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Abstract

Purpose: This study aimed to investigate the influence of lesion sites on recovery patterns and the time to reach mobility milestones in patients of acute stroke.


Methods: Sixty-nine patients were assessed using the lower extremity subscales of Fugl-Meyer assessment, the functional independence measure (FIM), and the postural assessment stroke scale (PASS). Three mobility milestones were identified from the results of FIM and PASS. The stroke was categorized into five groups: anterior cerebral artery (ACA) infarct, middle cerebral artery (MCA) infarct, posterior cerebral artery (PCA) infarct, putamen hemorrhage, and thalamus hemorrhage. The motor recovery speed was compared among the 5 groups of patients. To analyze factors related to the achievement or non-achievement of the three motor milestones within 14 days from onset, binary outcomes were analyzed with logistic regression analyses.



Results: There was significant difference of functional states at discharge, motor recovery rates and the days of achieving mobility milestones during the hospitalization among the 5 subgroups.



Conclusion: The hemorrhage groups showed better recovery rates than other infarct groups. Combination of NIHSS score at admission and the present of PCA infarction or putamen hemorrhage could help predict the milestone achievement of ambulation independence > 50 m at acute stage.
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Introduction


Stroke commonly causes chronic functional disabilities, especially in the elderly [1]. Inpatient care accounted for approximately 32.9% of Taiwan's national health insurance expenditures in 2010, including 10.3% of total costs spent in caring for patients with cerebrovascular diseases [2]. Since November, 2011, the diagnosis-related group (DRG) has been implemented to classify hospital cases into groups, control medical capital expenditures, and correlate expenditures to functional outcomes in Taiwan [3]. Under the DRG system, costs that are not related to a single service are entered in a day-component, and they are dependent on patients' length of hospital stay (LOS). It may lead to high costs for longer LOS of stroke patients. Prognostic knowledge is crucial for optimizing acute to subacute stroke management. The extent of physical impairment, rate of motor recovery, and functional outcomes post-stroke vary with the lesion site [4-6]. Thus, it is better for understanding the influence of various lesion sites on recovery for planning rehabilitation to ensure the effectiveness of limited medical resources.



Stroke recovery begins early. Studies have shown that the majority of improvement occurs during the first month [7-13]. The rate of recovery for walking is more prominent during the first 2 weeks after stroke [14-16]. Initial stroke severity and functional status may influence the recovery and functional status at discharge. However, there is little available information concerning recovery during the first few weeks post-stroke as previous studies often focused on mid-term outcomes (3-6 months) or longer period (>6 months) [4-6,17-20]. Although the extent of disability during acute stage and at discharge is an important factor for discharge deposition, there is little information regarding patients' motor function status from acute stage. Early and accurate prediction of motor function outcomes in stroke patients is important for setting realistic and attainable therapeutic goals; facilitating proper discharge planning/ allocation; and anticipating the need for home adjustment and community support.



Lesion location is an important determinant in the extent of motor recovery post-stroke [4-6,19-23]. Therefore, outcome observations for stroke patients' must be classified by stroke subtypes according to location. Although previous studies have been conducted on functional outcomes and stroke patients' recovery, this research was limited because most stroke types were heterogeneous [7-11,13,24-27]. Therefore, the present study aimed to investigate the motor recovery patterns and mobility outcome milestones by the lesion location in acute stroke patients.



Methods

 Study subjects


Patients who were recruited if they fulfilled the following criteria: (1) admission within 5 days after stroke onset, (2) independent ADL before stroke event, (3) age 50 to 80 years, (4) stroke with unilateral hemiparesis, and (5) cortical or subcortical infarction or hemorrhage with conservative treatment confirmed by magnetic resonance imaging (MRI) or computed tomography (CT), with vascular lesions verified by magnetic resonance angiography (MRA). Patients were excluded if they had peripheral or other central nervous system dysfunction, active inflammation or pathologic changes in the joints. The study was approved by the Institutional Review Board and informed consents were signed by each patient.



All patients received neuro-facilitation and motor relearning physiotherapy treatment for 30 to 50 minutes a day, and 5 days a week throughout our study. Medical, nursing, occupational therapy and speech therapy cares were provided to all patients as indicated. The National Institute of Health Stroke Scale (NIHSS) score at admission was assessed. We categorized the stroke lesion into 5 groups: anterior cerebral artery (ACA) infarct, middle cerebral artery (MCA) infarct, posterior cerebral artery (PCA) infarct, putamen hemorrhage, and thalamus hemorrhage. The performance-based motor recovery data were collected bi-weekly until hospital discharge. The motor recovery data included the lower extremity subscales of the Fugl-Meyer (FM-LE) assessment, the functional independence measure (FIM), and the postural assessment scale for stroke patients (PASS) [28-33]. A FIM score of 107 was considered to be indicative of dependence in ADL [34].The number of days required to achieve motor milestones was identified from the bi-weekly FIM and PASS scores. Three motor milestones were selected from the FIM or PASS assessments as our primary outcome measures due to their importance in characterizing motor function recovery after stroke [30,32].



The first milestone was the ability to sit on the edge of a 50-cm high examination table with the feet touching the floor without support (PASS subtest: maintaining posture, sitting without support for > 5 min, grade 3). The second milestone was the ability to stand without support for longer than 1 minute while simultaneously performing arm movements above shoulder level without other constraints (PASS subtest: maintaining posture, standing without support for > 1 min, grade 3). The third milestone involved walking on a level surface for a minimum of 50 m with an assistive device for safety (FIM subtest: locomotion; walk, wheelchair item, level 6, ambulation independence >50 m). All physiotherapy staff involved in the assessments were trained in the use and recording of assessments and milestones.



Statistical analysis


Descriptive analysis of all collected data was first observed for any skewness of distribution. Data related to patient characteristics followed a normal distribution, and mean data are reported as well. However, data related to duration of stay, assessment scores, and milestones were found to be skewed and platykurtic. Therefore, median values were used in order to enable comparisons between subgroups for each milestone. The scores from the FM-LM, FIM, and PASS subtests were plotted over time to graph post-stroke motor recovery. Furthermore, the rates of change for all recoveries were analyzed and normalized to 100 points for the duration of hospitalization. Then the coefficients of a third-degree polynomial that fits the data for all the curves were calculated. All mathematical analyses were done using MEDLAB 16.0 (The MathWorlds, Inc.).



The time taken to achieve each milestone is reported for the 25th and 75th percentiles to illustrate the range associated with each milestone; this range is reported as the interquartile range (IQR). Because of the small sample size, all parametric analyses were confirmed using the appropriate nonparametric methods. For statistical analyses, the patients were subdivided into the five groups noted above according to their lesion locations. Group medians were compared with a nonparametric Kruskal-Wallis or Mann-Whitney test. To analyze factors related to the achievement or non-achievement of the three motor milestones within 14 days from onset, binary outcomes were analyzed with logistic regression analyses and were reported as odds ratios with 95% confidence intervals The lesion locations, which constituted the explanatory variable, were entered into the multivariable logistic regression analyses, together with age, gender and NIHSS score at admission. A P value of <0.05 was considered significant for all tests. All statistical analyses were conducted using SPSS 13.0 (SPSS Inc, Chicago, Ill).



Results


A total of 69 stroke patients (40 men, 29 women; mean age, 61.4+13.9 years) participated in this study. The median LOS was 28.5 days (interquartile range, 13 to 52.5 days). Table 1 presents the patients' characteristics and NIHSS at admission, as well as FIM, PASS, and FM-LE scores at both admission and discharge among the 5 groups of patients. With respect to the FM-LE and PASS values, there were no significant differences between the groups at admission and discharge. The FIM values at admission were significantly higher in the PCA group than the other groups (all p<0.05). The FIM values at discharge were significantly higher in the PCA group than the MCA, putamen, and thalamus groups (all p<0.05). In addition, the FIM values at discharge were significantly higher in the putamen group than the MCA group (p=0.042). 



Table 1: Subject characteristics of stroke patients by anatomical classification.
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ACA: Anterior Cerebral Artery; MCA: Middle Cerebral Artery; PCA: Posterior Cerebral Artery; DC: the scores at discharge 


Graphical patterns of recovery


Figure 1 shows the ensemble-averaged scores of the FM-LE assessment by classification, plotted over the time, and Figure 2 illustrates the plots of the FIM scores for all groups. The FIM scores plotted over the time demonstrate similar patterns for the ACA, putamen, and thalamus groups. The MCA group showed a lower ensemble-averaged FIM score at discharge than the other groups. Figure 3 illustrates the plots for the PASS scores, and all graphs were defined by a third-degree polynomial function with one argument.
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ACA: Anterior Cerebral Artery territory; MCA: Middle Cerebral Artery territory; PCA: Posterior Cerebral Artery territory

Figure 1:  Plot of ensemble-averaged scores of the lower motor subscales of the Fugl-Meyer assessment for all subgroups during hospitalization. The "*" represents the curve after fitting by a third-degree polynomial.





Figure 1 illustrates the recovery slopes of all of the groups. The thalamus group had the highest recovery slope (0.1867) for motor recovery, while the MCA group tended to evince a steeper slope in the recovery of lower motor functions (0.1201).



In Figure 2, both hemorrhage groups demonstrate steeper slopes of functional recovery than the slopes for the infarction groups. In the infarction groups, the MCA group demonstrates more gradual slope of functional recovery (0.3261). According to the graphs for postural-control recovery (Figure 3), the putamen group demonstrated the most rapid recovery rate (0.5135), while the MCA group demonstrated the slowest recovery rate (0.1581). 
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ACA: Anterior Cerebral Artery territory; MCA: Middle Cerebral Artery territory; PCA: Posterior Cerebral Artery territory

Figure 2:  Plot of ensemble-averaged scores of the FIM (Functional Impairment Measure) scores for all sub groups during hospitalization. The "*" represents the curve after fitting by a third-degree polynomial.
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ACA: Anterior Cerebral Artery territory; MCA: Middle Cerebral Artery territory; PCA: Posterior Cerebral Artery territory

Figure 3:  Plot of ensemble-averaged scores of PASS (Postural Assessment Scale for Stroke patients) for all sub groups during hospitalization. The "*" represents the curve after fitting by a third-degree polynomial.





Achievement of mobility milestones


The following hierarchical pattern of achievement was evident for the three milestones investigated: 91% of the cohort achieved 5-min sitting balance (median = 7 days), 80% achieved
l-	min standing balance (median = 8 days), and 59% achieved the 50-m independent walk (median = 13 days). Table 2 presents further analysis based on sub-classification. All the ACA, PCA, and putamen groups (100%) achieved the 5-min sitting milestone, while 90% of the thalamus group achieved the sitting milestone hospitalization, and only 78% of the MCA group achieved the milestone prior to discharge. The achievement rates for the l-min standing balance and 50-m independent walk milestones for the ACA, PCA, putamen, and thalamus groups were 100% and 57%; 100% and 57%; 89% and 89%; and 80% and 70%, respectively before discharge. In the MCA group, 67% achieved the l-min standing balance milestone, and 47% were successful in the 50-m independent walk at discharge. 


















Table 2: Percentage and the days to mobility milestones by anatomical classification.
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ACA: Anterior Cerebral Artery; MCA: Middle Cerebral Artery; PCA: Posterior Anterior Cerebral Artery



Table 3: Odds Ratio and 95% Confidence Intervals of Motor Milestone Achievement in 2 weeks After Stroke Onset.
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NIHSS: National Institute of Health Stroke Scale; ACA: Anterior Cerebral Artery; MCA: Middle Cerebral Artery; PCA: Posterior Anterior Cerebral Artery



In the multivariable logistic regression analysis (Table 3), only the NIHSS score at admission was shown to be an independent predictor for achieving the motor milestone ofsitting independence >5 min (odds ratio [OR] 0.91; 95% confidence interval [CI] 0.84- 0.99; P <0.05) and achieving standing independence >1 min (OR, 0.92; 95%CI, 0.85-1.00; P <0.05) within 14 days of onset. The PCA- infarct group (OR, 0.08; 95%CI, 0.01-0.56; P <0.05; compared with a reference group of MCA-infarct) or putamen-hemorrhage group (OR, 0.06; 95%CI, 0.01—0.72; P <0.05 ;compared with a reference group of MCA-infarct) and the NIHSS score at admission (OR, 0.89; 95%CI, 0.81-0.98; P <0.05) were associated with achieving ambulation independence >50 m within 14 days of onset after adjustment for confounders. The lesion location was shown to be an independent predictor for achieving ambulation independence >50 m within 14 days of onset.



Discussion


Our study showed that the motor-function and postural- control recovery graphs, spontaneous recovery in the acute stroke patients were rapid during the first month which was consistent with the previous ones [7-13]. Our study also showed that the putamen and thalamus hemorrhage groups showed better recovery rates than other infarct groups, although these groups still did not achieve full independence in terms of ADL at discharge [33,34]. Although the PCA group did not show the steepest slope in its functional curve, according to the statistical results, the PCA group evidenced the best functional status at admission and discharge, reflecting from its relatively milder severity and shorter LOS. Although the motor recovery in the MCA group improved well, this group evidenced less significant rates of functional and posture recovery during hospitalization. Despite the MCA groups had lower functional status at discharge, it actually made less progress in functional recovery during hospitalization. This could imply that the MCA group required more functionality and postural-control training (including ADL training) instead of the neuro-facilitation only they received during an acute period after stroke.


Ninety-one percent of our cohort achieved the 5-min independent sitting balance milestone, and the median time to achieve this goal was 7 days post-stroke. In one report by Smith et al., 93% patients can achieve the l-min independent sitting milestone [35]. The difference may arise from the duration of 5-min vs. 1-min independent sitting milestone and early intervention starting within 5 days of onset after stroke in our study. Regarding the groups in the present study, all ACA, PCA, and putamen groups achieved the goal; however, only 78% of the MCA group attained this milestone. Patients in the MCA group sometimes required 10 days post-stroke to achieve this goal. The study conducted by Smith et al. also showed only 77% of the anterior circulatory infarct patients, with a median time of 11 days, achieved independent sitting balance [35].


Only 59% patients in our cohort achieved an independent 50-m walk, and the majority of patients achieved the goal within
2-	3 weeks. Not all investigations were consistent, however, which may be due to differences in the definitions of independent walking, the duration of the assessments, and the population selection [8,25]. In comparison to our study, 89% of the patients who achieved improved walking ability in the putamen group achieved this milestone within a median time of 15.5-days. The MCA group was least likely to achieve independent ambulation. While they may have the potential to recover limited mobility, additional assistance in mobility at the time of discharge was required.


In the present study, achievement of the motor milestones of sitting independence > 5 min and standing independence > 1 min within 14 days of onset was not associated with the lesion locations, whereas achievement of the two milestones was associated with the NIHSS scores at admission. It is well known that different lesion locations result in different impacts to the brain. However, the results of this study support the view that NIHSS scores at admission provide a more efficient means of predicting whether stroke patients will be able to achieve the motor milestones of sitting independence > 5 min or standing independence > 1 min during the acute stage. A lower baseline NIHSS score could indicate a lower lesion burden and, therefore, a higher probability of the patient regaining sitting or standing mobility. More studies will be necessary to confirm this association. However, not only NIHSS score at admission but also the lesion location, the PCA or putamen groups, was independently associated to achievement of the motor milestone of ambulation independence > 50 m within 14 days of onset. The PCA and putamen group had increased odds of achieving ambulation independence > 50 m within 14 days of onset compared to MCA group. The results implied that a combination of NIHSS score at admission and the present of PCA infarction or putamen hemorrhage could help predict the milestone achievement of ambulation independence > 50 m in patients with stroke at acute stage.


The restoration of an independent gait is a major goal of poststroke rehabilitation. Due to the bilateral innervation of the trunk and girdle muscles, the sitting posture is among the first postures to be restored post-stroke [32]. The routine measurements of recovery in our cohort allowed for the accumulation of data for the standard measures of assessment used. Therefore, we chose the three milestones of sitting, standing, and walking independently because of their importance for FIM and PASS assessments in terms of developing a standard criterion for measurement and reliability [30,32]. The mobility milestone definitions used in our study, namely, standing independently for 5 min, standing independently for 1 min, and walking independently for 50 m, reveal more information about functional capacities such as dressing, transferring from bed to chair, and indoor ambulation. As such, they may provide more information for optimizing stroke management as well as for estimating the feasibility of short-term goals and the possibility of ADL independence at discharge. Furthermore, the results also demonstrate that the average number of days required to reach the three milestones differs among the subgroups, in addition to providing references regarding the number of days required for milestone achievement for different lesion sites. Therefore, the three mobility milestones, which provide a quick, simple, and standardized outcome measure, may be an effective evaluation tool for detecting the mobility and functional improvement of stroke patients from the acute stage.


Some noteworthy limitations to this study should be mentioned. All our patients received physiotherapy as well as some occupational or speech therapy during study. Thus the current study did not attempt to investigate the natural recovery curve after stroke. We also did not attempt to record all potentially influencing factors, such as patient age, lesion size, or comobidities [36]. Since both MRI and MRA (including diffusion weighted imaging) were performed, the classification of stroke groups with respect to anatomic structure was reliable. The accuracy of the prognostic estimates based on lesion location was confirmed. Furthermore, patients in this cohort were relatively homogenous in that patients with multiple stroke episodes were not included in the study Lastly, subjects who failed to reach the mobility milestone at the end of the observation period was not included in the data analysis hence our results may demonstrate a more optimistic picture of the motor recovery for patients after their first episode of stroke.


Conclusion


Hemorrhagic stroke has faster motor recovery than ischemic stroke, and the motor recovery may continue after discharge. Bedsides, a combination of NIHSS score at admission and the present of PCA infarction or putamen hemorrhage could help predict the milestone achievement of ambulation independence > 50 m in patients with stroke at acute stage. The information on lesion location allows the rehabilitation team to set realistic prognostic goals on the recovery of mobility. Thus, this study provides pilot information for establishment of clinical pathways to allocate time for rehabilitation services in reaching each milestone from stroke onset.
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