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Purpose: This study investigated the factors that influence the prognosis of swallowing function rehabilitation therapy in patients with 
dysphagia after medullary infarction.
Patients and Methods: This retrospective study was conducted using the clinical data of 51 patients who were diagnosed with 
dysphagia after medullary infarction and hospitalized at our institution between January 2019 and January 2021. As per the water 
swallow test (WST) grade at 1 month after rehabilitation treatment, patients were classified into the good prognosis group and the poor 
prognosis group. Univariate analysis as well as univariate and multivariate logistic regression analysis were used to analyze factors 
that influence the prognosis of swallowing function rehabilitation therapy in patients with dysphagia after medullary infarction. 
Receiver operating characteristic (ROC) curves were then used to test the predictive ability of the significant parameters to predict the 
prognosis of the rehabilitation therapy in these patients.
Results: Univariate analysis and univariate logistic regression analysis showed that previous stroke (odds ratio [OR] = 1.361), dysarthria 
(OR = 3.771), disease course (OR = 1.112), National Institutes of Health Stroke Scale (NIHSS) score at admission (OR = 2.596), and infarct 
site (OR = 11.071) were all significantly correlated with the prognosis of swallowing function rehabilitation therapy in patients with 
dysphagia after medullary infarction (P < 0.05). Multivariate logistic regression analysis showed that dysarthria (OR = 5.519, 95% 
confidence interval (CI) 1.413–21.566), infarct site (OR = 18.634, 95% CI 1.696–204.73), and the NIHSS score (OR = 1.001, 95% CI 
1.536–4.820) were independent influencing factors of the prognosis of swallowing function rehabilitation therapy in these patients. The 
ROC curve showed that the area under the curve for the combined prediction of the three indicators was 0.943.
Conclusion: The NIHSS score, dysarthria, and infarct site are independent influencing factors for the prognosis of swallowing 
function rehabilitation therapy in patients with dysphagia after medullary infarction.
Keywords: medullary infarction, dysphagia, rehabilitation, prognosis, influencing factors

Introduction
Dysphagia is a common complication of stroke, with an incidence rate of 65%–90%.1 Studies have shown that dysphagia after 
stroke causes malnutrition in patients and can easily lead to aspiration pneumonia and even asphyxiation in severe cases.2,3 

Dysphagia further reduces the quality of life of these patients, increases the risk of death, slows the recovery of body function, 
and significantly prolongs hospitalization.4 Swallowing is a complex physiological process that involves approximately 50 
muscles and 5 pairs of cranial nerves.5 It is regulated both by the medulla oblongata swallowing center in the brainstem 
network structure and the extensive bilateral neural networks in the cortex and subcortex.6 The incidence, symptoms, and 
mechanisms of dysphagia caused by different stroke sites vary. The central pattern generator (CPG) of swallowing is located in 
the medulla oblongata, including the solitary nucleus, the nucleus ambiguous, and the surrounding reticular structure.7 The 
hypoglossal nerve nucleus, which is located deep in the hypoglossal nerve triangle of the fourth ventricle of the medulla, emits 
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the hypoglossal nerve that innervates the tongue muscle. Hence, the incidence of medullary infarction combined with 
dysphagia is high (51%–94%)8,9 and the symptoms of dysphagia are serious. The main manifestations include the paralysis 
of tongue muscles, weak movements of the tongue, abnormal transport of the food bolus,10 abnormal hyolaryngeal excursion 
time, abnormal hyolaryngeal excursion amplitude,11 incomplete or inoperative opening of the cricopharyngeal muscle,12 and 
loss of swallowing patterned sequential movements.13 Studies on dysphagia after medullary infarction focused mostly on the 
summary of the characteristics of dysphagia in unilateral medullary infarction or compared the characteristics of dysphagia in 
bilateral medullary infarction. No studies have analyzed factors that affect the prognosis of the swallowing function based on 
the comprehensive rehabilitation therapy of swallowing function and nutritional support. Also, some studies have shown that 
comprehensive swallowing rehabilitation therapy and early nutritional intervention are vital for improving the swallowing 
function of patients with dysphagia after stroke.13,14 Therefore, patients with dysphagia after medullary infarction included in 
our study underwent comprehensive swallowing function rehabilitation therapy and intermittent oral–esophageal (IOE) tube 
feeding nutritional support. To provide a reference for clinical and rehabilitation treatment and for the prognosis of swallowing 
function in such patients, the clinical data of patients with dysphagia after medullary infarction were retrospectively collected 
to analyze the factors that influence the prognosis of swallowing function rehabilitation therapy.

Patients and Methods
Study Population
This study retrospectively collected the clinical data of patients with dysphagia after medullary infarction who were 
hospitalized in the Department of Rehabilitation Medicine of the First Affiliated Hospital of Zhengzhou University from 
January 2019 to January 2021. For patients with multiple hospitalization records, only the first admission case was 
included. The inclusion criteria were as follows: (1) age ≥18 years; (2) complete electronic medical records of the patient; 
(3) cerebral infarction diagnosed as per the 2018 American Heart Association/American Stroke Association guidelines 
for acute stroke15 and simple medullary infarction confirmed via brain magnetic resonance imaging; (4) use of 
comprehensive rehabilitation therapy for the swallowing function and IOE tube feeding nutritional support during 
patient’s hospitalization; (5) complaint of choking and dysphagia by the patient, with abnormal swallowing function 
[water swallow test (WST)16 grades II–V], and confirmation of dysphagia via a videofluoroscopic swallow study;17 and 
(6) no history of dysphagia before the onset. The exclusion criteria were as follows: (1) infarctions in addition to the 
medullary infarction; (2) no comprehensive swallowing rehabilitation therapy or IOE nutritional support during hospi-
talization; (3) dysphagia caused by other reasons, including hemorrhagic stroke, craniocerebral trauma, myasthenia 
gravis, motor neuron disease, Parkinson’s disease, Alzheimer’s disease, gastroesophageal reflux disease, tumor, and 
others; (4) incomplete clinical and imaging data as well as scale information; and (5) poor prognosis of swallowing 
function owing to the recurrence of stroke or occurrence of other diseases during hospitalization.

This study was reviewed and approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou 
University (review number: 2021-KY-0609-003). Based on the study’s retrospective design, the requirement of informed 
consent was waived. The exemption of informed consent has no adverse effects on the rights or welfare of the patients. 
This study strictly abided by the Declaration of Helsinki and anonymized all patient data.

Treatment Method
The following strategies were employed for treatment. (1) The treatment of primary stroke included basic interventions 
such as anticoagulation, thrombolysis, nerve nutrition, and circulation improvement. (2) Comprehensive swallowing 
rehabilitation therapy3 included direct training via compensatory posture (the normal side and semi-sitting position, 
swallowing with head up, swallowing with head down, or swallowing with head turned) and appropriate bite size and 
appropriate food trait ingestion training; indirect training18,19 via swallowing organ function training, Mendelsohn 
maneuver,19 shaker training method, Masako training method, protective swallowing training method, respiratory 
function training method, Rood technique, and others; and other training methods, including neuromuscular electrical 
stimulation and biofeedback therapy.20 (3) The final strategy was nutritional support, in which IOE was used to ensure 
the adequate intake of nutrition and water for patients while promoting the recovery of swallowing function.14
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Research Methods
Clinical Data
The basic information of the patients collected at the time of admission was as follows.

(1) General information
This included gender, age, body mass index (BMI), and disease course (number of days from the onset of dysphagia 

to the beginning of comprehensive rehabilitation therapy and nutritional support for swallowing function).
(2) Medical history
This included high blood pressure, diabetes, and previous stroke.
(3) Neurological function assessment
This included the National Institutes of Health Stroke Scale (NIHSS) score (the total score of the scale).
(4) Swallowing function assessment
(i) The WST classification scale is classified into five levels: level I, can drink one sip without choking; level II, needs 

more than two attempts to drink without choking; level III, can drink one sip but accompanied by coughing; level IV, 
needs more than two attempts to drink and accompanied by coughing; and level V, chokes and often finds it difficult to 
drink at all.

(ii) The Drooling Severity Scale (DSS)21 is also divided into five grades: grade 1, relatively dry with no drooling; grade 2, 
slight and only damp lips; grade 3, moderately damp lips and jaw; grade 4, severe drooling that wet the clothes; and grade 5, 
extremely heavy drooling that wet the clothes, hands, and the daily contact area. In this study, >grade 2 that required clinical 
treatment was included for the analysis of prognostic factors.

(5) Complications
(i) Aspiration-associated pneumonia. Cough and sputum are present, but there is no evidence of pneumonia due to 

other causes. After dysphagia, pulmonary auscultation with moist rales is observed, and the presence of inflammatory 
lesions is confirmed using lung computed tomography (CT).

(ii) Central facial paralysis (no other cause of facial paralysis prior to medullary infarction). Paralysis of facial 
expression muscles on the opposite side of the lesion (shallow nasolabial folds and drooping corners of the mouth), the 
frontal branch is intact, there is frowning, and eye-closing movements are unobstructed. Voluntary movements of the 
lesions on the opposite side are lost, but the wry smile is still preserved, which is often accompanied by contralateral 
hemiplegia and central hypoglossal nerve palsy.

(iii) Dysarthria. It is identified based on the Frenchay Dysarthria Assessment, Second Edition (FDA-2).22 The patient 
has the necessary language formation and receptive abilities for communication. The only manifestation is difficulty in 
the formation of spoken sounds, primarily dysphonia, ambiguity, or abnormal vocalization, intonation, and speech speed. 
In severe cases, the patient is totally unable to pronounce words.

(iv) Central respiratory failure. Delayed central respiratory failure during hospitalization after medullary infarction; blood 
gas analysis shows hypercapnia and hypoxia; and various examinations show that the patient’s infarct focus does not change, 
there is no subarachnoid hemorrhage, and there is no evidence of respiratory failure caused by changes in pneumonia.

(6) Infarct site.
Lateral medullary infarction (LMI), medial medullary infarction (MMI), and lateral and medial medullary infarction 

(LMI+MMI) (as shown in Figure 1). In previous studies, medullary infarctions were horizontally grouped into two levels, 
LMI and MMI, and vertically grouped into three levels, cephalic, middle, and caudal.23,24 All patients included in this 
study had medullary cephalic infarction; hence, vertical grouping was not performed.

Prognosis and Grouping
As per the WST grade at 1 month after rehabilitation treatment, patients were classified into the good prognosis group 
[improved or restored swallowing function; WST grade lower than that at admission] and the poor prognosis group 
[no improvement or aggravation in the swallowing function; WST grade unchanged or higher than that at admission].
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Statistical Analyses
All statistical analyses were performed using SPSS version 26.0 (IBM, Armonk, NY, USA). The Kolmogorov– 
Smirnov test was used to test the normality of continuous data. Normally distributed continuous data are 
represented as means ± standard deviation, whereas non-normally distributed data are presented as medians 
(interquartile range). Disaggregated data are expressed as percentages. Normally distributed data were assessed 
using Student’s t test, and non-normally distributed data were analyzed using the Mann–Whitney U-test. The chi- 
squared test or Fisher’s exact test was used for the intergroup comparisons of categorical variables. Multivariate 
logistic regression analysis was performed to investigate the factors that influence the prognosis of swallowing 
function rehabilitation therapy in patients with dysphagia after medullary infarction. The test level α = 0.05, P < 
0.05 was considered statistically significant. Receiver operating characteristic (ROC) curves were used to test the 
predictive ability of significant parameters to predict the prognosis of swallowing function rehabilitation therapy 
in patients with dysphagia after medullary infarction.

Results
Clinical Features
A total of 59 patients were enrolled in this study; 5 patients were excluded owing to incomplete assessment data 
related to swallowing function and neurological function and 2 patients were excluded because they did not 
undergo comprehensive swallowing function rehabilitation therapy and did not used IOE to ensure adequate 
nutrition and water intake. In addition, one patient was ruled out because of secondary cerebral hemorrhage within 
1 month of hospitalized rehabilitation treatment. Therefore, 51 patients were finally included in the analysis. 
Table 1 shows the demographic and general characteristics of the two patient groups. The good and poor 
prognosis groups included 32 and 19 patients, respectively, with an average age of 59.5 ± 9.0 years. There 
were 41 males (80.3%) and 10 females (19.6%). No significant differences were observed in age, gender, 
hypertension, diabetes, central facial paralysis, BMI, aspiration-associated pneumonia, and WST at admission 
(grade) between the two groups (P > 0.05). Compared with the good prognosis group, the poor prognosis group 
had higher proportions of patients with previous stroke (47.3% vs 18.7%), dysarthria (84.2% vs 34.3%), central 
respiratory failure (10.5% vs 3.1%), higher NIHSS score at admission [10 (9–11) vs 4.5 (3.25–6)], and longer 
disease course [21 (17–27) vs 15 (13–18)]. These differences, including that for the infarct site (P = 0.03), were 
all statistically significant (P < 0.05) (Table 1).

Figure 1 Diagram of the infarct site. 
Abbreviations: (A) MMI, medial medullary infarction (paramedian); (B) LMI, lateral medullary infarction; (C) LMI, lateral medullary infarction; (D) LMI+MMI, extending 
from the lateral to the medial medullary (paramedian).
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Univariate and Multivariate Binary Logistic Regression Analyses Were Used to 
Investigate the Factors That Influence the Prognosis of Swallowing Function 
Rehabilitation in Patients with Dysphagia After Medullary Infarction
The good and poor prognoses of swallowing function at 1 month after rehabilitation therapy were classified as dependent 
variables; they were assigned the values of 0 and 1, respectively. The variables in Table 1 with statistically significant 
differences (previous stroke, disease course, dysarthria, central respiratory failure, NIHSS score, and infarct site) were 
included in the binary logistic regression analysis model as independent variables, and univariate and multivariate binary 
logistic regression analyses were performed.

Single-factor binary logistic regression analysis revealed that previous stroke (P = 0.035), disease course (P = 0.009), 
dysarthria (P = 0.029), central respiratory failure (P = 0.305), infarct site (P = 0.035), and the NIHSS score (P < 0.001) 

Table 1 Clinical Data and Prognosis of the Two Groups of Patients

Factors Total  
(51 Cases)

Good Prognosis Group  
(32 cases)

Poor Prognosis Group  
(19 cases)

P-value

Age,Years 59.5±9.0 59.7±9.0 59.3±9.2 0.879

Sex, n (%)
Male, N (%) 41 (80.3) 24 (75) 17 (89.5) 0.208
Female, N (%) 10 (19.7) 8 (25) 2 (10.5)

Hypertension, N (%) 35 (68.6) 20 (62.5) 15 (78.9) 0.221

Diabetes, N (%) 21 (41.2) 13 (40.6) 8 (42.1) 0.917

Central facial paralysis, N (%) 7 (13.7) 3 (9.37) 4 (21.1) 0.241

Previous stroke, N (%) 15 (29.4) 6 (18.7) 9 (47.3) 0.03*

Dysarthria, N (%) 27 (52.9) 11 (34.3) 16 (84.2) 0.029*

Body mass index(BMI) 22.2±2.83 22.80±3.03 21.02±2.16 0.064

Disease course, days 17 (13–26) 15 (13–18) 21 (17–27) 0.002*

Aspiration-associated pneumonia, N (%) 32 (62.7) 17 (53.1) 15 (78.9) 0.065

Central respiratory failure, N (%) 3 (5.9) 1 (3.1) 2 (10.5) 0.049*

Water swallow test at admission grade, N (%)
II 5 (9.8) 5 (15.6) 0 (0.0) 0.271
III 3 (5.8) 2 (6.2) 1 (5.2)

IV 4 (7.8) 3 (9.4) 1 (5.2)
V 39 (76.5) 22 (68.7) 17 (89.5)

Degree of drooling, N (%)
I–II 35 (68.6) 25 (78.1) 10 (52.6) 0.058
III–IV 16 (31.4) 7 (21.9) 9 (47.4)

NIHSS score 6 (4–10) 4.5 (3.25–6) 10 (9–11) <0.001*

Infarct site, N (%)

Lateral medullary infarction(LMI), N (%) 31 (60.7) 20 (62.5) 11 (57.8) 0.03*

Medial medullary infarction(MMI), N (%) 14 (27.4) 11 (34.3) 3 (15.7)
LMI+MMI, N (%) 6 (11.7) 1 (3) 5 (26.3)

Notes: *P < 0.05. Course of disease, the number of days from the onset of dysphagia to the beginning of comprehensive rehabilitation therapy and nutritional support for 
swallowing function. 
Abbreviations: LMI, lateral medullary infarction; MMI, medial medullary infarction; LMI+MMI, lateral and medial medullary infarction; NIHSS, National Institutes of Health 
Stroke Scale.
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were significantly associated with the prognosis of swallowing function rehabilitation therapy in patients with dysphagia 
after medullary infarction (P < 0.05) (Table 2).

Multivariate binary logistic regression analyses showed that dysarthria (odds ratio [OR] 5.519, 95% confidence 
interval [CI] 1.413–21.566, P = 0.014), infarct site (OR 18.634, 95% CI 1.696–204.73, P = 0.017), and the NIHSS score 
(OR 1.001, 95% CI 1.536~4.820, P = 0.001) were independent risk factors for the prognosis of swallowing rehabilitation 
therapy in these patients (Table 2).

ROC Curve Analysis of Predictors
ROC curve analysis was used to evaluate the predictive ability of dysarthria, infarct site, and high NIHSS scores on the 
prognosis of swallowing function rehabilitation therapy in patients with dysphagia after medullary infarction. The 
analysis was performed on three-factor single diagnosis, double-combination diagnosis, and three-factor combined 
diagnosis. As shown in Table 3 and Figure 2, the predictive ability of the three-factor combined diagnosis was optimal, 
and the area under the three-factor combined diagnosis curve was 0.943 (95% CI 0.86–1.00, standard error 0.043).

Discussion
Comprehensive swallowing function rehabilitation therapy and early nutritional support have beneficial effects on the 
recovery of swallowing function in patients with dysphagia after stroke as well as on the overall prognosis following 
stroke.20,22 In practice, an active and individualized application of rehabilitation therapy is important for the effective 
recovery of the swallowing function, but the comprehensive application of rehabilitation therapy is the most complete 
and effective. IOE intermittent oral intubation is simple and safe to perform and can maintain the normal physiological 
functions of the digestive tract. Compared with traditional nutritional support methods (such as nasal feeding), the 
incidence of complications, including nasal mucosal injury, nasal and esophageal ulceration, reflux esophagitis, lung 

Table 2 Swallowing Function Rehabilitation Treatment Prognosis Related to Single-Factor and Multivariate Regression Analysis

Factors Single-Factor Multivariate

OR 95% CI P-value OR 95% CI P-value

Previous stroke 1.361 1.101–13.811 0.035* - - -

Disease course 1.112 1.027–1.204 0.009* - - -
Dysarthria 3.771 1.142–12.457 0.029* 5.519 1.413–21.566 0.014*

Central respiratory failure 3.647 0.308–43.215 0.305 - - -

Infarct site 11.071 1.181–103.776 0.035* 18.634 1.696–204.73 0.017*
NIHSS score 2.596 1.596–4.224 <0.001* 1.001 1.536–4.820 0.001*

Notes: *P < 0.05; – indicates no relevant data. Course of disease, the number of days from the onset of dysphagia to the beginning of comprehensive rehabilitation therapy 
and nutritional support for swallowing function. 
Abbreviations: LMI, lateral medullary infarction; MMI, medial medullary infarction; LMI+MMI, lateral and medial medullary infarction; NIHSS, National Institutes of Health 
Stroke Scale; OR, odds ratio; CI, confidence interval.

Table 3 ROC Curve Analysis of Predictors

Factors AUC SE 95% CI

Dysarthria (A) 0.660 0.080 0.50–0.82

Infarct site (B) 0.574 0.086 0.41–0.74
NIHSS score (C) 0.935 0.047 0.84–1.00

A+B 0.71 0.076 0.56–0.86

A+C 0.936 0.043 0.85–1.00
B+C 0.942 0.046 0.85–1.00

A+B+C 0.943 0.043 0.86–1.00

Abbreviations: AUC, area under the curve; SE, standard error; CI, confidence interval; LMI, lateral 
medullary infarction; MMI, medial medullary infarction; NIHSS, National Institutes of Health Stroke 
Scale; A, Dysarthria; B, Infarct site; C, NIHSS score.
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infection, gastrointestinal infection, aspiration, and other complications, is significantly reduced via IOE. While ensuring 
patient safety and the adequate intake of nutrients and water, IOE can also promote the recovery of swallowing 
function.14,25,26 Therefore, all patients included in this study underwent comprehensive swallowing rehabilitation therapy 
and IOE nutritional support based on the treatment of the primary disease of stroke. Based on this treatment strategy, the 
factors that influence the prognosis of swallowing function rehabilitation therapy in patients with dysphagia after 
medullary infarction were explored.

A previous study showed that the probability of dysarthria to co-occur with dysphagia can reach up to 45.2% in 
patients with stroke and that dysarthria can be used as a predictor of dysphagia.27 The present study found that dysarthria 
is an independent risk factor for the poor prognosis of swallowing function rehabilitation therapy in patients with 
dysphagia after medullary infarction owing to the following reasons. Dysarthria caused by bilateral corticobulbar tract 
injury leads to throat muscle paralysis, which affects the pharyngeal phase of the swallowing process, timing of 
hyolaryngeal excursion, and range of hyolaryngeal excursion, thereby affecting the oropharyngeal sequential pattern or 
the swallowing process.28,29 Dysarthria after infarction was observed to involve the hypoglossal nerve nucleus, which 
mainly causes tongue muscle dyskinesia, accompanied by tongue muscle atrophy and tongue muscle tremor, all of which 
affect the pushing of the food bolus to the pharynx. McCullough et al30 found that dysarthria increases the risk of 
aspiration, which further increases this risk owing to dysphagia; this is not conducive to the prognosis of patients 
undergoing swallowing function rehabilitation therapy. Daniels et al31 reported that reduced communication effectiveness 
due to dysarthria affects the patient’s participation in rehabilitation treatment to varying degrees, thereby reducing the 
effectiveness of rehabilitation treatment for swallowing function. These results concluded a much closer relationship 
between swallowing and speech function in patients with dysarthria than is widely believed. The clinical management of 
patients with dysarthria should often include intervention aimed at dysphagia, and the clinical management of patients 
with dysphagia should often include intervention aimed at dysarthria.

In all previous studies,32,33 medullary infarctions were grouped horizontally into two types (LMI and MMI) and 
vertically into three types (cephalic, middle, and caudal), and analyses were performed on the types and incidence of 
dysphagia in different infarct positions. All patients included in the present study had medullary cephalic infarction; thus, 
only horizontal grouping into LMI, MMI, and LMI+MMI was performed. Additionally, in our study, multivariate logistic 
regression analysis showed that the infarct site is an independent risk factor for the prognosis of swallowing function 
rehabilitation in patients with dysphagia after medullary infarction. Tao et al34 concluded that the short-term prognosis of 
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Figure 2 The ROC curve of the three-factor (A+B+C) combined predict the prognosis of swallowing function rehabilitation therapy in patients with dysphagia after 
medullary infarction.
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MMI is worse than LMI, but they used the modified Rankin Scale score as the short-term prognostic evaluation criteria. 
The purpose of the study by Tao et al was different from ours; however, their conclusions have a certain explanation for 
our findings. The clinical manifestations of LMI and MMI are heterogeneous, but both have different phases of 
dysphagia. MMI is primarily involved in the oral swallowing process, which causes tongue muscle dyskinesia, with 
tongue muscle atrophy and tremor; these affect the pushing of the food bolus to the pharynx. LMI is primarily involved 
in the swallowing process in the pharyngeal and oral stages. Miseon Kwon et al11 concluded that the most common 
problem in the LMI group was the range of hyolaryngeal excursion, whereas in the MMI group was the timing of 
hyolaryngeal excursion. That all can explain our result that the infarct site is an independent risk factor for the prognosis 
of swallowing function rehabilitation in patients with dysphagia after medullary infarction. The types and characteristics 
of dysphagia are different between patients with LMI and MMI, implicating a rationale for different treatment strategies 
and prognoses of swallowing function. LMI+MMI infarction may has a complicated stroke mechanism, which may 
aggravate dysphagia to a certain extent, wherein comprehensive obstacles in the oral and pharyngeal phases cause serious 
disorders in the sequential swallowing pattern and lead to a relatively slow recovery. Increasing the intensity and 
treatment rehabilitation time may be necessary, which can be investigated in future studies.

In the present study, the results revealed that the NIHSS scores at admission of patients with poor prognosis were 
higher than those of patients with good prognosis. The NIHSS score was an independent risk factor for the prognosis of 
swallowing function rehabilitation therapy in patients with dysphagia after medullary infarction, which is consistent with 
previous studies.35,36 It was previously believed that the rehabilitation of swallowing function was related to the 
neuroplasticity of the unaffected functional areas. By promoting the plasticity of the viable functional areas and 
reorganizing the remaining functional areas and neural network structure, the swallowing function can be improved 
and restored.37 The NIHSS score is an important and commonly used stroke severity assessment scale and is a powerful 
predictor of stroke prognosis; it can fully represent the left and right brain functions at an earlier period.38 The higher the 
score, the more severe is the damage to the central control area of the relevant function; therefore, the more serious is the 
degree of neurological deficit and the degree of body function defect. Furthermore, the lower the degree of reorganization 
of the functional area and the neural network structure, the more difficult it is to recover the swallowing function.

In this study, univariate analysis and univariate binary logistic regression analysis showed that the disease course in 
the good prognosis group was significantly shorter than that in the poor prognosis group. This indicates that the disease 
course is associated with the prognosis of swallowing function rehabilitation therapy in patients with dysphagia after 
medullary infarction. This suggests that the earlier the patient starts comprehensive swallowing function rehabilitation 
therapy and IOE nutritional support, the better is the recovery and improvement of the swallowing function, which is 
consistent with the study results of Jalal Bakhtiyari and Tianheng Zheng.39,40 Early enteral nutritional support can 
improve the nutritional status of patients with dysphagia after medullary infarction, thereby contributing to an improve-
ment in the overall prognosis of the body and recovery of the swallowing function. Early comprehensive rehabilitation 
therapy for the swallowing function helped in the recovery of the swallowing function, which is consistent with the 
principle of brain neuroplasticity.41 There is a window in the early post-stroke period where brain neuroplasticity and the 
dynamic response of the central nervous system to the injury are enhanced. Comprehensive rehabilitation therapy is 
particularly effective for the recovery of related functions.42 Early functional rehabilitation therapy (starting 1–3 days 
after stroke) has been shown to reduce inflammatory cytokines,43 shrink the blood–brain barrier,44 inhibit cell apoptosis, 
increase brain-derived neurotrophic factor, and promote nerve remodeling.45

Univariate analysis showed that previous stroke is associated with the prognosis of swallowing function rehabilitation 
therapy in patients with dysphagia after medullary infarction. Swallowing relies on CPG located on both sides of the 
medulla oblongata, which involves the brainstem motor nuclei, including the nucleus solitary and nucleus ambiguus, and 
the main interneuron groups and related network structures.14 Studies have shown that CPGs on both sides are widely 
connected to each other and that either side can coordinate the swallowing process of the pharynx and esophagus. The 
contraction of the pharynx muscle on the side of the lesion is weakened and the cricopharyngeal muscle fails to open. 
The food bolus generally passes through the pharynx smoothly via the compensation effect of CPG on the contralateral 
side.34 Previous stroke may involve the brain function area related to swallowing (including damage to pyramidal tract, 
insula, and basal ganglia due to unilateral hemispheric stroke.The brainstem stroke, pons stroke et al), but a good 
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compensatory function of the uninvolved side prevents the patient from showing the clinical symptoms of dysphagia. 
However, part of irreversible damage to the functional areas of the brain directly affects the recovery of dysphagia after 
medullary infarction.

Delayed central respiratory failure in patients with medullary infarction during hospitalization has also been men-
tioned in previous studies. The diagnosis of central respiratory failure is based on the examination results showing that 
the patient’s infarct is unchanged, with no subarachnoid hemorrhage, and by excluding respiratory failure due to 
worsening pneumonia.46

Delayed central respiratory failure is often acute, blood gas analysis in such cases shows repeated hypercapnia and 
hypoxemia, and elderly patients with dysphagia medullary infarction are more likely to have respiratory failure in the 
subacute stage. In severe cases, tracheotomy and ventilator-assisted breathing are required immediately.47,48 The 
mechanical damage and stimulation of the oropharynx caused by intubation affect the patient’s swallowing function 
recovery and tracheotomy affects the patient’s normal swallowing function rehabilitation treatment measures, which 
directly affect the patient’s swallowing function recovery. In our study, three patients developed central respiratory 
failure: one patient in the good prognosis group and two patients in the poor prognosis group, the difference was 
statistically significant. However, in the multivariate binary logistic regression analyses, central respiratory failure did not 
show an independent association, which may be because of the small sample size in this study. However, for patients 
with dysphagia after medullary infarction, it is still necessary to closely monitor their subacute condition and pay 
attention to prevent delayed central respiratory failure to improve their prognosis.49

Limitations
This study was a single-center retrospective study, with a limited number of cases. At a later stage, a multi-center, large- 
sample, prospective clinical controlled trial study should be considered to better summarize the factors that influence the 
prognosis of swallowing function rehabilitation therapy in patients with post-medullary infarction dysphagia.

Conclusion
In summary, dysarthria, infarct site, and a high NIHSS score are independent risk factors for the prognosis of swallowing 
function rehabilitation therapy in patients with dysphagia after medullary infarction.
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