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Figure  8-2 Did reperfusion or recanalisation occur more fr equently in patients who were thrombolysed?  

L’Abbé plot shows (a) the complete data set and (b) the abandoned doses excluded for heterogeneity. The circle size denotes the sample size; DIAS, grey circles; DEDAS 
open circles; and EPITHET, black circles. 
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8.3.3.2 Are favourable outcomes more common in the patients  who had 

reperfusion?  

The individual odds for favourable clinical outcome in the four studies reporting 

this endpoint were greater in the patients who had reperfusion as compared to 

those who did not reperfuse (DIAS I : OR = 3.4, 95% CI = 1.3 – 8.8;  DEDAS : OR = 

9.6, 95% CI = 1.5 – 64.6; EPITHET : OR=7.2, 95% CI :2.3 to 23.2; DEFUSE : OR = 

5.4, 95% CI = 0.94 – 38.1). For all trials combined, the adjusted odds were 

greater for the patients who had successful reperfusion as compared to those 

who did not [a-OR = 5.2, 95% CI = 3 to 9.1], P for clinical heterogeneity = 0.60, I2 

:0%]  

 

In a sensitivity analyses in which the DEFUSE trial data were excluded [as the 

DEFUSE was (unlike others) a non-randomised prospectively conducted study], 

the a-OR remained greater amongst patients with successful reperfusion (a-OR = 

5.2, 95% CI = 2.8 to 9.5, P =0.00; heterogeneity statistics p: 0.4 and I2:0% )  
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Figure  8-3 Are favourable outcomes more common in patients  who underwent reperfusion?  

Findings are shown from the fixed-method analysis of combined data (a) and after excluding 
DEFUSE data (b). 
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8.3.3.3 Did favourable clinical outcome occur more frequent ly in the 

thrombolysed group of patients?   

With the exception of DIAS II, all trials had reported non-significantly improved 

odds of favourable clinical outcome in the thrombolysis group of patients. (DIAS 

I: OR = 2.2, 95% CI = 0.7 – 7.44; DEDAS (19): OR = 2.4, 95% CI = 0.4 – 28.0; 

EPITHET: OR = 1.7, 95% CI= 0.7-4.4; DIAS II: OR=0.8, 95% CI =0.4-1.6). The 

combined data analysis failed to show significant benefit (a-OR = 1.28 95% CI = 

0.84-1.97), P for clinical heterogeneity = 0.28 and I2=20.9%. On excluding the 

DIAS II data, a-OR: 1.96, 95%CI: 1.06-3.63 and for clinical heterogeneity the I2:0% 

and P=0.89.    

 

I repeated the analysis after excluding desmoteplase doses that have been 

abandoned for clinical development: with 90ug/kg desmoteplase and rt-PA 0.9 

mg/kg data alone, I found a-OR = 1.4; 95% CI = 0.9-2.3, P=0.16; for clinical 

heterogeneity p=0.56 and, I2:0%.On excluding the DIAS II data, OR=1.88, 95% CI: 

0.95-3.72 and heterogeneity statistics: I2= 0%; and p=0.69. L’Abbé’s plots were 

examined for the underlying heterogeneity in these analyses. 

 

Under sensitivity analysis, no differential effect of desmoteplase versus alteplase 

was found, with the ratio of OR=. 0.7 [95%CI: 0.24 to 1.920; P: 0.46]. 
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Figure  8-4 Did a favourable clinical outcome occur more fr equently in the thrombolysed 
group of patients? 

Findings are shown from the fixed method analysis of combined data (a), after exclusion of DIAS II 
data (b), and after exclusion of abandoned doses (c). 
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Figure  8-5 Did a favourable clinical outcome occur more fr equently in the thrombolysed 
group of patients?  

 

L’Abbé plot examining heterogeneity in the analysis (a) for complete data, (b) for DIAS II data 
excluded, (c) for complete data but abandoned doses excluded, and (d) for DIAS II data and 
abandoned-dose data excluded. The size of the square denotes the sample size. 1 indicates 
DEDAS; 2, DIAS I; 3, EPITHET; and 4, DIAS II (black rectangle). 
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8.3.3.4 Was there a greater probability of mortality in thr ombolysed patients 

compared to those not thrombolysed?   

Here, the individual odds for mortality were non-significant in the thrombolysis 

group. [DIAS II:OR= 2.4, 95% CI =0.7-10.1) ; DIAS I: OR= 3.6, 95%CI = 0.5-

161.3;EPITHET trials (OR: 2.7, 95% CI: 0.8-10.9) and the DEDAS  trial (OR: 0.5, 

95% CI=0.0-34.9)]. The combined-data analysis found a significant increase in 

mortality in the thrombolysis group of patients compared to the placebo group 

[a-OR =2.4, 95% CI =1.2-4.9; P=0.02 and P for heterogeneity =0.67 and I2:0%]. 

 

Repeating the analysis after excluding data from abandoned desmoteplase 

doses, i.e. restricting the analysis to patients treated with 90 µg/kg of 

desmoteplase or 0.9 mg/kg rt-PA, then a-OR= 1.6 [ 95%CI: 0.7 - 3.7 ], P = 0.28 ; 

P for heterogeneity = 0.56 and I2:0%. 

 

Under sensitivity analysis, no differential effect of desmoteplase versus alteplase 

was found, with the ratio of OR=. 0.8 [95%CI: 0.2 to 3.5; P:0.8] 
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Figure  8-6 Was there a greater probability of mortality in  thrombolysed patients compared 
with those not thrombolysed?  

 

 

Findings are shown from the fixed-method analysis of combined data (a) and after exclusion of the 
abandoned-dose data (b). 
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8.3.3.5 Was there a greater probability of SICH in thrombol ysed patients 

compared to those not thrombolysed?  

The individual odds for SICH were non-significant for the combined data (DIAS I: 

OR=7.9, 95%CI =0.7-infinity; DIAS II: OR=5.9, 95%CI: 0.5-infinity; EPITHET: OR= 

152.6, 95%CI: 15.9-infinity) but the combined odds for SICH were significantly 

greater for the group that underwent thrombolytic therapy (a-OR: 24.7, 95%CI : 

5.2-118.2. Heterogeneity statistics: I2:35.4%, and P=0.2]. On combining data 

from DEDAS with DIAS I, the findings remained non-significant for the individual 

odds (DIAS I + DEDAS: OR=7.1, 95%CI=0.7-infinity) but were significant for the 

combined analysis [a-OR: 6.5, 95%CI: 1.2-35.4 and for clinical heterogeneity 

p=1.0 and I2:0%]  

 

Repeating the analysis by excluding the data of abandoned doses, the  findings 

were non-significant both for individual odds (DIAS I+DEDAS OR=3.7, 95%CI: 0.03-

infinity; DIAS II: OR=5.7, 95%CI: 0.2-infinity; EPITHET: OR=6.5, 95%CI: 0.4-

infinity)  and by combining it with the DIAS I data (a-OR 5.4, 95%CI  0.9-31.8), P 

for heterogeneity = 0.97 and I2:0%  but attained a marginal significance of the 

adjusted odds derived by excluding DEDAS trial (a-OR: 6, 95%CI 1.00-35.8; 

heterogeneity statistics: p:1 and I2 : 0%). 

 

There occurred no SICH in placebo arms and therefore a sensitivity analysis to 

assess any differential effect of desmoteplase versus alteplase could not be 

undertaken. 
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Figure  8-7 Was there a greater probability of SICH in thro mbolysed patients compared with 
those not thrombolysed?  

Findings are shown from the fixed-method analysis for all studies combined but with DEDAS data 
excluded (a), DEDAS combined with DIAS I data (b), and after exclusion of the abandoned-dose 
data (c). 
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8.3.3.6 Were there better clinical findings (outcomes or re perfusion) if 

treatment commenced within 3 to 6 hours versus 6 to  9 hours?  

 

Limited data were available to examine OTT and neither the DIAS I (20) nor DIAS II 

individually suggested significantly greater odds (DIAS I: OR= 1.07, 95%CI = 0.4-

2.9, P= 0.9; DIAS II: OR= 0.8, 95%CI: 0.4- 1.8, P= 0.7). When combined, the a-OR 

= 0.9, 95%CI: 0.5- 1.7, p=0.8) 

 

 

 

 

 

Figure  8-8:  Were there better clinical findings (outcomes or reperfusion) when treatment 
was commenced within 3 to 6 hours vs. 6 to 9 hours? 

 

 

8.3.4 Analysis of Mortality 

In DIAS I trial, one placebo and two desmoteplase deaths occurred due to cardiac 

causes. In the DIAS II trial, only one of three deaths in the 90 µg/kg group and 

three of 14 deaths in125 ug/kg were considered related to the trial medication. 

In the DEDAS trial, the sole death in the 90 µg/kg groups was due to aspiration 

pneumonia while that in the 125 µg/kg groups was due to evolving neurological 

deterioration of a left MCA infarct, leading to pneumonia.  
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8.4 Discussion  

I undertook a meta-analysis of all previous studies that evaluated the principle 

of physiological selection for delayed thrombolysis, based on the presence of 

potentially viable tissue in the ischaemic penumbra.29,390,391 These trials utilised 

the mismatch hypothesis using either MRI (perfusion/diffusion mismatch) or CTP 

(perfusion/cerebral blood volume mismatch) as a signature of the putative 

penumbra.109-111,181,183 Apart from the recent DIAS-II trial111, these trials had 

supported the physiological basis of the mismatch concept. The disappointing 

findings of the DIAS II trial have been attributed to limitations of the study and 

to chance.111,389 To test for consistency, I undertook a meta-analysis of the 

studies that studied the mismatch hypothesis to select and thrombolyse patients 

despite delays beyond 3 hours. Five trials (DIAS I, DIAS II, EPITHET, DEFUSE and 

DEDAS) 109-111,181,183 were available for inclusion.  

 

It was a priori decided that those studies would be excluded which did not 

undertake prospective enrolment of consecutive stroke patients with mismatch 

profile (for treatment in delayed time window, i.e., beyond 3 hours of stroke 

onset) or did not study mismatch-based delayed thrombolysis in a randomised 

controlled design. Hence, I did not include the study by Schellinger et al45 as it 

was based on pooled data (and not a pre-planned prospective trial) from 5 

different centres and lacked in a control arm that would have prevented 

calculation of odds ratio in the absence of a denominator. DEFUSE trial was 

included in this meta-analysis because it was a prospectively conducted clinical 

trial. Further, it reported reperfusion data that could be considered for the 

analysis.   

 

The results from this metaanalysis indicate that reperfusion and/or 

recanalisation is more common with thrombolysis when all doses are considered 

together but the significance is lost with the exclusion of data on abandoned 

doses of desmoteplase that reduced the power of this analysis through effects on 

sample size.  
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Furthermore, favourable clinical outcome is more common amongst patients 

with successful reperfusion of the ischaemic parenchyma, despite delays beyond 

three hours from stroke onset. This conclusion is not influenced by inclusion of 

the non-randomised DEFUSE trial data. The DIAS II trial did not report 

reperfusion findings.   

 

However, I did not find evidence from the current analysis that favourable 

clinical outcome was significantly improved in the group that underwent 

thrombolysis. Neither did I find a significant benefit if I excluded doses of 

desmoteplase that have been abandoned for clinical development. The 

confidence interval around the estimate of effect remains wide and would be 

consistent with a doubling of odds for favourable outcome, though in this 

respect DIAS-II suggests that the likely upper limit may be 1.5.  Even so, odds of 

1.5 remain greater than those achieved in unselected patients treated with rt-PA 

in the ECASS-III trial and have been regarded as sufficient to influence national 

and European stroke treatment guidelines (SIGN or ESO )392.   

 

Late treatment even among selected patients may carry some risk. I found a 

marginally significant increase in the odds of death among all treated patients, 

with a point estimate of 2.4. When I restricted the analysis to rt-PA 0.9 mg/kg 

and to the dose of desmoteplase that remains under development (90 µg/kg), 

the odds ratio for mortality fell to 1.6 and the risk was not significant. Higher 

doses of desmoteplase were clearly linked to excessive SICH and were 

abandoned for this reason. The current analysis does not take into account the 

attributed cause of death.  Many deaths in DIAS-II and in EPITHET were 

considered unrelated to treatment. The attribution may be important for 

understanding of the mechanism of effect but caution is required when drawing 

conclusions from subjective assessments such as these.  Treatment failure can 

contribute to late death, just as unrecognised excitotoxic damage may represent 

a potential mechanism. Regardless, if mortality is increased, this may be 

mediated via haemorrhagic transformation.  

 

Despite lack of significance in the individual odds for the SICH in the patients 

given thrombolytic therapy, the adjusted OR indicates a statistically significant 

increase in SICH after delayed thrombolysis. Similarly, an increased risk of sICH 
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has long been recognised for time-based tPA in the established clinical windows, 

but this is offset by the improved clinical outcomes in the treated patients. On 

excluding doses of desmoteplase that have been abandoned for clinical 

development, the adjusted odds for SICH again lost significance.  

 

Caution is required in interpreting these post-hoc sub-group analyses. Although 

the inclusion of data from all doses may give a falsely pessimistic view of the 

risk/benefit profile after mismatch-based thrombolysis, post-hoc exclusion of 

doses that have been abandoned in clinical development is a data-driven 

decision and raises statistical concerns of bias that can only be assuaged by 

further prospective trials. 

 

I find no evidence that relatively earlier (3-6h) versus later (6-9h) treatment 

influence my findings.  This is of particular relevance, since ECASS-III has 

recently shown unselected patients benefit from alteplase given within 4.5 h of 

stroke onset, and a small proportion of patients in the mismatch trials would 

now be considered eligible for such treatment:  I cannot exclude the possibility 

that some of the potential benefit amongst mismatch patients may be time-

dependent but it appears unlikely that this is sufficient to explain all effects.  

 

Now that ECASS-III results are known, a further meta-analysis using individual 

patient data from the trials studied here should be undertaken to assess clinical 

and radiological outcomes for the patients who were thrombolysed beyond 4.5 

hours of the stroke onset. Similarly, an additional analysis comparing outcomes 

in patients with mismatch versus without mismatch is desirable but was beyond 

the scope of our meta-analysis. 

 

The current meta-analysis included data from five different trials of which 

DEFUSE could be considered only in the analysis of favourable clinical outcome 

amongst patients with reperfusion vs. no-reperfusion. DIAS II did not report the 

reperfusion findings and had to be excluded where these data were needed. The 

L’Abbe plot393,394 suggests that DIAS II contributes to the heterogeneity in the 

combined analysis of favourable outcomes in all thrombolysed patients, and the 

DEDAS trial to the analysis of reperfusion and recanalisation in patients 

thrombolysed with the abandoned doses excluded. Both these sources of 
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heterogeneity appeared to affect the results by virtue of the effects of sample 

size on the power of a study. 

 

We know that the number needed to treat to achieve enhanced favourable 

outcome with alteplase may be as few as seven within 3h but that this has risen 

by 3-4.5 h to approximately fourteen. When treatment with alteplase is started 

between 4.5 hours and 6 hours OTT the number needed to treat rises to 25. 

Hence, the challenge is to establish whether any patients benefit or donot based 

on multimodal imaging approaches and delayed time wondow. The use of either 

MR imaging to identify perfusion/diffusion mismatch or a CT-based alternative is 

attractive. It is clear from current data that delayed thrombolysis amongst 

patients selected according to mismatch imaging is associated with increased 

reperfusion and/or recanalisation and that recanalisation and/or reperfusion is 

associated with improved outcomes. At present, whilst the data remain 

consistent with improved functional outcome from delayed thrombolysis 

amongst mismatch patients, statistically significant benefit on functional 

outcomes has not been confirmed. Although the pooled results suggest that 

mortality may be higher, the retention of excessive doses of desmoteplase in the 

analysis is likely to lead to overestimation of any risk.   

 

It should be noted that existing methods for defining mismatch may be optimised 

in future resulting in greater power of the mismatch-based thrombolysis studies. 

For example, in this analysis, I considered 1.2 as the cut-off for defining a 

mismatch profile. However, a post-hoc analysis of the DEFUSE study has recently 

shown that highest sensitivity and specificity occur at a mismatch ratio of 2.6; 

suggesting that the previous studies were probably underpowered and lacked a 

sufficiently rigorous definition for mismatch ratio.182 Further, the 2-second 

threshold for T max is likely also suboptimal, as a post-hoc analysis of DEFUSE 

data have shown a significantly better correlation between infarct growth and 

penumbra salvage volume for PWI lesions defined by Tmax > 6 seconds.383 The 

EPITHET investigators have reported similar findings.386 It is now clear that both 

trials included significant volumes of benign oligemia in their mismatch 

assessments. Recently, automated online analysis of MR mismatch has been 

described that facilitates the rapid selection for delayed treatment. In summary, 
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the continued refinement in the definitions of different perfusion parameters 

would result in better choice of the best measure of perfusion [T max, TTP, 

MTT, CBV or CBF] and correction for arterial input functions.  

 

Thus, the definitions used in the published trials to date have been generous, 

including many patients who had limited penumbral tissue and limited prospect 

of clinical improvement in response to thrombolysis. The recently formed Stroke 

Imaging Repository (STIR) collaboration has initiated a detailed examination of 

this topic.395 The diversity of mismatch definitions and large number of 

investigators involved in these studies weaken conclusions about the potential 

value of mismatch in future clinical management of patients with stroke.198,199  

However, these weaknesses do not extend to our conclusions about the status of 

existing evidence for use of thrombolysis amongst mismatch patients:  patients 

were selected according to the best intentions of the investigators under 

protocols which were state of the art when written, though they have already 

been overtaken.  Prospective phase III trials are required to test whether 

thrombolysis is associated with a favourable risk/benefit ratio when used under 

modified circumstances.  In Australia, the Extending the Time for Thrombolysis 

in Emergency Neurological Deficits (EXTEND) trial,396 which will use a phase III 

design and randomisation of patients 4.5-9 hours alteplase or placebo, using 

automated mismatch selection, will test this hypothesis.  

 

These data show that delayed thrombolysis amongst patients selected according 

to mismatch imaging is associated with increased reperfusion/recanalisation and 

that recanalisation/reperfusion is associated with improved outcomes. But, not 

all patients that receive alteplase improve in their outcomes. From an analysis 

of combined DEFUSE and EPITHET dataset, treatment effect of t-PA was shown 

to be greater amongst those patients that had vessel occlusion at baseline.46,397  

Further, in a meta-analysis, Rha and Saver have also shown strong  association of 

recanalisation with improved outcomes and reduced mortality in a meta-

analysis.151  It appears logical that the target of thrombolytic therapy should be 

to achieve recanalisation. Hence trialists now aim to select patients with  

“Vessel occlusion or high-grade stenosis in proximal cerebral arteries” for 

treatment until 9 hours of symptoms onset.46    
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Meantime, while the concept of selection of patients based on their individual 

pathophysiology rather than a rigid time window remains attractive, delayed 

treatment according to mismatch selection cannot be recommended as part of 

routine care until or unless further trials show benefit. 
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9  Conclusions and future directions 

Thrombolytic therapy is the therapy of proven efficacy for the treatment of 

acute ischaemic stroke.131 However, it has not yet made a significant public 

health impact; very few patients receive this therapy.228  Many physicians fail to 

administer t-PA because they adhere strictly to the stroke guidelines and fear 

that any deviation would increase the risk of haemorrhage. It is known that most 

of the exclusion criteria are based not on negative evidence (showing harm from 

t-PA use), but on absence of data from the original trials. Many of the exclusions 

were based on expert opinion which was originally framed to assist recruitment 

of a homogeneous patient population for the trial. Soon after the NINDS trial was 

published, showing better outcomes in a 3 hour time window, the drug was 

approved in the USA.24 The European Medicines Agency was reluctant to approve 

its use  (because ECASS I, ATLANTIS and ECASS II failed to confirm the NINDS 

findings), but later did, subject to the fulfilment of conditions that the SITS-

MOST study and ECASS III trials would be conducted by the sponsors.23 While 

SITS-MOST showed that the outcomes from the t-PA use in 3-hours window were 

similar to the pooled RCT data (and can also be used by less experienced 

centres), the ECASS-III trial showed that t-PA use improved outcomes even in a 

3-4.5 hour time window.129,146,147 After it was shown that t-PA is efficacious until 

a 4.5 hours’ time window, there was a felt need to answer other exclusions that 

were listed in the EMEA document.23  

 

The purpose of this thesis was to examine those exclusion criteria, and 

therefore, I decided to examine the following questions: (a) Whether the benefit 

from t-PA use extends to those older than 80 years? (b) Whether those suffering 

from concomitant diabetes and previous stroke have improved outcomes after 

the use of alteplase? (c) Whether the patients having a mild stroke or a severe 

stroke should be treated with alteplase? In addition, I also planned to examine 

whether use of thrombolytic therapy beyond 3 hours and based on mismatch 

criteria could be recommended for routine clinical practice?   

 

So in Chapter 3, I examine Virtual International Stroke Trials Archive (VISTA) 

data to test whether current European recommendation suggesting exclusion of 



    
 

 

elderly patients (older than 80 years) from thrombolysis for acute ischaemic 

stroke is justified. Employing non-randomised controlled comparison of 

outcomes, I show better outcomes amongst all patients (P < 0.0001; OR, 1.39; 

95% CI, 1.26 to 1.54), young patients (P < 0.0001; OR, 1.42; 95% CI, 1.26 to 1.59) 

and the elderly patients (P = 0.002; OR, 1.34; 95% CI, 1.05 to 1.70). Odds Ratios 

are consistent across all age deciles > 30 years. Outcomes assessed by National 

Institutes of Health Scale (NIHSS) score and dichotomised modified Rankin Scale 

score are consistently similar.  

 

In Chapter 4, I compare thrombolysed patients in Safe Implementation of 

Thrombolysis in Stroke International Stroke Thrombolysis Register (SITS-ISTR) 

with VISTA non-thrombolysed patients ("comparators" or "controls") and test 

exactly similar question as in Chapter 3.  Distribution of scores on modified 

Rankin scale are better amongst all thrombolysis patients than controls (odds 

ratio 1.6, 95% confidence interval 1.5 to 1.7; Cochran-Mantel-Haenszel P<0.001). 

Association occurs independently amongst patients aged ≤80 (0R 1.6, 95%CI1.5 to 

1.7; P<0.001; n=25,789) and in those aged >80 (OR 1.4, 95% CI 1.3 to 1.6; 

P<0.001; n=3439). Odds ratios are consistent across all 10 year age ranges above 

30, and benefit is significant from age 41 to 90; dichotomised outcomes (score 

on modified Rankin scale 0-1 v 2-6; 0-2 v 3-6; and 6 (death) versus rest) are 

consistent with the results of ordinal analysis. These findings are consistent with 

results from VISTA reported in Chapter 3. Age alone should not be a criterion for 

excluding patients from receiving thrombolytic therapy. 

 

In Chapter 5, I employ VISTA data to examine whether patients having diabetes 

and previous stroke have improved outcomes from use of alteplase in acute 

ischaemic stroke. Employing a non-randomised controlled comparison, I show 

that the functional outcomes are better for thrombolysed patients versus 

nonthrombolysed comparators amongst non-diabetic (P < 0.0001; OR 1.4 [95% CI 

1.3-1.6]) and diabetic (P = 0.1; OR 1.3 [95% CI1.05-1.6]) patients. Similarly, 

outcomes are better for thrombolysed versus nonthrombolysed patients who 

have not had a prior stroke (P < 0.0001; OR 1.4 [95% CI1.2-1.6]) and those who 

have (P = 0.02; OR 1.3 [95% CI1.04-1.6]). There is no interaction of diabetes and 

prior stroke with treatment (P = 0.8). Neurological outcomes (NIHSS) are 

consistent with functional outcomes (mRS).  



    
 

 

 

In Chapter 6, I undertake a non-randomised controlled comparison of SITS-ISTR 

data with VISTA controls and examine whether patients having diabetes and 

previous stroke have improved outcomes from use of alteplase in acute 

ischaemic stroke. I show that adjusted mRS outcomes are better for 

thrombolysed versus non-thrombolysed comparators amongst patients with 

diabetes mellitus (OR 1.45[95% CI1.30-1.62], N=5354), previous stroke (OR 

1.55[95% CI1.40-1.72], N=4986), or concomitant diabetes mellitus and previous 

stroke (OR 1.23 [95% CI 0.996-1.52], P=0.05, N=1136), all CMH p<0.0001. These 

are comparable to outcomes between thrombolysed and non-thrombolysed 

comparators amongst patients suffering neither diabetes mellitus nor previous 

stroke: OR=1.53(95%CI 1.42-1.63), p<0.0001, N=19339. There are no interaction 

between diabetes mellitus and previous stroke with alteplase treatment (t-

PA*DM*PS, p=0.5). Present data supports results obtained from the analyses of 

VISTA data in chapter 5. There is no statistical evidence to recommend exclusion 

of patients with diabetes and previous stroke from receiving alteplase.  

 

In Chapter 7, I examine VISTA data to test whether exclusion of patients having a 

mild or severe stroke at baseline would be justified. Stratifying baseline stroke 

severity for quintiles of NIHSS scores, I observe that there are significant 

associations of use of alteplase with improved outcomes for baseline NIHSS 

levels from 5 to 24 (p<0.05). This association lose significance for baseline NIHSS 

categories 1 to 4 (P = 0.8; OR, 1.1; 95% CI, 0.3-4.4; N = 8/161) or ≥ 25 (P = 0.08; 

OR, 1.1; 95% CI, 0.7-1.9; N = 64/179) when sample sizes are small and 

confidence interval wide. These findings fail to provide robust evidence to 

support the use of alteplase in the mild or severe stroke patients, though 

potential for benefit appears likely. 

 

In Chapter 8, I present a meta-analysis of trials that investigated mismatch 

criteria for patients’ selection to examine whether present evidence supports 

delayed thrombolysis amongst patients selected according to mismatch criteria. 

I collate outcome data for patients who were enrolled after 3 hours of stroke 

onset in thrombolysis trials and had mismatch on pre-treatment imaging. I 

compare favourable outcome, reperfusion and/or recanalisation, mortality, and 

symptomatic intracerebral haemorrhage between the thrombolysed and non-



    
 

 

thrombolysed groups of patients and the probability of a favourable outcome 

among patients with successful reperfusion and clinical findings for 3 to 6 versus 

6 to 9 hours from post stroke onset. I identify articles describing the DIAS, DIAS 

II, DEDAS, DEFUSE, and EPITHET trials, giving a total of 502 mismatch patients 

thrombolysed beyond 3 hours. The combined adjusted Odds Ratios (a-ORs) for 

favourable outcomes are greater for patients who had successful reperfusion (a-

OR=5.2; 95% CI, 3 to 9; I2=0%). Favourable clinical outcomes are not significantly 

improved by thrombolysis (a-OR=1.3; 95% CI, 0.8 to 2.0; I2=20.9%). Odds for 

reperfusion/recanalisation are increased amongst patients who received 

thrombolytic therapy (a-OR=3.0; 95% CI, 1.6 to 5.8; I2=25.7%). The combined 

data show a significant increase in mortality after thrombolysis (a-OR=2.4; 95% 

CI, 1.2 to 4.9; I2=0%), but this is not confirmed when I exclude data from 

desmoteplase doses that are abandoned in clinical development (a-OR=1.6; 95% 

CI, 0.7 to 3.7; I2=0%). Symptomatic intracerebral haemorrhage is significantly 

increased after thrombolysis (a-OR=6.5; 95% CI, 1.2 to 35.4; I2=0%) but not 

significant after exclusion of abandoned doses of desmoteplase (a-OR=5.4; 95% 

CI, 0.9 to 31.8; I2=0%). Delayed thrombolysis amongst patients selected 

according to mismatch imaging is associated with increased 

reperfusion/recanalisation. Recanalisation/reperfusion is associated with 

improved outcomes. However, delayed thrombolysis in mismatch patients was 

not confirmed to improve clinical outcome, although a useful clinical benefit 

remains possible. Thrombolysis carries a significant risk of symptomatic 

intracerebral haemorrhage and possibly increased mortality. Criteria to diagnose 

mismatch are still evolving. Validation of the mismatch selection paradigm is 

required with a phase III trial. Pending these results, delayed treatment, even 

according to mismatch selection, cannot be recommended as part of routine 

care. 

 

In summary, by employing rigorous analysis techniques, I provide some data that  

would serve as a useful source of evidence to the practicing physicians.398  

 

However, there are challenges that are associated with the use of historical 

controls (like VISTA non-thrombolysed patients as used in chapters 3-7). In some 

cases, it is possible to adjust for potential sources of bias or to interpret findings 

through internal controls. For example, in assessing effects of thrombolysis on 



    
 

 

age, the results in the elderly could be compared to those in younger patients 

for whom RCT data are available to support the effect size estimate. Bias is less 

easy to control in the analyses for which comparable RCT data are unavailable. 

Owing to differences in population characteristics, one may observe excessive 

heterogeneity between patients’ subgroups. If the contributing VISTA controls 

data used entry criteria for severity that did not fully encompass those of the 

thrombolysed group, then a systematic bias in outcomes would be likely. 

Further, geographical or temporal variation in management can generate bias as 

well. Although the historical outcomes in VISTA were rigorously collected, the 

SITS-ISTR data (Chapters 4 and 6) are open to bias through knowledge of 

treatment. Further, because SITS-ISTR is a registry, one cannot guarantee its 

completeness.  

 

Bias may manifest as overly-estimated point estimate: bigger treatment effect 

(point estimates > 1.6 for improved outcomes)269 for patients with moderate b-

NIHSS may indicate an imbalance in case mix (possibly leading to large 

heterogeneity between each subgroup) rather than a strong treatment effect 

from the use of t-PA. I undertook analyses adjusting for age and baseline 

severity, and then for those covariates that differed at baseline ( if data were 

completely available), but, numerous other potential confounders remain 

unmeasured or unknown.  For example, the time from stroke onset to use of t-

PA could not be considered in these analyses. The onset to treatment time was 

known for SITS-ISTR but an equivalent value was not available in VISTA, where 

onset to randomisation for an investigational product was instead recorded (and 

was different between the t-PA and control groups).  Further, these analyses did 

not control for the centre effect which may have influence on patients’ 

outcomes.399  Baseline NIHSS accounts for about 80% of variance in outcomes of 

acute ischaemic strokes, and together with age should normally control for the 

variability in the adjusted analysis.265,280 The most compelling bias arises from 

the fact that the control patients were not given thrombolysis through clinician 

choice, implying that they may have been ‘unsuitable’ in an immeasurable or 

unrecorded way. The magnitude of these biases is unknown in these present 

analyses. Methods employed to adjust for differences at baseline do not confirm 

bias-removal.400 Despite availability of good prognostic data, residual 



    
 

 

confounding may still persist.400 Even alternative methods like the propensity 

scores method do not guarantee removal of bias.  

 

I based my adjusted analyses on CMH test and proportional odds logistic 

regression analyses. This approach to data analyses were applied by Lees et al in 

the SAINT trial271 and have been tested and shown to give reliable estimates on 

other datasets.269 These also add to the power of the study.401  The CMH test is 

limited by sample size, and if data on covariates are missing, it may not be able 

to stratify beyond a limit. For example, in chapter 7, fifty-nine per cent of 

records lacked coding for the variable “antithrombotic” (i.e. antiplatelet and 

anticoagulants) (N=3432). If the analyses were to be done within each stratum of 

the baseline stroke severity level, there would occur further diminution of the 

available data per stratum. Hence, an adjusted analysis for several covariates 

would be difficult within the stratum. In chapter 3, prior use of antiplatelet and 

anticoagulants was not used for adjusted analyses along with other co-variates 

that had differed at baseline, because, by including antithrombotic in the 

analyses, the effective size of dataset reduced from 4620 to 1930 for the non-

elderly and from 1152 to 454 for the elderly. In chapter 4, adjusted analyses 

were possible for all variables that differed at baseline: the effective sample 

size reduced from 26028 patients to 22148 patients for the non-elderly age group 

and from 3472 to 2593 patients for the elderly age group. Adjustment by 

regression analysis relies on assumptions that there is a linear relationship 

between the covariates measured at baseline and outcomes at a later time 

point; and these can be expressed by regression equation. However, the 

assumption that the relationship is linear between the baseline stroke severity 

and outcomes may not always be true.280,402  

 

Despite these limitations, and pending randomised data, evidence presented in 

this thesis may be found useful by stroke physicians to guide therapy in their 

patients. International Stroke Trial (IST-3) has been enrolling patients in 0-6 hour 

time window for about a decade and will report subgroup analyses on some of 

the patients that are currently excluded from European drug label (like the 

elderly). Subgroup analysis of an open label trial spanning a period of >10 years 

will require careful scrutiny. These will be selected patients who may have been 

treated by centres that may have had doubts about their capability to deliver 



    
 

 

alteplase safely or about treatment efficacy. Owing to dismal prospects of 

conducting large randomised trials that specifically test a hypothesis of 

outcomes in the specific subgroups of patients for which data are currently 

lacking (e.g. concomitant diabetes and previous stroke), data like those that are 

presented in this thesis may have relevance to the routine clinical practice. 

Clinicians should individualise the stroke therapy based on their clinical 

judgement.  

 

In the future, I intend to expand this work by examining outcomes in remaining 

exclusion subgroups. In order to do this, I have initiated collaborations with 

colleagues at various centres. Working together, I will undertake systematic 

reviews and meta-analysis of data. Also, where sufficient data are available, I 

will compare outcomes between thrombolysed and non-thrombolysed groups for 

improvement in patients’ outcomes. Whereas in this thesis, I employed adjusted 

analyses technique, adjusting for age and baseline stroke severity, for any 

further work, I may also consider matching procedures like propensity scores, 

the Mahalanobis method or Kent’s method when dealing with non-random data 

like these.280 
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Appendix 

SAS 9.2 Codes for statistical analyses 

A PROC FREQ function was employed to run CMH test. In SAS 9.2 software, 

analyses employing a code “proc freq; tables A*B*C*D / cmh; run;” was 

undertaken. Here, the analysis examines association of C with D when adjusted 

by stratification for covariates A and B. 

A  PROC LOGISTIC function was used to fit the proportional odds model.  

 

SITS and VISTA steering committee members 

 

SITS steering committee members comprised A Davalos, Department of 

Neurosciences Hospital Universitari Germans Trias, Universitat Autònoma de 

Barcelona Ctra Canyet s/n 08916 Badalona, Barcelona, Spain, G. Ford, 

Department of Clinical Pharmacology, New Castle University, Level 6 Leazes 

Wing Royal Victoria Infirmary, Newcastle NE1 4LP; M. Grond, Department of 

Neurology, Kreisklinikum Siegen, Siegen, Germany, W. Hacke, Neurologische 

Klinik, Universität Heidelberg ,Im Neuenheimer Feld 400 , 69120 Heidelberg; M. 

Hennerici, Department of Neurology University Hospital Mannheim University of 

Heidelberg 68167 Mannheim; M. Kaste Department of Neurology, Helsinki 

University Central Hospital, University of Helsinki, Finland; V. Larrue, Dept of 

Neurology, Toulouse University Hospital, Toulouse, K.R. Lees, Institutes of 

Cardiovascular and Medical Sciences, University of Glasgow, UK; R.O. Roine, 

Turku University Central Hospital, Turku, Finland, D. Toni, Dept of Neurological 

Sciences, University 'La Sapienza', Rome,Italy; N. Wahlgren (Chair), Department 

of Neurology, Karolinska University Hospital, Stockholm, Sweden. VISTA Steering 

Committee members comprised K.R. Lees (Chair), MD, Institutes of 

Cardiovascular and Medical Sciences, University of Glasgow, UK; L. Claesson,  



    
 

 

AstraZeneca LLP,  Södertälje, Sweden; E. Bluhmki, PhD, Boehringer Ingelheim, 

Biberach, Germany; B. Gregson, Dept. of Neurosurgery, Newcastle University, 

Newcastle General Hospital, UK; G. Donnan, MD, Neurology, University of 

Melbourne, Australia; H. C. Diener, MD-PhD, Department of Neurology, 

University Duisburg-Essen, Hufelandstrasse, Essen, Germany; J. Grotta, MD, 

Department of Neurology, University of Texas, Houston Medical School, USA; J. 

Marler, MD, Food and Drug Administration , USA; P. Teal, MD, Professor of 

Stroke Neurology, University of British Columbia, Vancouver.; M.G. Hennerici  

MD-PhD, Department of Neurology, University of Heidelberg, Germany; N.G. 

Wahlgren, MD PhD, Karolinska Hospital, Stockholm, Sweden; P. Lyden, MD 

Cedars-Sinai Medical Center, Los Angeles, USA; P.W. Bath, MD Institute of 

Neuroscience, University of Nottingham, UK; R. Sacco, MD Miller School of 

Medicine, University of Miami, USA; S.M Davis, MD Department of Neurology, 

Royal Melbourne Hospital, University of Melbourne, Australia; W. Hacke, MD PhD 

Department of Neurology, University of Heidelberg, Germany; S. Warach, MD 

National Institute of Neurological Disorders and Stroke, USA; M. Fisher, MD, 

Dept of Neurology, University of Massachusetts Medical School, USA; M. 

Hommel, MD Joseph Fourier University, Grenoble, France; M. Kaste, MD 

Department of Neurology, Helsinki University Central Hospital, University of 

Helsinki, Finland; K. Muir, MD, Division of Clinical Neurosciences, University of 

Glasgow, Glasgow, UK; A. Shuaib, MD, Director, Stroke Program, University of 

Alberta, Canada; C. Weimar, MD Department of Neurology, University Hospital 

Essen, University of Duisburg-Essen, Essen, Germany; A. Alexandrov, MD 

University of Alabama Hospital, Birmingham, AL, USA. Once the approval was 

obtained, request for data was made to the VISTA co-ordinator, Dr Myzoon Ali 

and the SITS-ISTR co-ordinator, Dr Niaz Ahmed.  
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