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Abstract

Background: Randomized controlled trials provide high-level evidence, but the necessity to include selected patients

may limit the generalisability of their results.

Methods: Comparisons were made of baseline and outcome data between patients with acute ischemic stroke (AIS)

recruited into the alteplase-dose arm of the international, multi-center, Enhanced Control of Hypertension and

Thrombolysis Stroke study (ENCHANTED) in the United Kingdom (UK), and alteplase-treated AIS patients registered

in the UK Sentinel Stroke National Audit Programme (SSNAP) registry, over the study period June 2012 to October

2015.
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Results: There were 770 AIS patients (41.2% female; mean age 72 years) included in ENCHANTED at sites in England

and Wales, which was 19.5% of alteplase-treated AIS patients registered in the SSNAP registry. Trial participants were

significantly older, had lower baseline neurological severity, less likely Asian, and had more premorbid symptoms, hyper-

tension and atrial fibrillation. Although ENCHANTED participants had higher rates of symptomatic intracerebral hem-

orrhage than those in SSNAP, there were no differences in onset-to-treatment time, levels of disability (assessed by the

modified Rankin scale) at hospital discharge, and mortality over 90 days between groups.

Conclusions: Despite the high level of participation, equipoise over the dose of alteplase among UK clinician investi-

gators favored the inclusion of older, frailer, milder AIS patients in the ENCHANTED trial.

Clinical trial registration: Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier:

NCT01422616

Keywords

Acute ischemic stroke, alteplase, thrombolysis, clinical trial, health outcomes

Received: 27 July 2018; accepted: 30 January 2019

Introduction

Reperfusion therapy with intravenous (iv) alteplase (or
recombinant tissue plasminogen activator) is approved
for the treatment of time-selected patients with acute
ischemic stroke (AIS),1 but controversy exists over the
most safe and efficacious dose. Concerns over the risk
of symptomatic intracerebral hemorrhage (sICH), the
most serious complication of iv alteplase, and its afford-
ability in low resource settings, have led to lower doses
being used in many Asian AIS patients2 after a dose of
0.6mg/kg was approved in Japan. The Enhanced
Control of Hypertension and Thrombolysis Stroke
study (ENCHANTED) provided the first randomized
evaluation of the effectiveness of low-dose (0.6 mg/kg
body weight) compared to standard-dose (0.9mg/kg) iv
alteplase in thrombolysis-eligible AIS patients.3

Although the study was unable to demonstrate non-
inferiority between the doses on the primary endpoint
of death or disability (modified Rankin scale (mRS)
scores 2–6) at 90 days, it clearly showed a reduced
risk of sICH with the lower dose of alteplase. The
results were translated into the recent United
Kingdom (UK) National Clinical Guidelines for
stroke as showing:

A lower risk of ICH and early mortality with the lower

dose, without conclusively demonstrating that the

doses were of equivalent efficacy, such that there may

be circumstances in which the treating physician and/or

patient wish to forgo some of the potential disability

benefit from standard dose in order to reduce the early

risk of ICH through use of the lower dose.4

Yet, despite being a pragmatic study with broad eligi-
bility criteria, concerns have been expressed about the
generalizability of the ENCHANTED results as, like all

clinical trials, it involved selected participants.5 We
wished to assess the degree of selection bias in
ENCHANTED by comparing the characteristics and
outcomes of AIS patient participants with other alte-
plase-treated AIS patients at participating sites in
England and Wales. The comparison AIS population
was derived from the UK Sentinel Stroke National
Audit Programme (SSNAP), a prospective, national,
continuous stroke register of patients (age �16 years)
in England and Wales, which captures over 90% of
all hospital stroke admissions in these countries.6

Therefore, this post hoc analysis of the
ENCHANTED trial will compare: (i) the trial popula-
tion with the contemporaneous registry population in
England and Wales; and (ii) thrombolysis-eligible and
treated patients within the trial and within the registry
at participating UK centers.

Methods

Design

The ENCHANTED trial is an international, multi-
center, prospective, randomized, open-label, blinded-
endpoint trial with a 2� 2 partial-factorial design to
assess the effectiveness of low-versus standard-dose
alteplase (the completed arm), and more intensive-
versus guideline-recommended control of blood pres-
sure (BP) (the ongoing arm); full details of which are
outlined elsewhere.3,7 These analyses consider the 770
AIS patients who were treated at participating sites in
England and Wales between 18 June 2012 and 14
October 2015. Thrombolysis-eligible AIS patients
were randomly allocated to treatment with low-dose
(0.6mg/kg; 15% as bolus, 85% as infusion over 1 h)
or standard-dose (0.9mg/kg; 10% as bolus, 90% as
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infusion over 1 h) iv alteplase. The study protocol was
approved by the appropriate ethics committee at each
participating site, and written informed consent was
obtained from patients or an appropriate surrogate.
Ethical approval for use of relevant SSNAP data was
granted by the Ethics and Confidentiality Committee of
the National Information Governance Board.
Mortality data in the ENCHANTED trial were col-
lected up to 90 days, whereas such data in the
SSNAP registry were recorded from two main sources:
(i) by the treating clinical team for in-hospital mortal-
ity; and (ii) data linkage with the national death register
based on the NHS number. Thereafter, 90-day mortal-
ity rates were derived from either/ both of these dates of
death and the date of hospital admission.

Procedures

Key demographic and clinical characteristics of AIS
patients were recorded at the time of enrollment in
ENCHANTED, and within a median of 20 days of
hospital admission in SSNAP. Stroke severity was mea-
sured with the National Institutes of Health stroke
scale (NIHSS) at baseline and at 24 h (in those patients
receiving thrombolysis). The primary clinical outcome
of ENCHANTED was the combined endpoint of death
or disability (mRS scores 2–6) at 90 days. However,
mRS scores at hospital discharge and mortality
within 90 days were used for these analyses as these
outcomes were common to both datasets. The safety
outcome was sICH, defined according to the National
Institute of Neurological Disorders and Stroke
(NINDS) criteria (i.e. any ICH associated with neuro-
logical deterioration, �1 point increase in NIHSS
scores from baseline or death within 24 to 36 h) was
also common to both datasets.8 The evaluation of
sICH was by independent assessors blinded to clinical
data, treatment, and date and sequence of scan in the
ENCHANTED trial, but was uploaded without adju-
dication by the treating clinical team for SSNAP regis-
try patients.

Statistical analysis

Key baseline characteristics and 90-day outcomes are
summarized as mean (SD), median (interquartile
range (IQR)) and percent for normally distributed,
skewed, and categorical data, respectively. P values
were obtained from the Kruskal–Wallis test for con-
tinuous data or Chi-squared for categorical data. A
two-sided P value< 0.05 was set as the level for stat-
istical significance, and no adjustment was made for
multiplicity of testing. All statistical analyses were
performed using SAS version 9.3 (SAS institute,
Cary, NC, USA).

Role of the funding source

The sponsors had no role in the study design, data col-
lection, data analysis, data interpretation or writing of
the report. All authors had full access to the study data.
The corresponding author had final responsibility for
the decision to submit the paper for publication.

Results

These analyses involve the 770 AIS patients (41.2%
female; mean age 72 years) randomized to the alte-
plase-dose arm of ENCHANTED in England and
Wales, which corresponds to 1.9% of 39,835 hospita-
lized stroke patients correspondingly entered onto the
SSNAP registry over respective recruitment time peri-
ods at these 30 trial sites. Of 34,932 AIS patients regis-
tered in SSNAP, 5937 were potentially eligible for
ENCHANTED according to the inclusion and exclu-
sion criteria of the study, and 3957 did receive thromb-
olysis treatment. Thus, ENCHANTED included
approximately one-fifth (19.5%) of all thrombolysis-eli-
gible and treated AIS patients in England and Wales.

Overall, 213,886 stroke patients were registered with
SSNAP across 206 sites in England and Wales during
the study period. Of these, 187,283 had AIS and 28,800
fulfilled eligibility criteria for ENCHANTED, with
18,109 (62.9%) actually receiving thrombolysis
treatment.

Table 1 outlines the key baseline characteristics of
the AIS population eligible for ENCHANTED at all
SSNAP sites in England and Wales. Compared to AIS
patients in the SSNAP registry, ENCHANTED partici-
pants were older, less often Asian, had lower mean
baseline NIHSS scores, and more pre-morbid symp-
toms, hypertension and atrial fibrillation. In addition,
ENCHANTED participants were less likely to be trea-
ted in a stroke unit, although more received ICU care.
However, no significant differences were evident in
median (IQR) times from the onset of symptoms to
treatment between ENCHANTED participants and
potentially eligible AIS patients, and between those
AIS patients thrombolyzed at ENCHANTED sites
(137 [107–180] min) and all SSNAP sites (142
[111–181]). Other key baseline characteristics and data
on alteplase use and management over the first seven
days among trial participants, as compared to the
total ENCHANTED population, are provided in
Supplementary Tables S1 and S2, respectively.

Table 2 shows comparable 90-day mortality between
ENCHANTED participants, and eligible and thrombo-
lysis-treated SSNAP patients at ENCHANTED parti-
cipating sites. ENCHANTED participants were
significantly less likely to have moderate-to-severe dis-
ability (mRS score 4: requiring assistance with daily
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living) at hospital separation as compared to
ENCHANTED-eligible and thrombolysis-treated
SSNAP patients (8.9% vs. 14.3%; P< 0.0001), and
they tended to be free of substantial disability (mRS
score 1: 23.8 vs. 20.6%; P¼ 0.054). There were no
other differences in outcomes (Table 2, Figure 1).
Although ENCHANTED participants had significantly
higher rates of sICH than ENCHANTED eligible and
thrombolysis-treated SSNAP patients (5.1 vs. 3.4%;
P¼ 0.028), there was no difference in deaths, and
neurological deterioration was significantly lower in
the former (6.9 vs. 11.7%; P< 0.0001) (Table 3).

Discussion

Our study compared participants of the multi-center
ENCHANTED trial that assessed two different doses
of iv alteplase, with the contemporaneous population
of hospitalized AIS patients who fulfilled the study eli-
gibility criteria and were thrombolyzed at sites in
England and Wales over the study period. The use of
a pragmatic design with simple criteria and data collec-
tion requirements resulted in ENCHANTED achieving
a high level of recruitment, approximately one in five of
potentially thrombolysis-eligible AIS patients within
the research network. However, these analyses show

the trial had a degree of selection bias, reflected in dif-
ferences in the characteristics and outcomes between
AIS patients within and outside the trial. Compared
to background AIS patients, trial participants were

Table 2. Death and disability in ENCHANTED trial participants compared to eligible and treated patients at ENCHANTED and all

SSNAP sites in England and Walesa

ENCHANTED

participants

(n¼ 770)

SSNAP eligible and treated patients

at ENCHANTED sites

(n¼ 3957) P value

Death or disability (mRS score 2–6) 411/719 (57.2) 2244/3736b (60.1) 0.15

Death or disability (mRS score 3–6) 298/719 (41.5) 1660/3736 (44.4) 0.14

Death 83/770 (10.8) 462/3957 (11.7) 0.48

mRS score

0 137 (19.1) 723 (19.4) 0.85

1 171 (23.8) 769 (20.6) 0.054

2 113 (15.7) 584 (15.6) 0.95

3 106 (14.7) 566 (15.1) 0.78

4 64 (8.9) 535 (14.3) <0.0001

5 45 (6.3) 181 (4.8) 0.11

6 83 (11.5) 378 (10.1) 0.25

Note: Data are n/N (%).
amRS data are at hospital separation and mortality data at 90 days for both datasets.
bOnly available in SSNAP for records locked to discharge.

mRS: modified Rankin scale.

Figure 1. Global functional outcome at 90 days in partici-

pants of the ENCHANTED trial and in patients with acute

ischemic stroke in the SSNAP register who were eligible and

treated with intravenous alteplase. The figure shows the raw

distribution of scores on the modified Rankin scale (mRS) at

90 days. Scores on the mRS range from 0 to 6, with 0 indi-

cating no symptoms; 1 symptoms without clinical significant

disability; 2 slight disability; 3 moderate disability; 4 moder-

ately severe disability; 5 severe disability; and 6, death.

0% 20% 40% 60% 80% 100%

SSNAP Eligible & Treated

ENCHANTED 0
1
2
3
4
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6
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older, had greater premorbid health problems, and pre-
sented at later times after the onset of symptoms, all of
which may have contributed to their higher rate of
sICH despite presenting with milder neurological sever-
ity. These findings are likely to reflect the equipoise of
investigators over the AIS patients to be included in the
trial to address the research question under
investigation.

Randomized controlled trials provide the highest
level of quality in evaluating interventions, but they
are limited by a degree of external validity, or general-
izability, from selection bias associated with the neces-
sity to restrict including patients based on certain
inclusion/exclusion criteria. In the era of ‘big data’, dis-
ease registries add value in determining ‘real life’ effi-
cacy, provision of outcomes on rare diseases, and
providing rapid review of the application of treatments
as data accumulate.9 As demonstrated in Scandinavia,
registries can complement clinical trial data to monitor
and continuously improve health services and patient
outcomes.10

With its high level of data acquisition and coverage,6

the SSNAP registry provided an ideal opportunity to
compare our trial participants with the near whole, hos-
pitalized, AIS population in England andWales. In gen-
eral, though, clinical trials tend to include younger and
healthier ‘diseased’ participants. For example, in the
Improved Reduction of Outcomes: Vytorin Efficacy
International Trial (IMPROVE-IT) of ezetimibe com-
pared to simvastatin, patients with an acute coronary
syndrome tended to be younger, healthier and to have
had more optimal therapies compared to those in the
ambulatory cardiology practice-performance registry
of the American College of Cardiology.11 It is apparent
that due to their concerns about the risks of sICH,
ENCHANTED investigators narrowed their clinical
equipoise over the dose of alteplase in favor of older,
milder AIS patients, whereas younger AIS patients
with more severe deficits tended to be excluded from
participation and treated with standard-dose alteplase.

In the United States, participation in the Get-with-
the-Guidelines-Stroke registry of the American Heart

Association/American Stroke Association has been
shown to increase adherence to various performance
measures related to patient outcomes, independent of
hospital size, teaching status, and geographical loca-
tion.12 We were unable to find any significant differ-
ences between trial and non-trial AIS patients, in
relation to the clinical outcomes of mortality and dis-
ability, but our analyses were limited by the patient and
site numbers. Another limitation of our study is that it
was a post hoc analysis within a single region, which
together with open nature of the trial raises the poten-
tial for bias and chance associations. Moreover, the
ENCHANTED trial used the primary outcome
measure at the conventional time point of 90 days
post-randomization, but the mRS was only routinely
collected at the time of hospital discharge in the
SSNAP registry. Thus, as well as variability around
the reliability of the mRS outcome measure between
studies,13 there may be concerns about the utility of dis-
charge mRS score in predicting 90-day outcome.14 In
addition, while the key secondary safety outcome of
sICH was independently adjudicated for
ENCHANTED trial patients, this information was
uploaded without adjudication by the treating clinical
teams to the SSNAP registry. Finally, the
ENCHANTED trial participants were randomized to
low versus standard-dose alteplase. It may be considered
that a more appropriate comparison was between trial
participants randomized to standard-dose and registry
patients eligible and treated with thrombolysis.
However, Supplementary Table S3 shows similar differ-
ences between the trial participants treated with stan-
dard-dose compared to those thrombolysis-eligible and
treated in the SSNAP registry. Nonetheless, we consider
the more relevant comparison between all trial partici-
pants and the thrombolysis-eligible and treated registry
population to understand better important differences
between the trial and registry populations.

In summary, we have shown significant differences
between trial and hospital populations in participat-
ing English and Welsh centers in the ENCHANTED
trial and SSNAP registry, respectively. Importantly,

Table 3. Symptomatic intracerebral hemorrhage in ENCHANTED participants compared to eligible and treated patients at

ENCHANTED and all SSNAP sites in England and Wales

ENCHANTED

participants (n¼ 770)

SSNAP eligible and

treated patients at

ENCHANTED sites (n¼ 3957) P value

sICH 39/770 (5.1) 136/3957 (3.4) 0.028

Death/neurological deterioration in 24 h 53/770 (6.9) 462/3957 (11.7) <0.0001

Note: Data are n/N (%).

sICH: symptomatic intracerebral hemorrhage, defined by National Institute of Health for Neurological Disorders and Stroke criteria.
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the trial population tended to be older, and have pre-
existing co-morbidities and milder neurological
severity, which likely reflect the treating clinician’s
decision to include them. However, these factors
were associated with a higher rate of sICH, although
this did not translate into worse mortality or disabil-
ity compared to the broader AIS population. This
study highlights the degree of selection bias under-
lying clinical trials but also the importance of disease
registries in monitoring systems of care and health
outcomes.
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research grants for the ÑANDU and ADDSPISE projects
outside the submitted work, speaker fees for Boehringer
Ingelheim and EverPharma, and travel support from

EverPharma. JC has received research grants and lecture
fees from Servier. CSA is a Senior Principal Research
Fellow of the NHMRC and has received advisory panel

fees from Amgen, speaking fees and research grant support
from Takeda China.

Funding

The author(s) disclosed receipt of the following financial sup-

port for the research, authorship, and/or publication of this
article: The alteplase-dose arm of ENCHANTED study is
supported by grants from the National Health and Medical

Research Council (NHMRC) of Australia, the Stroke
Association of the United Kingdom, the Ministry of Health
and the National Council for Scientific and Technological

Development of Brazil (CNPQ: 467322/2014-7, 402388/
2013-5), and the Ministry for Health, Welfare and Family
Affairs of the Republic of Korea (HI14C1985).

Ethics approval

The study protocol was approved by the National
Research Ethics Service Yorkshire and Humber –
Leeds West Committee for UK centers (11/YH/0442),
and written informed consent was obtained from the
patient or an appropriate surrogate.

ORCID iD

Thompson G Robinson http://orcid.org/0000-0003-2144-
2468
Xia Wang http://orcid.org/0000-0002-1684-7076

Philip M Bath http://orcid.org/0000-0003-2734-5132
Vijay K Sharma http://orcid.org/0000-0002-8976-5696
John Chalmers http://orcid.org/0000-0002-9931-0580

Craig S Anderson http://orcid.org/0000-0002-7248-4863

References

1. Emberson J, Lees KR, Lyden P, et al. Effect of treatment

delay, age and stroke severity on the effects of intraven-

ous thrombolysis with alteplase for acute ischaemic

stroke: a meta-analysis of individual patient data from

randomised trials. Lancet 2014; 384: 1929–1935.

2. Sharma VK, Ng KW, Venketasubramanian N, et al.

Current status of intravenous thrombolysis for acute

ischemic stroke in Asia. Int J Stroke 2011; 6: 523–530.
3. Anderson CS, Robinson T, Lindley RI, et al. Trial of

low-dose versus standard-dose intravenous alteplase in

patients with acute ischemic stroke. N Engl J Med 2016;

374: 2313–2323.
4. Intercollegiate Stroke Working Party. National clinical

guidelines for stroke, 5th ed. London: Royal College of

Physicians, 2016.

5. Sila C. Finding the right t-PA dose for Asians with acute

ischemic stroke. N Engl J Med 2016; 374: 2389–2390.

6. Sentinel Stroke National Audit Programme, www.stro-

keaudit.org (accessed 4 June 2018).

7. Huang Y, Sharma VK, Robinson T, et al. Rationale,

design, and progress of the ENhanced Control of

Hypertension And Thrombolysis strokE stuDy

(ENCHANTED) trial: an international multicenter

2� 2 quasi-factorial randomized controlled trial of low-

vs. standard-dose rt-PA and early intensive vs. guideline-

recommended blood pressure lowering in patients with

acute ischaemic stroke eligible for thrombolysis treat-

ment. Int J Stroke 2015; 10: 778–788.
8. The National Institute of Neurological Disorders and

Stroke rt-PA Stroke Study Group. Tissue plasminogen

activator for acute ischemic stroke. N Engl J Med 1995;

333: 1581–1587.
9. Frieden TR. Evidence for health decision making –

beyond randomized, controlled trials. N Engl J Med

2017; 377: 465–475.
10. Schoenfeld AJ and Redberg RF. The value of using regis-

tries to evaluate randomized clinical trial study popula-

tions. JAMA Int Med 2017; 177: 889.
11. Maddox TM, Tang F, Downs JR, et al. Applicability of

the IMPROVE-IT trial to current patients with acute

International Journal of Stroke, 0(0)

Robinson et al. 7

http://orcid.org/0000-0003-2144-2468
http://orcid.org/0000-0002-1684-7076
http://orcid.org/0000-0003-2734-5132
http://orcid.org/0000-0002-8976-5696
http://orcid.org/0000-0002-9931-0580
http://orcid.org/0000-0002-7248-4863
www.strokeaudit.org
www.strokeaudit.org


coronrary syndrome: an NCDR research to practice pro-
ject. JAMA Int Med 2017; 177: 887–889.

12. Schwamm LH, Fonarow GC, Reeves MJ, et al. Get with

the guidelines-stroke is associated with sustained
improvement in care for patients hospitalized with acute
stroke or transient ischemic attack. Circulation 2009; 119:
107–115.

13. Quinn TJ, Dawson J, Walters MR and Lees KR.
Reliability of the modified Rankin scale: a systematic
review. Stroke 2009; 40: 3393–3395.

14. Thompson MP and Reeves M. Assessing the

utility of the modified Rankin scale (mRS) at dis-

charge to predict day 90 outcomes in acute stroke

registries. Circ Cardiovasc Qual Outcomes 2012;

5(Suppl 1): A168.

International Journal of Stroke, 0(0)

8 International Journal of Stroke 0(0)


