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Background and PurposezzThe functional recovery after the lateral medullary infarction 
(LMI) is usually good. Little is known about the prognostic factors associated with poor out-
come following acute LMI. The aim of this study was to identify the factors associated with 
poor long-term outcome after acute LMI, based on experiences at a single center over 11 years.
MethodszzA consecutive series of 157 patients with acute LMI who were admitted within 7 
days after symptom onset was evaluated retrospectively. Clinical symptoms were assessed 
within 1 day after admission, and outcomes were evaluated over a 1-year period after the ini-
tial event. The lesions were classified into three vertical types (rostral, middle, and caudal), 
and the patients were divided into two groups according to the outcome at 1 year: favorable 
[modified Rankin Scale (mRS) score ≤1] and unfavorable (mRS score ≥2).
ResultszzOf the 157 patients, 93 (59.2%) had a favorable outcome. Older age, hypertension, 
dysphagia, requirement for intensive care, and pneumonia were significantly more prevalent 
in the unfavorable outcome group. The frequencies of intensive care (13%) and mortality 
(16.7%) were significantly higher in the rostral lesion (p=0.002 and p=0.002). Conditional lo-
gistic regression analysis revealed that older age and initial dysphagia were independently re-
lated to an unfavorable outcome at 1 year [odds ratio (OR)=1.04, 95% confidence interval 
(95% CI)=1.001–1.087, p=0.049; OR=2.46, 95% CI=1.04–5.84, p=0.041].
ConclusionszzThese results suggest that older age and initial dysphagia in the acute phase 
are independent risk factors for poor long-term prognosis after acute LMI.
Key Wordszz lateral medullary infarction, prognosis, dysphagia, age.

Dysphagia May Be an Independent Marker of Poor 
Outcome in Acute Lateral Medullary Infarction

INTRODUCTION

A wide variety of factors influence stroke prognosis, including stroke severity, location, 
and mechanism, comorbidities, clinical findings, and age. Interventions such as care in 
stroke unit or intensive care unit (ICU) and rehabilitation can also play important roles 
in stroke outcome.1-4 Knowledge of the important factors that affect prognosis after stroke 
is essential for an integrated approach for the treatment of stroke patients in the acute 
phase, and to enable an accurate prognostic prediction for individual patients.

Lateral medullary infarction (LMI) is a vascular disease of the brainstem, and athero-
sclerosis of the vertebral artery (VA) or posterior inferior cerebellar artery (PICA) is the 
most common cause (50%). Dissection of the VA or PICA, small vessel occlusion (SVO) 
(13%), and cardioembolism (5%) are other etiologies.5 Previous studies have shown that 
most patients with LMI have a good prognosis. However, there have been a few reports 
on the influence of lesional differences on complications including severe dysphagia and 
aspiration pneumonia, which are common in large and rostral lesions, although the clini-
cal localization and the correlation on magnetic resonance imaging (MRI) may sometimes 
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be inconsistent.6-10 There remains a paucity of data about 
the long-term prognostic factors and complications associ-
ated with acute LMI.9,11 Therefore, the aim of this study was 
to identify independent predictors of poor outcome after 
acute LMI based on experiences at a single center over 11 
years.

METHODS

Study population
Initially, 8,437 patient records were screened via a search of 
the electronic medical records of patients who were hospi-
talized at our institution over an 11-year period between 
February 1, 2004 and November 31, 2013, and then followed 
up until November 31, 2014. In total, there were 157 patients 
with acute ischemic stroke (IS) involving a lateral medul-
lary lesion, as identified on brain MRI scans within 7 days 
after stroke onset. All patients were at least 18 years of age 
(range, 30–91 years) and were followed up at our hospital 
during the study period. Patients whose brain MRI and con-
ventional angiography were limited to evaluation of LMI 
lesions and arterial lesions, and for whom there was a lack 
of medical and clinical information and no outcome data, 
were excluded from the study. The baseline characteristics 
did not differ significantly between the study patients and 
those who were excluded (supplementary data). This study 
was approved by the Institutional Review Board of our 
medical institution. The requirement for informed consent 
was waived due to the retrospective nature of this study.

Baseline and clinical assessment
Baseline characteristics such as demographic data (age and 
sex) and conventional vascular risk factors [hypertension, di-
abetes mellitus, a past history of smoking, hyperlipidemia, 
heart disease, and a past history of stroke/transient ischemic 
attack (TIA)] were evaluated. Several laboratory findings 
related to inflammation, such as white blood cell (WBC) 
count, and serum concentrations of glucose and C-reactive 
protein (CRP), were also evaluated using routine laboratory 
methods. Blood samples were withdrawn after overnight 
fasting. The following definitions were used for clinical as-
sessments:

1) Hypertension: a history of antihypertensive treatment, a 
systolic blood pressure of ≥140 mm Hg, or a diastolic blood 
pressure of ≥90 mm Hg.12

2) Hyperlipidemia: a history of antihyperlipidemia medi-
cation or a serum level of total cholesterol of >6.2 mmol/L 
(240 mg/dL).13

3) Diabetes mellitus: glycated hemoglobin (HbA1c) of 
≥6.5%, fasting blood glucose of ≥126 mg/dL, or nonfasting 

blood glucose of ≥200 mg/dL, or the use of insulin or oral 
hypoglycemic drugs.14

4) Heart diseases: including arrhythmia, coronary artery 
disease, congestive heart failure, and valvular heart diseases.

5) Smoking: indicated if a patient was either a current 
smoker or an ex-smoker.

Neurological assessment
All of the patients were initially evaluated for stroke severity 
based on the National Institutes of Health Stroke Scale (NI-
HSS) neurological examinations, including sensory symp-
toms and ataxia, for which the functional status was evaluat-
ed by board-certified experts in neurology at the outpatient 
clinic or through a structured telephone interview by a trained 
nurse at 3 months and 1 year poststroke. These evaluations 
represented attempts to monitor the quality of inpatient 
stroke care. Initial dysphagia was identified based on elec-
tronic medical records using the initial bedside swallowing 
tests, evaluated by trained physicians within 1 day after ad-
mission to the hospital. This test included an evaluation of 
the level of consciousness, deglutition, voice change, evi-
dence of coughing, drooling, oral motor control, control of 
bolus in the oral phase, and evidence of delay in the swal-
lowing reflex. The patients were then managed by diet mod-
ification and swallowing therapy.15,16

Functional outcomes were evaluated using the modified 
Rankin Scale (mRS), the scores for which were used to di-
vide the patients into two groups: favorable outcome (mRS 
score ≤1) and unfavorable outcome (mRS score ≥2).17 The 
occurrence of clinical events during a 1-year period since the 
onset of LMI was evaluated; these events included IS, TIA, 
myocardial infarction, pneumonia, ICU treatment, and 
death. The following definitions were used:

1) IS: the presence of findings suggestive of stroke with a 
duration of ≥24 hours, or MRI-confirmed acute IS with a 
duration of <24 hours.

2) TIA: Acute loss of focal neurological signs of vascular 
origin, accompanied by the resolution of symptoms within 
24 hours.

3) Death: sudden death occurring within a 1-year period 
since the onset of LMI as a result of vascular or nonvascular 
events due to underlying conditions such as cancer, pneu-
monia, or respiratory failure.

4) Pneumonia: radiologic evidence of consolidation or 
infiltration and at least one of the following conditions: gran-
ulocytosis, fever of >38°C and/or cough, sputum, and short-
ness of breath.18

Based on the Trial of Org 10172 in Acute Stroke Treatment 
criteria and arterial dissection alone, cases of stroke were cate-
gorized as follows:19-22 1) large-artery atherosclerosis (LAA), 2) 
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SVO (hypertension, no cardioembolic source and normal an-
giography), 3) cardioembolism, and 4) VA or PICA dissection.

Evaluation of LMI on brain MRI and conventional 
angiography
Brain MRI/MR angiography (MRA) and conventional angi-
ography were used to assess the LMI lesion and dissection 
of the VA and PICA. Brain MRI/MRA was performed using 
a 1.5-T or 3.0-T superconducting magnet system. VA or 
PICA dissections were defined as images of a ‘double lumen,’ 
‘intimal flap,’ ‘string-of-pearls appearance,’ ‘steno-occlusion,’ 
and ‘fusiform aneurysmal dilatation’ on either brain MRI/
MRA or conventional angiography.22 Based on previous re-
ports, the LMI lesions were classified into three categories: 
rostral, middle, and caudal (Fig. 1).5,23 Two board-certified 
experts in neurology who were blinded to the clinical char-
acteristics retrospectively reviewed and classified the find-
ings on brain MRI/MRA and conventional angiography.

Statistical analysis
Student’s t-test and Pearson’s χ2 test were used to compare dif-
ferences in continuous and categorical variables, respectively, 
between the two groups. Multiple logistic regression analysis 

was also performed to identify correlations between age, con-
ventional vascular risk factors, initial symptoms, and the 
pathophysiology of stroke, and functional outcomes using 
statistically significant variables (p<0.05). In addition, odds 
ratios (ORs) and 95% confidence intervals (CIs) were calcu-
lated by adjusting those variables known to have a correlation 
with functional outcomes, including patient age, conventional 
vascular risk factors, initial symptoms, clinical complications, 
pathophysiology of the stroke, laboratory finding such as 
WBC count, serum CRP, and LMI lesions. All the tests were 
two-sided, and the threshold of statistical significance was set 
at p<0.05. All statistical analyses were conducted using SPSS 
software (Version 21.0, SPSS Inc., Chicago, IL, USA).

RESULTS

Patient characteristics
In total, 157 patients with acute LMI were enrolled; these 
patients were aged 60.1±12.3 years (mean±SD; range, 30–
91 years) and showed a male predilection (73.2%). The de-
mographic characteristics, conventional vascular risk fac-
tors, initial clinical symptoms, laboratory findings, and 
types of stroke are presented in Table 1 relative to functional 

Fig. 1. Diffusion-weighted (A, C, E) and T2-weighted (B, D, F) MRI showing vertical lateral medullary infarction lesions in the rostral (A, B), middle 
(C, D), and caudal (E, F) medulla.
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outcome at 1 year. Of the 157 patients, 93 (59.2%) had favor-
able outcome and 64 (40.8%) had an unfavorable outcome. 
The mean age was significantly higher in the unfavorable out-
come group than in the favorable outcome group (p=0.003), as 
were the prevalence rates of hypertension and hyperlipid-
emia (p=0.008 and p<0.001, respectively). The NIHSS score 
did not differ significantly between the two groups [mean, 2 

(range 1–3) vs. 2 (range 1–4); p=0.437]. The most common type 
of stroke was LAA in both groups (61.3% and 62.5%, for the 
favorable and unfavorable outcome groups, respectively). The 
prevalence of cardioembolism was significantly higher in 
the unfavorable outcome group than in the unfavorable out-
come group, whereas that of SVO was significantly higher in 
the latter (p=0.016) (Table 1). At 1 year after LMI onset, five 

Table 1. Baseline characteristics of patients sub-grouped using functional outcome at 1 year

Variables Total Favorable (mRS 0-1) Unfavorable (mRS ≥2) p-value
Number (%) 157 (100)   93 (59.2)   64 (40.8)

Age (years) (mean±SD) 60.1±12.3 57.7±11.0 63.6±13.4 00.003*

Male [n (%)]  115 (73.2)   73 (78.5)   42 (65.6) 00.073†

Risk factors [n (%)]

Diabetes mellitus   50 (31.8)   32 (34.4)   18 (28.1) 00.406†

Hypertension   88 (56.1)   44 (47.3)   44 (68.8) 00.008†

Previous TIA or stroke 13 (8.3)   5 (5.4)     8 (12.5)  0.111†

Hyperlipidemia   29 (18.5)   7 (7.5)   22 (34.4) <0.001†

Heart disease 12 (7.6)   5 (5.4)     7 (10.9) 00.197†

Smoking   61 (38.9)   38 (40.9)   23 (35.9) 00.534†

Previous mRS [n (%)] 00.225†

0 151 (96.2)   90 (96.8)   61 (95.3)

1   2 (1.3)   2 (2.2) 0

2   2 (1.3)   1 (1.1)   1 (1.6)

3   2 (1.3) 0   2 (3.1)

Initial NIHSS [median (IQR)]     2 (1–4)     2 (1–3)    2 (1–4) 00.437†

Clinical symptoms [n (%)]

Dysphagia   54 (34.1)   25 (26.9)   29 (45.3) 00.017†

Sensory symptom   95 (60.5)   59 (63.4)   36 (56.3) 00.365†

Ataxia 125 (79.6)   74 (79.6)   51 (79.7) 00.986†

Subtypes of stroke [n (%)] 00.016†

SVO   27 (17.2)   21 (22.6)   6 (9.4)

LAA   97 (61.8)   57 (61.3)   40 (62.5)

CE 10 (6.4)   2 (2.2)     8 (12.5)

Arterial dissection   23 (14.6)   13 (13.9)   10 (15.6)

Inflammatory marker

WBC, count/uL (SD) 7,081 (1,742) 7,155 (1,735) 7,030 (1,753) 00.659*

Glucose, mg/dL (SD) 114.5 (27.4)0 114.0 (24.2)0 115.3 (31.7) 00.785*

CRP, mg/dL (SD) 0.29 (0.70) 0.18 (0.41) 0.43 (0.96) 00.036*

Vertical lesions of the LMI [n (%)] 00.135†

Rostral   30 (19.1)   13 (14.0)   17 (26.6)

Middle   95 (60.5)   59 (63.4)   36 (56.3)

Caudal 332 (20.4)   21 (22.6)   11 (17.2)

Clinical complications [n (%)]

Pneumonia  11 (7.0)   3 (3.2) 8 (12.5) 00.025†

ICU care   5 (3.2) 0   5 (7.8) 00.006†

Stroke/TIA   6 (3.8)   2 (2.2)   4 (6.3) 00.188†

Death   7 (4.5) 0 7 (10.9) 00.001†

*p-value at Student’s t-test, †p-value at chi-square test.
CE: cardioembolism, CRP: C-reactive protein, ICU: intensive care unit, LAA: large artery atherosclerosis, LMI: lateral medullary infarction, mRS: modi-
fied Ranking Scale, NIHSS: National Institute of Health Stroke Scale, SVO: small vessel occlusion, TIA: transient ischemic attack, WBC: White blood cell.
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patients had suffered a stroke/TIA arising from LAA (data 
not shown). The serum level of CRP was significantly higher 
in the unfavorable outcome group than in the favorable out-
come group (p=0.036).

Clinical features and outcome according to initial 
clinical symptoms
The prevalence of dysphagia at the time of stroke was sig-
nificantly higher in the unfavorable outcome group (p=0.017) 
(Table 1); however, the prevalence rates of sensory symptoms 

and ataxia did not differ significantly between the two groups 
(Table 1). The baseline characteristics, stroke types, and out-
come are presented in Table 2 relative to the presence of dys-
phagia. None of the baseline characteristics or conventional 
risk factors differed significantly between those with and 
without dysphagia, and LAA was the most common stroke 
type in both groups. Cardioembolism was significantly more 
common among those with dysphagia, whereas SVO was sig-
nificantly more common among those without dysphagia 
(p=0.006) (Table 2).

Table 2. Correlations of dysphagia with risk factors, lesions of LMI, prognosis, complications and stroke subtypes

Variables Total Dysphagia No dysphagia p-value
Number (%) 157 (100)    54 (34.4)  103 (65.6)

Age (years) (mean±SD) 60.1±12.3 60.3±12.6 60.0±12.2 0.865*

Male [n (%)]  115 (73.2)    42 (77.8)    73 (70.9) 0.353†

Risk factors [n (%)]

Diabetes mellitus   50 (31.8)    16 (29.6)    34 (33.0) 0.666†

Hypertension   88 (56.1)    28 (51.3)    60 (58.3) 0.443†

Previous TIA or stroke 13 (8.3)    5 (9.3)    8 (7.8) 0.747†

Hyperlipidemia   29 (18.5)      9 (16.7)    20 (19.4) 0.673†

Heart disease 12 (7.6)    3 (5.6)    9 (8.7) 0.476†

Smoking   61 (38.9)    23 (42.6)    38 (36.9) 0.486†

mRS (≥2) [n (%)]   64 (40.8)    29 (53.7)    35 (34.0) 0.017†

Previous mRS [n (%)] 0.879†

0 151 (96.2)    51 (94.4)  100 (97.1)

1   2 (1.3)    1 (1.9)    1 (1.0)

2   2 (1.3)    1 (1.9)    1 (1.0)

3   2 (1.3)    1 (1.9)    1 (1.0)

Initial NIHSS [median (IQR)]     2 (1–4)     3 (2–4)     2 (1–3) 0.157†

Subtypes of stroke [n (%)] 0.006†

SVO   27 (17.2)    2 (3.7)    25 (24.3)

LAA   97 (61.8)    37 (68.5)    60 (58.3)

CE 10 (6.4)     6 (11.1)    4 (3.9)

Arterial dissection   23 (14.6)      9 (16.7)    14 (13.6)

Inflammatory marker

WBC, count/uL (SD) 7,081 (1,742) 7,534 (1,973) 6,844 (1,566) 0.028*

Glucose, mg/dL (SD) 114.5 (27.4)0 118.3 (35.4)0 112.6 (22.1)0 0.219*

CRP, mg/dL (SD) 0.29 (0.70). 0.51 (0.86) 0.17 (0.57) 0.004*

Vertical lesions of the LMI [n (%)] 0.061†

Rostral   30 (19.1)      9 (16.7)    21 (20.4)

Middle   95 (60.5)    39 (72.2)    56 (54.4)

Caudal 332 (20.4)     6 (11.1)    26 (25.2)

Clinical complications [n (%)]

Pneumonia  11 (7.0)    5 (9.3)    6 (5.8) 0.423†

ICU care   5 (3.2)    3 (5.6)    2 (1.9) 0.221†

Stroke/TIA   6 (3.8)    2 (3.7)    4 (3.9) 0.955†

Death   7 (4.5)    4 (7.5)    3 (2.9) 0.190†

*p-value at Student’s t-test, †p-value at chi-square test.
CE: cardioembolism, CRP: C-reactive protein, ICU: intensive care unit, LAA: large artery atherosclerosis, LMI: lateral medullary infarction, mRS: modi-
fied Ranking Scale, NIHSS: National Institute of Health Stroke Scale, SVO: small vessel occlusion, TIA: transient ischemic attack, WBC: White blood cell.
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The mortality and prevalence of pneumonia appeared to be 
higher among those with dysphagia, but the difference was 
not statistically significant (p=0.190 and 0.423, respectively). 
However, the serum level of CRP, WBC count, and frequency 
of an unfavorable prognosis were all significantly higher 
among those with dysphagia than among those without dys-
phagia (p=0.004, 0.028, and 0.017, respectively) (Table 2).

Clinical features and outcome according to LMI 
lesion characteristics
The clinical symptoms/signs and prognosis relative to the 

lesion type are presented in Table 3. Although dysphagia ap-
peared to be more prevalent in the middle medulla, the dif-
ference was not statistically significant (p=0.061); however, 
sensory symptoms were significantly more prevalent in the 
caudal region (p=0.026). In addition, LAA was the most 
common of all of the LMI lesions (p=0.143). Cardioembo-
lism was the most common LMI lesion in the rostral region 
(16.7%, 5.3%, and 0% in the rostral, middle, and caudal re-
gions, respectively).

There was a nonsignificant tendency toward a greater 
rate of stroke/TIA recurrence and pneumonia with rostral 

Table 3. Correlations of lesions of LMI with signs/symptoms, prognosis, complications and stroke subtypes

Variables Rostral Middle Caudal p-value
Numbers (%) 157 (100)) 30 (19.0) 95 (60.1) 32 (20.3)

Age (years) (mean±SD) 60.1±12.3 66.2±11.7 59.1±11.8 57.3±12.9 0.008*

Clinical symptoms [n (%)]

Dysphagia   54 (34.1)   9 (30.0) 39 (41.1)   6 (18.8) 0.061†

Sensory symptom   95 (60.5) 12 (40.0) 60 (63.2) 23 (71.9) 0.026†

Ataxia 125 (79.6) 24 (80.0) 74 (77.9) 27 (84.4) 0.732†

mRS (≤1) [n (%)]   93 (59.2) 13 (43.3) 59 (62.1) 21 (65.6) 0.135†

Subtypes of stroke [n (%)] 0.143†

SVO   27 (17.2)   4 (13.3) 15 (15.8)   8 (25.0)

LAA   97 (61.8) 18 (60.0) 59 (62.1) 20 (62.5)

CE 10 (6.4)   5 (16.7) 5 (5.3) 0 (0) 0

Arterial dissection   23 (14.6)   3 (10.0) 16 (16.8)   4 (12.5)

Clinical complications [n (%)]

Pneumonia 11 (7.0)   3 (10.0) 7 (7.4) 1 (3.1) 0.557†

ICU care   5 (3.2)   4 (13.3) 1 (1.1) 0 (0) 0 0.002†

Stroke/TIA   6 (3.8) 2 (6.7) 3 (3.2) 1 (3.1) 0.665†

Death   7 (4.5)   5 (16.7) 2 (2.2) 0 (0) 0 0.002†

*p-value at Student’s t-test, †p-value at chi-square test.
CE: cardioembolism, ICU: intensive care unit, LAA: large artery atherosclerosis, mRS: modified Ranking Scale, SVO: small vessel occlusion, TIA: tran-
sient ischemic attack.

Table 4. Multiple logistic regression analysis of the unfavorable outcomes at 1 year

Variables
Unadjusted Adjusted

p-value
OR 95% CI OR 95% CI

Age 1.04 1.01–1.07. 1.04 1.001–1.087 0.049

Hyperlipidemia 6.44 02.55–16.26 7.60 02.66–21.75 <0.001

Hypertension 2.45 1.26–4.77 2.36 1.00–5.56 0.050

Dysphagia 2.25 1.15–4.42 2.46 1.04–5.84 0.041

Pneumonia 4.29 01.09–16.84 2.17 00.43–10.88 0.346

WBC 1.00 1.00–1.00 1.00 1.00–1.00 0.521

CRP 1.95 0.92–4.15 1.27 0.66–2.44 0.477

Mechanism 0.210

SVO 1 (reference) 1 (reference)

Arterial dissection 2.692 00.79–9.173 2.94 00.74–11.63

LAA 2.456 00.91–6.632 0.77 0.22–2.66

CE 14.00 2.324–84.32 3.08 00.52–18.48

CE: cardioembolism, CRP: C-reactive protein, LAA: large artery atherosclerosis, SVO: small vessel occlusion, WBC: white blood cell.
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medulla LMIs (p=0.665 and 0.557, respectively). However, 
ICU treatment and mortality were encountered significant-
ly more frequently among patients with LMIs in the rostral 
region as compared with the other two regions (p=0.002 
and 0.002, respectively). The rostral medulla tended to be a 
less common LMI location than either the middle or caudal 
medullae in the favorable outcome group, but again the dif-
ferences did not reach statistical significance (p=0.135 and 
0.186, respectively) (Table 3).

Clinical complications and prognosis at 1 year
At 1 year post-LMI, the frequencies of pneumonia and ICU 
treatment were significantly higher in the unfavorable out-
come group than in the favorable outcome group (p=0.025 
and 0.001, respectively) (Table 1). Seven of the patients died 
of medical conditions such as septic shock and underlying 
critical diseases (gastric cancer and hematologic cancer); 
there were no cardiovascular deaths (Table 1). The mean 
age was significantly lower in the favorable outcome group 
than in the unfavorable outcome group (57.7±11.0 years vs. 
63.6±13.4 years, p=0.003).

The impact of several factors on functional outcome at 1 
year was investigated. Conditional logistic regression analysis 
revealed that older age and initial dysphagia were indepen-
dently associated with unfavorable outcome at 1 year (older 
age: OR=1.04, 95% CI=1.001–1.087, p=0.049; initial dyspha-
gia: OR=2.46, 95% CI=1.04–5.84, p=0.041). In addition, hy-
perlipidemia had a profound impact in the unfavorable out-
come group compared to the other variables (Table 4).

DISCUSSION

The results of this study show that initial dysphagia is an 
important factor associated with poor outcome at 1 year af-
ter LMI. Furthermore, consistent with previous reports, old-
er age was also an independent variable with predictive val-
ue for a poor prognosis at 1 year after LMI.24-26 It has been 
reported previously that dysphagia is a common conse-
quence of medullary infarction, but often improves rapidly 
so that patients can return to oral feeding within 1–2 months 
after stroke.27 However, the recovery from dysphagia in 
some patients is rather slow, and severe dysphagia is associ-
ated with hospital mortality rates of 2.9–11.6%, and pneu-
monia.7,9-11,28 A few studies have found increased mortality 
and a poor functional outcome in patients with clinically ap-
parent dysphagia after hemispheric stroke.29,30 In these cases 
the severity of the dysphagia after LMI is greater than in 
patients with unilateral hemispheric stroke due to 9th and 
10th cranial nerve involvement. Although a medullary le-
sion is unilateral, its effect on swallowing is bilateral.10 The 

incidence of pneumonia among patients with dysphagia has 
been reported to lie in the range 7–29%.31 The incidence of 
pneumonia is more strongly associated stroke with dyspha-
gia than stroke without dysphagia.10,11

In this study the proportion of the present LMI patients 
with dysphagia was 34%, which is lower than those report-
ed previously (51–94%).7 The difference in the incidence of 
dysphagia between these studies may be attributable to the 
inclusion in the present study of patients with a positive ob-
jective screening test. In much of the literature, dysphagia 
has been poorly classified, videofluoroscopy was only rarely 
used, and the definitions of dysphagia are unclear.28 Dyspha-
gia was defined herein after a positive dysphagia test ap-
plied by a trained physician; that test was previously dem-
onstrated to be reliable for detecting dysphagia.32

In the LMI patients, dysphagia was more frequently ob-
served with deep lesions than with superficial lesions. Ex-
amination of the correlation between the complications of 
LMI and the vertical location of lesions on brain MRI has 
revealed an association between rostral and middle lesions 
of the medulla, and the occurrence of dysphagia and pneu-
monia in these patients. In this study the frequency of dys-
phagia was lower in the rostral medulla as compared with 
previous studies, because more of the patients with LMI 
had middle lesions compared with previous studies.23,28 The 
main swallowing centers of the nucleus tractus solitarius, 
nucleus ambiguous, and reticular formation are involved in 
deep lesions of the dorsolateral medulla.

This study found that the frequencies of aspiration pneu-
monia and ICU treatment were significantly higher in the 
unfavorable outcome group than in those with a good out-
come after LMI. In addition, although not statistically sig-
nificant, there was a tendency toward a higher frequency of 
death, pneumonia, and ICU treatment among those with 
dysphagia compared to those without following LMI. These 
complications and dysphagia were associated with rostral 
and medullary LMI lesions. The rates of mortality and ICU 
treatment were higher for those with rostral medulla LMIs 
as compared with other lesions, indicating that complica-
tions in those with rostral LMI lesions may be associated 
with the severity of dysphagia.10,11,27 In addition, prolonged 
dysphagia might predispose patients to malnutrition, which 
is related to a poor outcome after stroke.30,33

It has been reported that younger age is significantly cor-
related with a favorable outcome and various pathophysiol-
ogies of stroke, with younger patients being more likely to 
make a full recovery from IS than are their older counter-
parts.24-26 According to animal studies, aged rats exhibited 
premature scar formation and delayed neuron regenerative 
capacity in the brain due to impaired glial repair, angiogen-
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esis, and neuronal regulation.34,35

LAA was the most common stroke etiology, regardless of 
the outcome, and SVO was more common in the favorable 
outcome group than in the unfavorable outcome group, as 
reported previously.1,3 With regard to the correlation be-
tween the degree of neurological recovery and the patho-
physiology of LMI, patients with SVO had better outcomes, 
while initial stroke severity was similar in both groups. This 
finding could be associated with the apparently lower fre-
quency of dysphagia in the SVO group (Table 2); however, 
this association did not reach statistical significance on mul-
tiple logistic regression analysis (p=0.059).

The findings of this study should be considered in light 
of several limitations:

1) Its retrospective design, which raises the possibility of 
bias with respect to review of the demographic, epidemio-
logic, and clinical data of the patient series.

2) The lack of data regarding the correlations between 
the prognosis and the severity of dysphagia, as assessed us-
ing videofluoroscopy. Moreover, no data on the duration of 
dysphagia after acute LMI are presented.

3) The severity of sensory symptoms and ataxia were not 
reviewed at 1 year. The reason for this was that mRS is com-
monly used to evaluate the degree of disability or depen-
dence in daily activities after the onset of stroke or other 
causes of neurological disability.

4) Only a small number of patients were enrolled in the 
current study, although the study population was larger than 
in previous related studies. The results therefore cannot be 
generalized, and so further large-scale, multicenter studies 
are warranted to confirm the correlations between prognosis 
or etiologic factors and LMI demonstrated herein.

In conclusion, initial dysphagia and older age appear to 
be independent predictors of poor outcome after LMI, and 
the application intensive medical care was associated with a 
reduction in the incidence of pneumonia. Intensive treat-
ment for dysphagia is recommended in both young and old 
patients after LMI for appropriate nutritional support, in 
order to prevent aspiration and a poor prognosis. Preven-
tion of aspiration due to dysphagia and improving nutri-
tional condition in patients with LMI may improve the pa-
tient’s functional outcome and quality of life.
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