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            Abstract

            
               
Introduction: Tenecteplase is an approved engineered recombinant tissue plasminogen activator for treatment of acute ischemic stroke with
                  molecular and practical advantages. It could be quintessential in this era of endovascular care provided that more studies
                  come out, especially from resource poor settings.
               

               Aims: To observe the clinico-epidemiological profile and to assess the outcome of acute ischemic stroke patients treated with tenecteplase.
               

               Materials and Methods: A prospective observational study of stroke patients treated with tenecteplase. On admission clinical characteristics, temporal,
                  epidemiological, imaging parameters, outcome measures including baseline NIHSS, NIHSS at 1 hour, 24 hours, at discharge, and
                  modified Rankin Scores (mRS) at 0, 1 and 3 months were recorded in a structured proforma.
               

               Results: Out of the 19 patients thrombolysed with tenecteplase 68.4% were males. Mean age of the study population was 61.3 years.
                  Hypertension (57.9%), diabetes mellitus (36.8%) and smoking(26.3%) were the most common risk factors.Time parameters like
                  mean onset to door time, door to image and door to needle time were 126 minutes, 29minutes and 66 minutes respectively, which
                  were confirming with the international standards. Mean NIHSS was 11.1 and serial improvement was noted in the post treatment
                  mean NIHSS scores at 1 hours, 24 hours and 7days with values of 8.6,8.0 and 7.7 respectively ( F=5.619,p=0.018). The mean
                  mRS score was 3.5 and the follow up mRS at 1 month (2.4) and 3 months (1.7) (F=19.32, p<0.001) revealed significant functional
                  improvement. The spearman test showed a positive correlation of age with all the serial post treatment NIHSS and mRS scores
                  even when it did not affect the baseline NIHSS and mRS scores suggesting a poor response to tenecteplase with increasing age.
                  Major improvement in mRS scores described as either a score of 0 or 1 or else a three-point improvement from baseline was
                  seen in 47% (9) of thrombolysed patients and a major improvement in NIHSS scores was seen in 26% (5) patients. Symptomatic
                  intracranial hemorrhage (sICH) was seen in only 5% of the study population.
               

               Conclusion: Thrombolysis with tenecteplase is faster, safer and effective but the treatment response decreases with increasing age.
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               Introduction

            About 85.5% of stroke deaths worldwide is accounted from the low and middle income countries in the Asia-Pacific region, and
               the number of disability-adjusted life-years in these countries is reported to be seven times higher than in the high-income
               countries.1 In India, absolute number of stroke deaths have increased in the past two decades with a 100% increase in stroke incidence
               from 1970-1979 to 2000-2008.2 In most countries alteplase within 4.5 hours window period was the only approved thrombolytic therapy until 2016 after which
               tenecteplase, an engineered recombinant t-PA with higher fibrin specificity, longer half-life, faster onset of action and
               convenience of single bolus administration was approved by drug controller general of India (DCGI) came into use.3 This study compares the clinico-epidemiological as well as in-hospital parameters with the immediate as well as the serial
               outcome measures until 3 months of treatment with this novel, affordable and cheaper drug in a 24 hours stroke care facility
               from a rural tertiary centre in a developing country like India. More studies on tenecteplase from rural settings offers a
               great potential of improving current clinical practice to counter the stroke epidemics in the developing countries.
            

         

         
               Materials and Methods

            We conducted a prospective observational study on consecutive ischemic stroke patients above 18 years of age coming to MES
               Medical college in window period of 3 hours and treated with tenecteplase was included in the study. It was approved by the
               institutional ethics committee and written informed consent was obtained from all study participants. All baseline characteristics
               and NIHSS scores were noted, and CT or MRI brain was taken immediately. Patient was thrombolysed with tenecteplase if there
               were no contraindications for thrombolysis. A check CT was done after 24 hours or earlier if there was clinical deterioration.
               Clinical, epidemiological, imaging parameters, outcome measures including baseline NIHSS, NIHSS at 1 hour, 2 hours, discharge
               and mRS [modified Rankin Score] at0, 1 and 3 months were filled in a structured proforma. The primary outcome measured was
               NIHSS at discharge and secondary outcome was mRS at 3 months. An NIHSS of 0 or 1 or a drop in NIHSS by eight scores was considered
               as major improvement.4 and decrease in scores by values of 4 and 2 were considered as moderate and mild improvement respectively.5, 6 A mRS of 0 or 1 or a three point improvement was considered as good functional outcome or a major improvement,4 two and single point improvement of mRS was used to indicate moderate and mild improvement respectively.7, 8 Data analysis was done using SPSS software comparing the clinico-epidemiological and in hospital parameters with outcome
               measures, the serial NIHSS and mRS scores.
            

         

         
               Results

            Tenecteplase was used to thrombolyse 19 patients of which 13 were males. The clinical findings have been summarized in the
               Table  1. Majority of the patients (73.7%) presented to the casualty between the time frame of 12 noon to 6 pm. Decreased awareness
               among patients and primary care physicians and difficult access to advanced stroke care could be the two factors resulting
               in acute stroke patients not getting care within window period outside the prime working hours in a rural setting. The time
               parameters critical in stroke care were at par with the international standards. [Table  2]. Mean NIHSS at arrival was 11.1 and correspondingly in the stroke severity classification 73.7% (14) were moderate strokes.
               Out of the 19 strokes, 17 had anterior circulation infarcts and 2 had posterior circulation infarcts. The MRI findings based
               on specific arterial location revealed that the most common location was in MCA superior division and MCA subcortical region
               which is 31.6%6 each followed by MCA complete occlusion strokes which accounted for 15.8%3 in the study population [Figure  1]. In the TOAST classification, 42.1%8 each were in large artery occlusion and strokes of undetermined groups and rest belonged to the cardioembolic group(15.8%).
               
            

            Post treatment serial improvement in the mean NIHSS scores were observed at 1 hour, 24 hours and 7days at 8.7,8.0,7.7 respectively
               (F=5.619, p=0.018) [Figure  2]. Even more significant was the improvement in the mRS scores which on admission was 3.5 and the serial improvements noted
               in the follow up mRS scores at 1 month and 3 months were 2.4 and 1.7 respectively (F=19.32, p<0.001) [Figure  2]. Major improvement in NIHSS was seen in 5 patients [26%] measured as a drop in NIHSS of 8 points or a score of 0 or 1 at
               7 days. Moderate improvement (4-point change) and mild improvement in NIHSS (2-point change) was found in 15.8% and 36.8%
               respectively [Figure  3]. The major improvement in mRS characterized by a three-point improvement from the baseline or a final score of 0 or 1 was
               achieved in 47% (9) of thrombolysed patients. Moderate improvement (mRS less than 2) and mild improvement in mRS (one point
               change) was found in 26.3% and 10.5% respectively [Table  4]. There was only one symptomatic intracranial hemorrhage (sICH) among the thrombolysed patients taking the bleeding risk
               to 5%.
            

            The non-parametric spearman correlation showed a positive correlation of age with all the serial post treatment NIHSS and
               mRS scores even when it did not affect the baseline scores as shown in the correlation plot [Figure  4]. This suggests a poorer response of stroke patients to tenecteplase with higher age. Other factor comparisons with age were
               found to have no significant correlations. There was also no significant difference in the serial NIHSS or mRS scores while
               comparing the anterior or posterior circulation strokes as both were equally beneficial.
            

            One way Annova test used for studying correlation of stroke severity with serial NIHSS and mRS scores showed that except for
               the first month mRS scores (F=2.402, p=.122), all other scores like NIHSS during discharge (F=5.895, p=0.012) or mRS at 3
               months (F=5.709, p=0.013) showed significant difference. On analysing further about this ambiguity, it was found that the
               mean mRS scores had worsened from 3.75 to 4 in the moderate to severe stroke category at 3 months while in the moderate stroke
               group the mRS scores improved from 2.14 to 1.28 thus making the improvement in mRS scores insignificant in the first month
               between the groups. Thus, revealing an important finding that moderate to severe stroke group had mild worsening while the
               moderate stroke group had significant improvement with tenecteplase therapy.
            

            
                  
                  Table 1

                  Clinico epidemiological details of patients
                  

               

               
                     
                        
                           	
                              
                           
                            Variable

                           
                        
                        	
                              
                           
                            Subset

                           
                        
                        	
                              
                           
                            Valid Percent

                           
                        
                     

                     
                           	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            68.4

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                        	
                              
                           
                            31.6

                           
                        
                     

                     
                           	
                              
                           
                            DM

                           
                        
                        	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            63.2

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            36.8

                           
                        
                     

                     
                           	
                              
                           
                            HTN

                           
                        
                        	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            42.1

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            57.9

                           
                        
                     

                     
                           	
                              
                           
                            CAD

                           
                        
                        	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            63.2

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            36.8

                           
                        
                     

                     
                           	
                              
                           
                            Smoking

                           
                        
                        	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            73.7

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            26.3

                           
                        
                     

                     
                           	
                              
                           
                            Alcohol

                           
                        
                        	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            94.7

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            5.3

                           
                        
                     

                     
                           	
                              
                           
                            CHD

                           
                        
                        	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            94.7

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            5.3

                           
                        
                     

                     
                           	
                              
                           
                            Previous CVA

                           
                        
                        	
                              
                           
                            Absent

                           
                        
                        	
                              
                           
                            84.2

                           
                        
                     

                     
                           	
                              
                           
                            Present

                           
                        
                        	
                              
                           
                            15.8

                           
                        
                     

                  
               

            

            
                  
                  Table 2

                  In hospital characteristics of 19 patients treated with tenecteplase

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            N

                           
                        
                        	
                              
                           
                            Minimum

                           
                        
                        	
                              
                           
                            Maximum

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std. Deviation

                           
                        
                     

                     
                           	
                              
                           
                            Age

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            32.0

                           
                        
                        	
                              
                           
                            84.0

                           
                        
                        	
                              
                           
                            61.3

                           
                        
                        	
                              
                           
                            13.42

                           
                        
                     

                     
                           	
                              
                           
                            Onset to door time

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            30.0

                           
                        
                        	
                              
                           
                            180.0

                           
                        
                        	
                              
                           
                            126.0

                           
                        
                        	
                              
                           
                            44.30

                           
                        
                     

                     
                           	
                              
                           
                            Door to imaging time

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            5.0

                           
                        
                        	
                              
                           
                            110.0

                           
                        
                        	
                              
                           
                            29.10

                           
                        
                        	
                              
                           
                            27.61

                           
                        
                     

                     
                           	
                              
                           
                            Door to perfusion time

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            15.0

                           
                        
                        	
                              
                           
                            160.0

                           
                        
                        	
                              
                           
                            65.78

                           
                        
                        	
                              
                           
                            33.70

                           
                        
                     

                     
                           	
                              
                           
                            NIHSS on Admission

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            4.0

                           
                        
                        	
                              
                           
                            19.0

                           
                        
                        	
                              
                           
                            11.10

                           
                        
                        	
                              
                           
                            5.20

                           
                        
                     

                     
                           	
                              
                           
                            NIHSS at 1 hour

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            .0

                           
                        
                        	
                              
                           
                            24.0

                           
                        
                        	
                              
                           
                            8.6842

                           
                        
                        	
                              
                           
                            5.91

                           
                        
                     

                     
                           	
                              
                           
                            NIHSS at 24 hours

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            .0

                           
                        
                        	
                              
                           
                            24.0

                           
                        
                        	
                              
                           
                            8.0526

                           
                        
                        	
                              
                           
                            7.52

                           
                        
                     

                     
                           	
                              
                           
                            NIHSS at 7 days

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            .0

                           
                        
                        	
                              
                           
                            24.0

                           
                        
                        	
                              
                           
                            7.7368

                           
                        
                        	
                              
                           
                            7.64

                           
                        
                     

                     
                           	
                              
                           
                            mRS on admission 

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            2.0

                           
                        
                        	
                              
                           
                            5.00

                           
                        
                        	
                              
                           
                            3.5263

                           
                        
                        	
                              
                           
                            1.12

                           
                        
                     

                     
                           	
                              
                           
                            mRS at 1 month

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            .0

                           
                        
                        	
                              
                           
                            6.00

                           
                        
                        	
                              
                           
                            2.3684

                           
                        
                        	
                              
                           
                            1.83

                           
                        
                     

                     
                           	
                              
                           
                            mRS at 3 months

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            .0

                           
                        
                        	
                              
                           
                            6.00

                           
                        
                        	
                              
                           
                            1.7895

                           
                        
                        	
                              
                           
                            1.87

                           
                        
                     

                  
               

            

            
                  
                  Table 3

                  Improvement based on NIHSS at discharge

               

               
                     
                        
                           	
                              
                           
                            NIHSS outcome

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                           
                              Frequency
                              
                           

                           
                        
                        	
                              
                           
                           
                              Percent
                              
                           

                           
                        
                        	
                              
                           
                           
                              Cumulative
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            No improvement

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            21.1

                           
                        
                        	
                              
                           
                            21.1

                           
                        
                     

                     
                           	
                              
                           
                            Mild improvement

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            36.8

                           
                        
                        	
                              
                           
                            57.9

                           
                        
                     

                     
                           	
                              
                           
                            Moderate improvement

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            15.8

                           
                        
                        	
                              
                           
                            73.7

                           
                        
                     

                     
                           	
                              
                           
                            Major improvement

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            26.3

                           
                        
                        	
                              
                           
                            100.0

                           
                        
                     

                     
                           	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            100.0

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                  
               

            

            
                  
                  Table 4

                  Improvement based onmRS at 3 months.

               

               
                     
                        
                           	
                              
                           
                            mRS outcome

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                           
                              Frequency
                              
                           

                           
                        
                        	
                              
                           
                           
                              Percent
                              
                           

                           
                        
                        	
                              
                           
                           
                              Cumulative
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            No improvement

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            15.8

                           
                        
                        	
                              
                           
                            15.8

                           
                        
                     

                     
                           	
                              
                           
                            Mild improvement

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            10.5

                           
                        
                        	
                              
                           
                            26.3

                           
                        
                     

                     
                           	
                              
                           
                            Moderate improvement

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            26.3

                           
                        
                        	
                              
                           
                            52.6

                           
                        
                     

                     
                           	
                              
                           
                            Major improvement

                           
                        
                        	
                              
                           
                            9

                           
                        
                        	
                              
                           
                            47.4

                           
                        
                        	
                              
                           
                            100.0

                           
                        
                     

                     
                           	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            100.0

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                  
               

            

            
                  
                  Figure 1

                  MRI based stroke localization (in percentage)

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/cb8ec9f6-3b67-41d7-a2c6-3e9bee942168image1.png]

            
                  
                  Figure 2

                  Serial changes in NIHSS scores with treatment with tenecteplase

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/cb8ec9f6-3b67-41d7-a2c6-3e9bee942168image2.png]

            
                  
                  Figure 3

                  Serial changes inmRS scores with treatment with tenecteplase

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/cb8ec9f6-3b67-41d7-a2c6-3e9bee942168image3.png]

            
                  
                  Figure 4

                  Correlation plots for post treatment NIHSS &mRS scores and age shows positive correlation of age with all the post treatment
                     scores.
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/cb8ec9f6-3b67-41d7-a2c6-3e9bee942168image4.png]

         

         
               Discussion

            One person develops stroke somewhere in the world every 5 seconds.4 The differences in stroke risk and functional outcome depends on age, gender, race, ethnicity and unfortunately largely on
               the geographical terrain as well as the urban- rural divide.9 In India, additional factors affecting the rural urban divide include includes awareness of stroke symptoms, prehospital
               delays, adequacy of ambulance services, and most importantly the cost of thrombolytic therapy. Tenecteplase with its cheaper
               cost when compared to its predecessor helps jump one of the major hurdles in acute stroke care in rural settings. The burden
               from rural India is extremely difficult to estimate since most of the published literature are from urban cities.2 
            

            The present study looked into the efficacy and safety of tenecteplase for treatment of acute stroke patients looking into
               the rural population and their characteristics. The mean age of the study population was 61years which was low when compared
               to other stroke studies which could be due to the increase in the prevalence of risk factors (diabetes mellitus, smoking and
               hypertension) in this region.10 About three fourth of the patients presented within the 12 noon to 6 pm time frame suggesting lack of awareness both among
               people and primary care physicians regarding early thrombolysis and lack of proper access to stroke care and delay in referral.5 Time parameters like mean onset to door time, door to image and door to needle time were 126 minutes, 29 minutes and 66 minutes
               respectively, were at par with the international standards confirming the better in-hospital care with a well-functioning
               stroke protocol and stroke code in place. Majority of strokes were anterior circulation strokes and also were of moderate
               severity. The effect of tenecteplase on severe strokes could not be observed from this study. Post therapy improvements in
               primary outcomes and secondary outcomes were comparable to other studies.11 Our study showed positive correlation of age with post treatment scores which helped predict outcome and this agrees to study
               results of young stroke by Owais et al.12 It suggests that the results holds true even for the adult population that there is poorer response to tenecteplase with
               advancing age. Another interesting observation was the significant improvement in mean mRS scores in the moderate strokes
               when compared to the higher degree strokes which as a matter of fact showed mild worsening which points to the fact that there
               is a very significant delayed treatment improvement in moderate stroke group with tenecteplase. Only one patient had sICH
               accounting to 5% of bleeding risk in this study population which was similar to other studies.11 
            

         

         
               Conclusion

            Tenecteplase was found to be the safer, faster, and cost-effective thrombolytic agent in acute ischemic stroke and is as much
               suited for the rural setting, as for the urban ones. More studies on this novel thrombolytic agent will throw light on its
               superiority even in the rural settings thus preventing the stroke epidemics, enhanced by its customized usage especially in
               this era of endovascular care.
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