers of patients with lesions in that area. As denoted by the color bar,
red highlighted areas were lesioned in the highest number of patients (>10
patients), whereas purple highlighted regions were lesioned in very few
patients, and not highlighted areas were not lesioned in any patient. Abbre-
viation: L, left hemisphere; R, right hemisphere.
FOIS Score Distribution

Figure 2 shows the distribution of FOIS scores at the last
SLP encounter. The median FOIS score at hospital dis-
charge (last SLP encounter) was 4.5 (range 1-7). At time of
hospital discharge, 13 patients (29.5%) were completely or
in part feeding tube dependent (FOIS 1-3). Thirty-one of
44 patients (70.5%) who were initially non per os (NPO)
were discharged on an oral diet without feeding tube
dependency (FOIS 4-7). Three of the 31 patients (6.8%)
returned to a normal oral diet (FOIS 7).
Change in Oral Diet: FOIS Change from First to Last
SLP Encounter

Lesion location and volume

Four JHU ROIs showed significant correlations (with corre-
lations coefficients between r = ¡.3 and r = ¡.4) with more
damage in the ROI being associated with less improvement
on the FOIS. The significant ROIs were: left superior frontal
gyrus (frontal pole), left dorsal anterior cingulate gyrus, left
hypothalamus, and left nucleus accumbens. These associations
all remained statistical significant after controlling for age,
CCI, and LOS in multivariable linear regression modeling.
Total lesion volume did not correlate with FOIS change and
was not a significant factor after controlling for confounders.
Physiological swallowing impairment

FOIS change had a significant negative correlation with
MBSImP components 4 (bolus transport) (r = ¡.15, P = .02),
10 (epiglottic movement) (r =¡.37, P = .01), 14 (pharyngoeso-
phageal segment opening) (r = ¡.30, P = .05), and PAS
(r = ¡.38, P = .01). After controlling for age, CCI, and LOS,
the MBSImP components 4 (bolus transport) (ß = ¡.40,
P = .08), and 10 (epiglottic movement) (ß =¡.73, P = .07), and
PAS (ß =¡.28, P = .09) showed a trend toward significance.
Other demographic and medical variables

FOIS change had a significant negative correlation with
age (r = ¡.39, P = .01) and CCI (r = ¡.35, P = .02). Age
remained significant after controlling for CCI and LOS
(ß = ¡.03, P = .04). No other correlations or multivariable
regression models were statistical significant.
Feeding Tube Dependency

At discharge, 13 (29.55%) patients were feeding tube
dependent (10 patients had a percutaneous endoscopic
gastrostomy [PEG] tube, 3 patients opted out of a PEG
tube placement and kept a nasogastric tube). No statisti-
cally significant differences were detected between feed-
ing tube dependent and nondependent patients in terms
of age, gender, race, ethnicity, NIHSS, modified Rankin
Scale, CCI, lesion volume, and LOS.



Table 3. Distribution of MBSImP and PAS scores across all included patients (N = 44) (higher values indicate more severe

impairment)

Variable (possible score range) Median Range Missing data

MBSImP components

C1 � Lip closure (0-4) 2 0-4 0

C2 � Tongue control (0-3) 1 0-3 0

C3 � Bolus preparation (0-3) 0 0-3 7

C4 � Bolus transport (0-4) 2 0-3 0

C5 � Oral residue (0-4) 2 1-4 0

C6 � Initiation of pharyngeal swallow (0-4) 3 1-3 0

C7 � Soft palate elevation (0-4) 0 0-2 0

C8 � Laryngeal elevation (0-3) 1 0-2 0

C9 � Anterior hyoid excursion (0-2) 1 0-2 0

C10 � Epiglottic movement (0-2)t 1 0-2 0

C11 � Laryngeal vestibular closure (0-2) 1 0-2 0

C12 � Pharyngeal stripping wave (0-2) 1 0-2 0

C13 � Pharyngeal contraction (0-3) 0 0-2 17

C14 � PES opening (0-3) 1 0-2 0

C15 � Tongue base retraction (0-4) 2 1-3 0

C16 � Pharyngeal residue (0-4) 2 1-3 0

C17 � Esophageal clearance (0-4) 1 0-2 29

MBSImP total scores

Oral total (0-22) 11.5 0-18 0

Pharyngeal total (0-29) 8 0-19 0

PAS (1-8) 3 1-8 0

Abbreviations: C, components; MBSImP, Modified Barium Swallow Impairment Profile; PAS, Penetration-Aspiration Scale.

Figure 2. Distribution of FOIS scores at last SLP encounter. Abbreviation:
FOIS, functional oral intake scale; SLP, speech and language pathologist.
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Lesion location and volume

Three JHU regions showed significant correlations
(range r = ¡.38 to .30, P < .05) with more damage in the
ROI being associated with feeding tube dependency at
the last SLP encounter: right superior parietal gyrus, right
angular gyrus, and left cingulate gyrus. When controlling
for age, CCI, and LOS in a multivariable logistic regres-
sion model, none of the regions remained statistically sig-
nificant. Total lesion volume did not correlate with
feeding tube dependency and was not a significant factor
after controlling for confounders.
Physiological swallowing impairment

The MBSImP component 6 (initiation of the pharyn-
geal swallow) significantly correlated with feeding
tube dependency at discharge (r = ¡.29, P = .05). After
controlling for age, CCI, and LOS, component 6 (initia-
tion of the pharyngeal swallow) showed a trend
toward significance (P = .09).
Other demographic and medical variables

CCI significantly correlated (r = ¡.29, P = .05) with
feeding tube dependency at discharge, but did not remain
significant in adjusted analyses. No other variables were
statistically significantly associated with feeding tube
dependency.
Discussion

The goal of our exploratory study was to assess factors
associated with recovery of swallowing impairment after
stroke. We measured recovery of swallowing impairment
as the change in oral intake during the hospital stay and
feeding tube dependency at hospital discharge. We only
included patients with a recommendation of NPO at the
first SLP encounter who received a MBSS during their
hospital stay to ensure the best possible comparability
between patients and their potential for recovery. The
majority of patients in our study showed substantial
improvement during their hospital stay: 70% of all
44 included patients progressed to an oral diet without
feeding tube dependency while 30% remained feeding
tube dependent at discharge. However, more than 90% of



Figure 3. Region of interests associated with less oral intake improvement
after controlling for age, CCI, and LOS in multivariable linear regression
modeling. A = oblique view; B = left hemisphere, lateral; C = left hemisphere,
medial; red = left superior frontal gyrus (frontal pole); green = left dorsal
anterior cingulate gyrus; blue = left hypothalamus; yellow = left nucleus
accumbens. Abbreviations: CCI, Charlson Comorbidity Index; LOS, length
of hospital stay.
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patients were on a restricted diet (ranging from tube fed to
oral diet with restrictions) at discharge, emphasizing the
importance of postdischarge follow up.

Change in Oral Diet: FOIS Change from First to Last
SLP Encounter

We found that while controlling for confounders,
regional lesion burden in the left superior frontal gyrus
(frontal pole), left dorsal anterior cingulate gyrus, left
hypothalamus, and left nucleus accumbens were all sig-
nificantly associated with less improvement in oral intake.
Figure 3 visualizes the location of these ROIs in a standard
brain from different angles. These ROIs mainly comprise
structures of the limbic system (cingulate gyrus, hypothal-
amus) or are connected to the limbic system (nucleus
accumbens). These structures are known to be involved in
emotions, motivation, and reward functions, as well as
hunger and thirst regulation. Further, all significant ROIs
were located in the left hemisphere. This is in contrast to
results from previous studies where we found heavy right
hemisphere associations for distinct physiological swal-
lowing impairments.32,33 These findings implicate that
regions controlling food motivation and consumption
might be more important for improvement in oral intake
than regions involved in the sensorimotor control of swal-
lowing. This suggests that more attention should be given
to the factors of motivation and interest in food consump-
tion during clinical assessments and treatments.
Moreover, neither total lesion volume, nor any of the

ROIs with the on average highest lesion load (percent
damage across patients) were significantly associated
with FOIS change. Thus, improvement in oral intake dur-
ing the hospital stay is not a simple function of how much
of a patient's brain was damaged. Older age, higher
comorbidity score, and higher (worse) scores on PAS and
3 MBSImP components � 4 (bolus transport), 10 (epiglot-
tic movement), 14 (pharyngoesophageal segment open-
ing) � were significantly, but weakly correlated with less
improvement in oral intake during the hospital stay. Only
age remained an independent predictor after controlling
for confounders. The weak associations between swallow-
ing components and oral intake change might be a result
of the latency between the MBSS and the oral intake status
at discharge as the MBSSs were not necessarily performed
close to discharge. Future studies with larger sample sizes
that include a MBSS near discharge are warranted to
investigate this relationship in more detail.

Feeding Tube Dependency

We did not find any independent predictors for feeding
tube dependency at hospital discharge after controlling
for confounders. Reasons why we were not able to reveal
independent predictors for feeding tube dependency are
speculative. One possible reason is insufficient statistical
power. Compared to FOIS change, where we revealed
several independent predictors, feeding tube dependency
was a binary outcome, and only 30% of patients
(13 patients) had a feeding tube at time of discharge.
Further, feeding tube dependency might be related to

other existing factors that go beyond stroke characteristics
and a patient's health status. Previous evidence suggests
that patient-centered factors are not the only drivers of
the decision to place a gastrostomy tube in a stroke
patient. Instead, hospital factors, such as stroke volume or
for-profit status,36 and/or next level care institutions’
preference for admittance of patients with PEG tubes
instead of nasogastric tubes may influence gastrostomy
tube placement during the acute hospital stay.37,38

Other Factors Influencing PostStroke Swallow Recovery

Stroke recovery depends on multiple factors including
age, genetic factors,19 complications following the stroke
(e.g., hemorrhagic transformation),39 patient health status,
and rehabilitation therapy.40,41 In turn, the success of
rehabilitation therapy also depends on a variety of factors,
for example the treatment's specificity, intensity, and rep-
etition,21,40 the patient's lifestyle and time after stroke,41 or
the preservation of structural brain networks.42 In the
study presented here, we investigated a few select demo-
graphic and medical factors, but were not able to account
for other potentially important factors, such as genetic fac-
tors and rehabilitation therapy.
Moreover, we used oral intake (FOIS) as a surrogate for

recovery of swallow impairment. Oral intake status is a
functional and highly relevant patient-centered outcome;
however, oral intake status does not allow for conclusions
about the presence, degree, and type of dysphagia. Oral
intake recommendations should be based on a patient's
swallowing ability, but are also based on other factors, such
as agitation, limited alertness, and the amount of food and
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liquid consumed to meet nutrition and hydration needs.
Further, oral intake recommendations might also reflect
clinicians’ confidence or comfort in what they believe the
patient can tolerate. By only including patients who had a
MBSS, information on swallow physiology was available
for all patients in our study, and we attempted to control for
variation related to the available information on swallow
physiology. Nevertheless, future studies are needed that
investigate dysphagia recovery by assessing swallowing
impairment with MBSSs at different time points poststroke.
Results of changes in swallowing impairment could then be
correlated to other swallowing outcomes, such as medical
complications, oral intake, or self-perceived quality of life.

Limitations

Our study has other limitations in addition to factors influ-
encing stroke recovery that we were not able to include. For
example, the lesion location analyses were mainly restricted to
supratentorial lesion locations, because only very few patients
had infratentorial lesions. Thus, we were not able to investi-
gate relationships between lesions in the brainstem or cerebel-
lum and oral intake improvement. We carefully selected
patients to control for heterogeneities in patients’ diagnoses
and dysphagia management. However, this selection bias lim-
its the generalizability of our results to patients who under-
went a MBSS during their acute hospital stay. Further, some
of our statistical analyses may have been underpowered, and
thus, limited the detection of additional factors associated
with oral intake improvement and feeding tube dependency.

Conclusions

In this study of 44 stroke patients, 90% of those with an
initial NPO recommendation did not progress to a normal
oral diet (FOIS 1-6) and 30% remained feeding tube depen-
dent (FOIS 1-3). These findings of persistent dysphagia indi-
cate a continued need for swallowing re-evaluation and
treatment after discharge from the acute hospital stay. A
novel finding was, lesion locations associated with motiva-
tion, reward, and drive to consume food were related to less
oral intake improvement at discharge. In patients who dem-
onstrated oral intake improvement, multiple factors were
related to the magnitude of improvement including severity
of swallowing impairment, age, and severity of comorbid-
ities albeit with weak associations.

Compliance With Ethical Standards

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Because the study was retrospective, informed consent

was waived and not obtained from the participants
included in this study.
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