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Abstract 
 

Background - The disparities in stroke care between specialized stroke units and non-stroke units have been reported. While most of the 
existing studies investigated how intrinsic characteristics of specific treatment units have impact on the outcomes, the influence of patients’ 
characteristics on functional outcomes of recombinant tissue plasminogen activator-treated patients in specialized stroke units and non-stroke 
units is not fully understood. 
 
Method- The demographic and clinical risk factors that significantly impact functional improvement outcomes in recombinant tissue plasminogen 
activator-treated acute ischemic stroke in the non-stroke unit and the specialized stroke unit were determined. Univariate analysis was used to 
determine improved functional differences, while adjusted multivariable models were used to determine the association between demographic 
and clinical variables on the functional outcome. 
 
Results- In stroke patients that received recombinant tissue plasminogen activator in the specialized stroke unit and the non-stroke unit, a 
history of previous transient ischemic attack (ORadj, 0.347, 95% CI (0.160, 0.752); p=0.007) and patients taking antiplatelet medications (ORadj, 
1.954, 95% CI (1.116, 3.421, p=0.019) were significantly associated with improved functional outcome. Patients with a history of carotid artery 
stenosis (ORadj, 5.265, 95% CI (1.067, 2.977), p=0.041) and a history of transient ischemic attack (ORadj, 0.295, 95% CI (0.100, 0.872), p=0.027) 
were significantly associated with improved functional outcome following treatment with recombinant tissue plasminogen activator in the 
specialized stroke unit. In the adjusted model analysis for the non-stroke unit, the major predictors of functional outcome were: the NIH stroke 
scale (ORadj=1.381, 95% CI (1.086, 1.757), p=0.009), the risk of mortality (ORadj =0.691, 95% CI (0.518, 0.922) p=0.012), female gender 
(ORadj=0.306, 95% CI (0.120, 0.778), p=0.013), and race/ethnicity (ORadj=0.285, 95% CI (0.084, 0.970), p=0.045). 
 
Conclusion- After the adjusted analysis, the specialized stroke unit and non-stroke unit reveal significantly improved functional outcomes for 
patients treated with recombinant tissue plasminogen activator in few clinical variables. Values for functional outcomes were not significantly 
associated with most of the variables for treated patients in both the specialized stroke unit and non-stroke unit even after adjustment in the 
recombinant tissue plasminogen activator–treated stroke population. 
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Introduction 

 
After many years of being the third leading cause of death in the United States, stroke has dropped to fifth (Mozzafarian et al., 2016). This 
success may in part be attributed to improved care within the first hours of acute stroke, including the use of thrombolytic therapy (Benjamin, 
2017). Although recombinant tissue plasminogen activator (rtPA) continues to be the only Food and Drug Administration (FDA)approved drug 
treatment for acute ischemic stroke in 1996 (Chapman et al., 2014), the time-dependent nature of rtPA treatment presents a major challenge to 
improve its use in many healthcare systems. The development of a regional network of healthcare is one of the many attempts to increase the 
utilization of rtPA (Demaerschalk et al., 2016; Fugate et al., 2014; Tsivgoulis et al., 2015; Tsivgoulis et al., 2015; Zinkstok et al., 2013). Although 
the exact composition of the regional network system, the principles remain the same: emphasis on timeliness to improve the use of rtPA and 
stroke care. This is because stroke is considered a medical emergency (Tomio et al., 2017). The consideration of stroke as a medical 
emergency coupled with the approval of rtPA for stroke treatment prompted the establishment of SSU which have been shown to increase the 
number of ischemic stroke patients receiving thrombolysis as well as reduce the onset-to-treatment time compared to NSU (Stavem et al., 2011; 
Kunz et al., 2016).  
 
The differences in components of stroke treatments between SSU and NSU have been reported to account for the observed treatment 
outcomes (Stavem et al., 2011; Tamm et al., 2014). For example, certain cultural characteristics of different hospital units, such as explicit goals, 
learning environment, leadership, and partnerships have a significant association with thrombolysis rates (Van Wijngaarden et al., 2009). It has 
been shown that 40% of physicians were unlikely to use rtPA for ischemic stroke under ideal conditions due to apprehension about risk of 
hemorrhage, whereas, the majority of neurologists specializing in stroke care believed the benefit of rtPA usually outweighed the risk of adverse 
effects (Chapman et al., 2014). This suggests that care from specialized physicians may contribute to thrombolysis efficacy and outcome (Eissa 
et al., 2012; Etgen et al., 2011; Fassbender et al., 2013). While most of the existing studies investigated how intrinsic characteristics of specific 
treatment units impact functional outcomes, few studies have addressed how clinical risk factors of stroke patients influence functional outcomes 
of thrombolytic therapy in SSU and NSU. Since the implementation of a stroke unit safely increased the percentage of patients with ischemic 
stroke receiving rtPA to approximately 90% (Etgen et al., 2011), it is possible that thrombolysis may be less beneficial for patients treated in 
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NSUs when compared with SSUs. One potential explanation could be that patient demographics and clinical risk factors associated with 
thrombolysis efficacy are not present in the same proportion in the SSU and NSU.  
 
A prior study has suggested that patients’ admission into stroke units or other wards may be based on their clinical risk factors. Moreover, higher 
risk patients may ignite physician fear toward intensive treatment risks; therefore, they receive more conservative care by remaining in the 
general wards (Bokhari et al., 2013). Collectively, the existing studies suggest that patient characteristics could have an impact on the perceived 
benefit of SSU. However, the specific influence of patient characteristics on functional outcomes of rtPA-treated stroke patients in SSU and NSU 
is not known. The objectives of this study are to analyze the demographic and clinical risk factors that significantly influence functional 
improvement of rtPA-treated stroke patients, and determine whether these risk factors are different between the NSU and SSU. Understanding 
the disparities in stroke care between NSU and SSU will contribute to the goal of developing effective stroke systems of care with the ability to 
deliver acute stroke care, both in the NSU and SSU. 
 
Methods 
 

Data collection 
 

Between January 2010 and June 2016, a total of 1,446 stroke patients were identified. A total of 255 patients presented stroke treated in the 
SSU, while 136 were treated in the NSU, and comprised those that received rtPA versus those who did not (Table 1).  
Retrospective data was collected from a registry for consecutive rtPA-treated acute ischemic stroke cases admitted for six years of SSU and 
NSU operations (January 2010-June 30, 2016). Ethical approval for the study was obtained from Greenville Health System Ethics Committee. 
The SSU has a universal care model where acute stroke patient are admitted directly from the emergency department to SSU from admission to 
discharge. The unit is well staffed with multidisciplinary teams coordinated by a stroke neurologist including a permanently assigned nursing 
practitioner. A stroke neurologist is physically present each day, and the rtPA protocol is well developed and used for stroke treatment. Medical 
information for admitted stroke patients is recorded in a database. Recorded information includes medical history, risk factors, descriptive 
variables, demographic details, and neurological evaluations. The SSU allowed 24/7 family access and facilities to support discharge and 
transition to the post-acute environment. In general, SSUs are well staffed by a multidisciplinary team with a special interest and expertise in 
stroke care, whereas any less organized form of care for acute stroke patients was considered the NSU, including rtPA treatment in the 
neurology unit. 
 

Data analysis 
 

Data analysis was performed in a stroke registry on patients that received rtPA in SSU and NSU. The ambulatory status of stroke patients was 
used as a tool to measure functional outcomes in both SSU and NSU. The inter-and intra-reliability and high validity of ambulation as an 
assessment tool for functional recovery in the mobility of stroke patients is well reported in the literature (Tsang et al., 2014; Park et al., 2016). 
All patients that did not have their ambulatory status defined at admission or discharge were excluded from the analysis. To compute functional 
ambulatory improvement, a new variable was defined from the existing data.  If there was improvement from the time of admission to the time of 
discharge, a value of 1 was given, if there was no improvement, a value of 0 was given. This was used to build a model for improved functional 
outcomes for stroke patients that received rtPA. An initial set of variable selection was performed, where highly collinear variables and variables 
with missing values were removed. Thereafter, predictor variables for each logistic regression model were selected by stepwise regression and 
variables with p<0.05 remained in the model. All statistical analyses were performed using SPSS Statistics Software version 24.0 (Chicago, IL) 
and a P<0.05 was used to establish statistical significance in all comparisons between groups.  
 
In the initial analysis, stroke patients that received rtPA were grouped into SSU and NSU groups. Each group was further subdivided by 
functional outcomes to examine differences in demographic and the clinical characteristics of stroke patients with improved or no improved 
functional outcomes. Comparisons in demographic and clinical variables for an improvement and no improvement in functional outcomes were 
performed using a two-tailed, independent samples Student’s T-test for discrete variables, while a Pearson’s Chi-Squared analysis was 
performed for categorical variables. Results were presented in Table 1 as percentages or mean (±SD). A binary logistic regression was 
performed to examine the clinical factors that were associated with improved functional outcomes in SSU and NSU (Table 2). Age, gender and 
clinical variables were included in the regression models. Demographic and clinical variables associated with improved functional outcomes 
were analyzed and presented separately for SSU (Table 3) and NSU (Table 4). 
    

    Results  
 

In the SSU, 51.7% were women, while 48.3% were men with improved functional outcomes. In the NSU, 63.2% were men, while 36.8% were 
women with improved functional outcome. These improvements were not significantly different in both units (P>0.05). Stroke patients with 
improved functional outcome were older in the SSU than the NSU (64.78 ± 15.0 vs 63.18 ± 16.3), but the difference was not significant (P>0.05). 
Several clinical variables including hypertension, coronary artery disease, dyslipidemia, atrial fibrillation, previous stroke and trans ischemic 
attack (TIA), congestive heart failure, carotid stenosis, peripheral vascular disease, smoking history and diabetes were not significantly different 
in both the SSU and NSU (P>0.05).  Moreover, history of medication including antiplatelet, antihypertension, cholesterol reducer, diabetic 
medication and initial NIH scores prior to treatment with rtPA were not significantly different in both the SSU and NSU (P>0.05).  The risk of 
mortality, weakness and BMI were not significantly different between the SSU and NSU (P>0.05).  In addition, functional outcomes associated 
with altered level of consciousness and language disorder were not different in the NSU. However, there was a significant difference in improved 
functional outcomes in the altered level of consciousness for patients treated with rtPA in the SSU (P<0.05). An improved functional outcome in 
language disorder was significantly (P<0.05) higher in the SSU. 
 
Following an adjustment to account for the confounding variables (age and gender), the significant effect of both language disorder and altered 
level of consciousness that were associated with functional outcomes in univariate analysis disappeared. Table 2 reveals two clinical risk factors 
that were significantly associated with the functional outcome; a history of previous TIA (ORadj, 0.347, 95% CI (0.160, 0.752); p=0.007) and 
patients taking antiplatelet medications (ORadj, 1.954, 95% CI (1.116, 3.421, p=0.019). Further analysis sorted by their respective treatment 
locations reveals that history of carotid artery stenosis (ORadj, 5.265, 95% CI (1.067, 2.977), p=0.041) and a history of TIA (ORadj, 0.295, 95% 
CI (0.100, 0.872), p=0.027) were significantly associated with functional outcomes following treatment with rtPA in the SSU (Table 3).  In the 
adjusted analysis for the NSU (Table 4), the major predictors of functional outcomes were: the NIH stroke scale (ORadj =1.381, 95% CI 
(1.086,1.757), p=0.009), the risk of mortality (ORadj =0.691, 95% CI (0.518, 0.922) p=0.012), female gender (ORadj =0.306, 95% CI 
(0.120,0.778), p=0.013), and race/ethnicity (ORadj =0.285, 95% CI (0.084, 0.970), p=0.045). 
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Specialized Stroke Unit (SSU) Non-Specialized Stroke Unit (NSU) 

 
Not Improved Improved 

p-
value 

Not Improved Improved p-value 

Number of Patients 139 116 
 

79 57 
 

Age Group: No. (%) 20 (14.4) 19 (16.4) 

0.172 

11 (13.9) 10 (17.5) 

0.96 

<50 years 21 (15.1) 23 (19.8) 19 (24.1) 15 (26.3) 

50-59 40 (28.8) 24 (20.7) 16 (20.3) 11 (19.3) 

60-69 24 (17.3) 30 (25.9) 13 (16.5) 9 (15.8) 

70-79 34 (24.5) 20 (17.2) 20 (25.3) 12 (21.1) 

>80 years 
    

Mean ± SD 66.99 ± 13.7 64.78 ± 15.0 0.226 66.03 ± 15.4 63.18 ± 16.3 0.304 

Race: No. (%) 111 (79.9) 90 (77.6) 

0.198 

63 (79.7) 50 (87.7) 

0.388 
Caucasian 27 (19.4) 25 (21.6) 15 (19.0) 7 (12.3) 

African-American 1 (0.7) 1 (0.9) 1 (1.3) 0 (0.0) 

Other 
    

Gender: No. (%) 60 (43.2) 60 (51.7) 

0.173 

43 (54.4) 36 (63.2) 

0.309 Male 79 (56.8) 56 (48.3) 36 (45.6) 21 (36.8) 

Female 
    

Medical History: No. 
(%) 

112 (80.6) 94 (81.0) 0.926 63 (79.7) 43 (75.4) 0.55 

Hypertension 42 (30.2) 35(30.2) 0.994 27 (34.2) 12 (21.1) 0.095 

Coronary Artery 
Disease 

74 (53.2) 63 (54.3) 0.864 41 (51.9) 26 (45.6) 0.469 

Dyslipidemia 25 (18.0) 15 (12.9) 0.269 14 (17.7) 10 (17.5) 0.979 

Atrial Fib/Flutter 30 (21.6) 28 (24.1) 0.628 14 (17.7) 11 (19.3) 0.815 

Previous Stroke 17 (12.2) 7 (6.0) 0.092 14 (17.7) 7 (12.3) 0.386 

Previous TIA 17 (12.2) 7 (6.0) 0.092 8 (10.1) 3 (5.3) 0.305 

Congestive Heart 
Failure 

4 (2.9) 8 (6.9) 0.131 2 (2.5) 3 (5.3) 0.404 

Carotid Artery 
Stenosis 

7 (5.0) 6 (5.2) 0.961 6 (7.6) 6 (10.5) 0.552 

Peripheral Vascular 
Disease 

33 (23.7) 36 (31.0) 0.192 29 (36.7) 24 (42.1) 0.524 

History of Smoking 44 (31.7) 33 (28.4) 0.579 25 (31.6) 12 (21.1) 0.171 

Diabetes 
      

Medication History: 
No. (%) 

62 (44.6) 60 (51.7) 0.257 39 (49.4) 31 (54.4) 0.563 

Antiplatelet 107 (77.0) 84 (72.4) 0.403 59 (74.7) 37 (64.9) 0.217 

Antihypertension 71 (51.1) 59 (50.9) 0.972 34 (43.0) 23 (40.4) 0.754 

Cholesterol Reducer 39 (28.1) 24 (20.7) 0.174 20 (25.3) 13 (22.8) 0.736 

Diabetes Medication 
      

Initial NIH Stroke Scale 71 (51.1) 51 (44.0) 

0.453 

53 (67.1) 32 (56.1) 

0.528 

Group: No. (%) 28 (20.1) 22 (19.0) 10 (12.7) 8 (14.0) 

0-9 19 (13.7) 24 (20.7) 7 (8.9) 9 (15.8) 

10-14 21 (15.1) 19 (16.4) 9 (11.4) 8 (14.0) 

15-20 
    

21-25 
    

Mean  ±  SD 10.53 ± 7.1 11.92 ± 6.7 0.108 8.66 ± 6.7 10.19 ± 6.7 0.191 

Initial Exam Findings: 
No. (%) 

130 (93.5) 111 (95.7) 0.45 68 (86.1) 53 (93.0) 0.205 

Weakness/Paresis 40 (28.8) 49 (42.2) 0.025* 26 (32.9) 25 (43.9) 0.193 

Altered Level of 
Consciousness 

95 (68.3) 93 (80.2) 0.033* 59 (74.7) 44 (77.2) 0.736 

Aphasia/Language 
Disturbance       

Risk of Mortality 
GWTG 

6.42 ± 6.7 6.73 ± 6.1 0.108 5.54 ± 6.5 5.57 ± 5.1 0.965 
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Ischemic Stroke: 

Mean ± SD 

Body Mass Index 
29.13 ± 7.0 28.80 ± 7.2 0.718 27.71 ± 5.9 28.59 ± 7.0 0.445 

Mean ± SD 

Note:  
Chi-Square test, p<0.05 as significant at 95% CI 
 Student T-test, p<0.05 as significant at 95% CI 

    Table 1: Baseline characteristics of demographic and clinical variables (n = 391) 
 
 
   

 
B Value Wald Odds Ratio 95% C.I. For OR P Value 

 
   

Lower Upper 

 Age -0.01 0.915 0.99 0.97 1.011 0.339 

BMI 0.006 0.107 1.006 0.971 1.042 0.744 

NIH Stroke Scale 0.069 2.334 1.072 0.981 1.171 0.127 

Presentation of 
weakness 

0.451 0.907 1.57 0.62 3.974 0.341 

Altered level of 
consciousness 

0.535 3.079 1.708 0.939 3.105 0.079 

Aphasia/Language 
disturbance 

0.308 1.06 1.36 0.757 2.443 0.303 

Risk of Mortality 
GWTG 

-0.072 2.127 0.931 0.845 1.025 0.145 

Gender -0.427 3.145 0.653 0.407 1.046 0.076 

Race -0.211 0.587 0.81 0.472 1.39 0.444 

Atrial Fibrillation 0.013 0.001 1.013 0.49 2.095 0.973 

Coronary Artery 
Disease 

-0.232 0.673 0.793 0.456 1.379 0.412 

Carotid Artery 
Stenosis 

1.124 3.224 3.077 0.902 10.496 0.073 

Diabetes 0.052 0.01 1.053 0.387 2.868 0.92 

Dyslipidemia -0.027 0.008 0.974 0.546 1.738 0.928 

Congestive Heart 
Failure 

-0.813 3.547 0.444 0.19 1.034 0.06 

Hypertension 0.55 1.62 1.733 0.743 4.041 0.203 

Previous Stroke -0.27 0.842 0.763 0.429 1.359 0.359 

Previous TIA -1.059 7.199 0.347 0.16 0.752 0.007* 

Peripheral Vascular 
Disease 

0.62 1.627 1.859 0.717 4.817 0.202 

History of Smoking 0.24 0.737 1.271 0.735 2.2 0.391 

Antiplatelet medication 0.67 5.494 1.954 1.116 3.421 0.019* 

Antihypertensive 
medication 

-0.606 2.236 0.546 0.247 1.207 0.135 

Cholesterol Reducer -0.149 0.212 0.861 0.457 1.624 0.645 

Antidiabetic 
medication 

-0.35 0.431 0.705 0.248 2.002 0.511 

Treatment in SSU 0.2 0.665 1.221 0.755 1.976 0.415 

Note: 
Stepwise Regression model was applied 

Model assumptions were fulfilled 
Multicollinearity and interactions among independent variables were checked and found. 

Hosmer-Lemeshow test (P=0.605), Classification table (overall correctly classified percentage = 64.9%) and area under 
the ROC curve (AUC=0.694) were applied to check the model fitness 

 

  Table 2: Clinical risk factors associated with the functional outcomes in the specialized stroke and non-specialize stroke units (n=391) 
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B Value Wald 

Odds 
Ratio 

95% C.I. For OI P Value 

 
   

Lower Upper 

 Age -0.007 0.284 0.993 0.967 1.019 0.594 

BMI 0.003 0.024 1.003 0.962 1.047 0.877 

NIH Stroke Scale 0.04 0.551 1.04 0.937 1.155 0.458 

Presentation of 
weakness 

0.288 0.186 1.334 0.36 4.945 0.667 

Altered level of 
consciousness 

0.489 1.702 1.631 0.782 3.399 0.192 

Aphasia/Language 
disturbance 

0.393 1.106 1.482 0.712 3.083 0.293 

Risk of Mortality 
GWTG 

-0.041 0.521 0.96 0.86 1.072 0.471 

Gender -0.166 0.307 0.847 0.47 1.526 0.58 

Race 0.096 0.083 1.1 0.573 2.112 0.774 

Atrial Fibrillation -0.276 0.343 0.759 0.301 1.913 0.558 

Coronary Artery 
Disease 

0.209 0.33 1.232 0.605 2.509 0.566 

Carotid Artery 
Stenosis 

1.661 4.16 5.265 1.067 25.977 0.041* 

Diabetes 0.75 1.333 2.116 0.593 7.556 0.248 

Dyslipidemia -0.004 0 0.996 0.472 2.102 0.992 

Congestive Heart 
Failure 

-0.886 2.505 0.412 0.137 1.235 0.114 

Hypertension 0.328 0.243 1.388 0.377 5.117 0.622 

Previous Stroke -0.313 0.723 0.732 0.356 1.504 0.395 

Previous TIA -1.221 4.868 0.295 0.1 0.872 0.027* 

Peripheral 
Vascular Disease 

0.222 0.11 1.248 0.336 4.638 0.741 

History of 
Smoking 

0.42 1.353 1.521 0.75 3.085 0.245 

Antiplatelet 
medication 

0.474 1.896 1.607 0.818 3.157 0.169 

Antihypertension 
Medication 

-0.205 0.106 0.815 0.237 2.798 0.745 

Cholesterol 
Reducer 

-0.218 0.286 0.804 0.362 1.787 0.593 

Antidiabetic 
medication 

-1.147 2.85 0.318 0.084 1.203 0.091 

Note: 
Stepwise Regression model was applied 

Model assumptions were fulfilled. 
Multicollinearity and interactions among independent variables were checked and found. 

Hosmer-Lemeshow test (P=0.452), Classification table (overall correctly classified percentage =64.2%) and area under the 
ROC curve (AUC=0.698) were applied to check the model fitness. 

  Table 3. Clinical risk factors associated with the functional outcomes in the specialized stroke (n=255) 
 
 
  

 
B Value Wald 

Odds 
Ratio 95% C.I. For OI P Value 

    
Lower Upper 

 
Age -0.007 0.102 0.993 0.954 1.034 0.749 

BMI 0.045 1.327 1.046 0.969 1.13 0.249 

NIH Stroke Scale 0.323 6.924 1.381 1.086 1.757 0.009* 

Presentation of 
weakness 0.998 1.685 2.714 0.601 12.258 0.194 
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Altered level of 
consciousness 0.926 2.121 2.525 0.726 8.784 0.145 

Aphasia/Language 
disturbance -0.311 0.213 0.733 0.196 2.742 0.645 

Risk of Mortality 
GWTG -0.369 6.322 0.691 0.518 0.922 0.012* 

Gender -1.186 6.18 0.306 0.12 0.778 0.013* 

Race -1.254 4.033 0.285 0.084 0.97 0.045* 

Atrial Fibrillation 1.228 2.687 3.414 0.786 14.825 0.101 

Coronary Artery 
Disease -0.883 2.518 0.414 0.139 1.231 0.113 

Carotid Artery 
Stenosis 0.596 0.285 1.814 0.204 16.148 0.593 

Dyslipidemia 0.198 0.119 1.219 0.396 3.746 0.73 

Congestive Heart 
Failure -1.117 1.503 0.327 0.055 1.952 0.22 

Hypertension 0.378 0.257 1.459 0.339 6.289 0.612 

Previous Stroke -0.465 0.568 0.628 0.187 2.107 0.451 

Previous TIA -0.695 0.96 0.499 0.124 2.004 0.327 

Peripheral 
Vascular Disease 1.376 2.872 3.957 0.806 19.42 0.09 

History of 
Smoking -0.441 0.559 0.644 0.203 2.044 0.455 

Antiplatelet 
medication 1.064 2.985 2.898 0.867 9.687 0.084 

Antihypertensive 
medication -1.179 2.973 0.308 0.08 1.175 0.085 

Cholesterol 
Reducer -0.695 1.055 0.499 0.132 1.88 0.304 

Note: 
Stepwise Regression model was applied 

Model assumptions are fulfilled. 
Multicollinearity and interactions among independent variables were checked and found. 

Hosmer-Lemeshow test (P=0.112), Classification table (overall correctly classified percentage=70.7%) and area under the 
ROC curve (AUC=0.795) were applied to check the model fitness 

  Table 4. Clinical risk factors associated with the functional outcomes in the specialized stroke (n=136) 
 
 
    Discussion 

 

The establishment of SSU and specific therapy such as rtPA for the management and treatment of stroke highlights the importance of stroke as 
a medical emergency (Dawson et al.,2006; Lott et al., 1999). The benefits of SSU in the care of stroke patients have been demonstrated in 
terms of reduction in mortality and in long institutionalization (Langhorne, 2013). Moreover, a better functional outcome of SSU when compared 
with NSU has been assessed in terms of efficacy of a reduction in length of stay, complications and acute care costs (Langhorne, 2013; Iwamoto 
et al., 2015; Langhorne et al., 2013). With these data, the conclusion is that SSUs, not NSUs, are the most effective organizational models for 
acute stroke treatment and management (Langhorne, 2013; Fuentes et al., 2009; Govan et al.,2007; Langhorne et al., 2012). In general, SSUs 
make an enormous difference in the care of stroke patients. 
 
Since patients’ clinical characteristics could have different impacts on rtPA treatment irrespective of whether stroke patients receive rtPA in the 
SSU or NSU, this study investigated the effect of demographic and clinical risk factors on rtPA-treated stroke patients and improved functional 
outcomes in the NSU and the SSU. Functional outcomes after stroke treatment is generally assessed using different variables including mRS or 
the Barthel Index (BI) (Shih et al., 2009; Kasner, 2006; Lees et al., 2012). The current study used quantified functional ambulation based on the 
performance or activities of daily living, such as mobility to determine improved functional outcomes in rtPA-treated stroke patients. This 
approach allowed us to quantify the improvement in the primary functional status associated with specific risk factors in the treatment of stroke 
patients and compared the resulting improved functional outcomes between SSU and NSU. 
 
In unadjusted analyses, several variables were not significantly associated with improved functional outcomes in rtPA treated patients in SSU 
and NSU including hypertension, coronary artery disease, dyslipidemia, atrial fibrillation, previous stroke and TIA, congestive heart failure, 
carotid stenosis, peripheral vascular disease, smoking history, and diabetes. Moreover, there was no significant association between any of the 
variables in patients that received rtPA in the NSU. Apart from altered level of consciousness and language disorder, all other variables were not 
significantly associated with improved functional outcomes in the SSU. After adjustment for the confounding effect of comorbidities in stroke 
population that received rtPA in both SSU and NSU, previous history of TIA and antiplatelet medications were significantly associated with 
improved functional outcome. This result indicates that risk evaluation in the secondary prevention in patients with a history of TIA (Kernan, 
2015) and patients taking antiplatelet agents are more likely to attain a good functional outcome (Sanossian et al., 2006). This finding suggests 
that the care for complications of this type is one of the main predictors of improved functional outcome after treatment with rtPA.  
In the SSU stroke population, patients with a history of previous TIA and carotid artery stenosis were associated with improved functional 
outcome in the adjusted analysis. Patients with a history of a prior TIA have an increased risk of recurrent stroke, and it is likely that patients 
undergo secondary prevention measures at the SSU which lower their risk of severe strokes (Kernan, 2015). In this context, the prior evaluation 
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of TIA etiology in the SSU could assist in determining the causal factor of the current acute ischemic stroke leading to more directed treatment 
(Al-Khaled et al., 2013) and improved functional outcomes following treatment with rtPA. Patients at risk of carotid artery diseases often undergo 
screening tests such as Doppler ultrasound and confirmatory tests such as computerized tomography angiography (CTA) or magnetic 
resonance angiography (MRA). This allows for identification of patients with a high risk of stroke due to carotid artery stenosis (Lanzino et al., 
2010). The physicians in SSU are more likely to locate the stroke area and this may help in rtPA decision making. The presence of carotid artery 
stenosis in stroke patients may be associated with improved functional outcomes in SSU because they are likely to receive more focused care 
and more interventional treatment from the multidisciplinary healthcare professionals (Lin et al., 2017). Despite the association of functional 
outcomes with carotid artery stenosis and history of previous TIA in the SSU, the effect of clinical variables on rtPA treatment outcomes could 
not be linked to the functional situation in most of the variables after the adjusted analysis. Moreover, descriptions of poorer functional outcomes 
for patients in the SSU have also been reported by other studies (Iwamoto et al., 2015). 
 
In the adjusted analysis for NSU stroke patients treated with rtPA, NIH stroke scale, risk of mortality-GWTG, gender, and race were all 
significantly associated with improved functional outcomes. In general, NIHSS scores >15 have less than a 20% chance of achieving an 
excellent outcome, while approximately 90% of patients with a score of 4 to 6 have a good or excellent outcome (Adams et al., 1999). It is 
possible that most patients with high NIHSS scores are admitted to SSU. Moreover, most patients in NSU likely have low NIHSS scores, and the 
adjusted analysis removed the effect of confounding variables such that NIH scores reveal less severe strokes and a higher chance of 
improvement in the NSU. The finding that patients with a low risk of mortality are more likely to have improved functional outcomes in NSU is 
supported by another study (Smith et al., 2012). The Get-With-The-Guidelines (GWTG) stroke prediction tool’s reliability has been validated in a 
nationwide study of ischemic stroke patients, and it helps to identify patients who may require more intensive resources (Smith et al., 2010). 
There is a possibility that patients with higher risk of mortality may have a higher chance of being admitted to the SSU rather than NSU; thus, the 
number of patients with a high risk of mortality remains low in NSU. 
 
 An important finding in this study is the significant association of racial disparity with functional outcome in treated patients in the NSU. Such an 
effect disappeared in the adjustment analysis for the SSU, indicating that the improved care in rtPA for diverse stroke patients significantly 
improves their functional status following recovery. The impact of gender on stroke outcome is well documented in the literature. The effect of 
gender, which disappeared in univariate analysis, was significant in the NSU treated patients such that rtPA-treated male stroke patients were 
significantly associated with functional recovery. In an untreated acute ischemic stroke population, women have a worse outcome than men 
(Niewada et al., 2005; Eriksson et al., 2008). In contrast, there is no significant difference in treated patients with rtPA, suggesting a better 
treatment outcome for women. The finding that male stroke patients treated with rtPA were significantly associated with improved functional 
outcomes in the NSU reveals the beneficial impact of the thrombolytic for men with stroke in the NSU. It is also possible that the incidence of 
stroke in the male population treated with thrombolysis is not present in the same proportions among women and men population of stroke 
patients in the NSU. The observed demographic differences in clinical risk factors between SSU and NSU in the current study of rtPA treated 
acute ischemic stroke patients have not been observed in prior studies. 
 
In the adjusted analysis, the SSU and NSU reveal significantly improved functional outcomes for patients treated with rtPA associated with few 
different clinical variables. The observed differences in clinical variables associated with functional outcomes could not be attributed to patients’ 
clinical variables of stroke severity at admission alone. This is because values of functional outcomes were not significant for patients in both the 
SSU and NSU for most of the variables. This finding indicates that the proportions of stroke patients with complicated comorbidities in the NSU 
and SSU is important in the evaluation of functional outcome at the population level. 
 
 Based on the results of this study, it is difficult to determine why patients in the NSU or SSU present significant improved functional outcomes 
for few specific risk factors, and with no significant difference for many variables. Several factors appear to link stroke care in the SSU to early 
stroke neurologist care and management of factors that could result in poor outcome from rtPA treatment or complications (Shinohara et al., 
2011; Foley et al., 2007) suggesting that increased experience would have contributed to the improved functional care in both units. Moreover, 
better communication with non-hospital services resulting in earlier care for stroke and proximity to stroke is important for stroke care (Askim et 
al., 2010). These factors seem to have significant effects on rtPA-treated functional outcome for stroke patients, mainly due to care they receive 
irrespective of the units of treatment. 
 
Conclusion 
 
Many limitations must be considered before interpreting the findings of this study. This is a single institution study; therefore, there is a tendency 
for selection bias that could have affected the selection of patients. Moreover, the effect of neurology or stroke consults that may have occurred 
in the NSU is unknown. Factors contributing to physician decisions to admit patients to certain areas are also unknown. In the data analysis, 
some patients had to be excluded due to their ambulatory status not being defined at admission or discharge. The strengths of this study stem 
from the fact that the database used covers six years of patient treatment. A major contribution of this study to literature on specialized stroke 
units is the characterization of the impact of clinical risk factors on functional outcomes in SSU and NSU in rtPA-treated stroke patients. 
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