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Background and Purpose—Recruitment rate is a major determinant of the duration, cost, and feasibility of acute stroke
trials.
Methods—We performed a meta-analysis of all randomized, controlled trials of ⱖ300 subjects that were designed to
evaluate the efficacy of a medical intervention for the treatment of acute ischemic stroke. Data about trial recruitment,
organization, and inclusion/exclusion criteria were abstracted independently by 2 reviewers who applied predefined
criteria. Recruitment efficiency was defined as the number of subjects enrolled per study center per month of
recruitment.
Results—Of 32 trials meeting inclusion criteria, the average recruitment efficiency was 0.79 subjects per center per month
(range 0.08 to 3.7). Recruitment efficiency did not vary by geographic region (P⫽0.36), but trials conducted in 1 country
had more efficient recruitment than international studies (P⫽0.03), and recruitment efficiency declined with each
percentage increase in the total number of study centers (P⫽0.002). The primary study entry criteria that predicted
reduced recruitment efficiency were the maximum allowable time from stroke to study enrollment (P⫽0.002) and the
exclusion of mild strokes (P⫽0.009). Trials with a treatment window ⬎6 hours had approximately double the
recruitment rates of trials that used treatment windows ⱕ6 hours (1.03 versus 0.52 patients per center per month).
Conclusion—Recruitment rates for acute stroke trials are influenced by organizational structure and study entry criteria.
Characterizing predictors of recruitment may help optimize future trial design. (Stroke. 2006;37:123-128.)
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D

espite widespread consensus that randomized, controlled trials are necessary to evaluate the effectiveness
of stroke therapies,1,2 high demands on human and financial
resources limit their feasibility. Previous studies have not
systematically analyzed the impact of study design and
organization on recruitment into large randomized studies of
subjects with acute stroke. An evidenced-based approach to
study recruitment may promote greater efficiency in the
execution of randomized trials and increase the potential for
completing future studies.3,4
Trial feasibility and costs are impacted by 2 crucial factors:
the number of subjects who need to be enrolled and the
duration of time that it will take to enroll them. Although
sample size requirements are generally fixed by statistical
calculations, the duration of acute stroke trials depends
primarily on sample size, the number of centers involved in
recruitment, and the efficiency with which those centers
recruit participants. Although the trial investigator can influence trial duration by determining the number of sites and the
stringency of inclusion criteria, the impact of these variables
on recruitment rates is unknown.

We hypothesized that trial organization and entry criteria
would impact the efficiency of recruitment as defined by the
number of participants enrolled per study center per month of
recruitment. We tested this hypothesis in a meta-analysis
examining predictors of efficient recruitment in large acute
stroke trials completed during the last 15 years.

Methods
We applied standard methods of meta-analysis to identify relevant
publications, screen for inclusion, and abstract key data elements.5
We performed a comprehensive search to identify randomized
clinical trials for acute ischemic stroke. We searched MEDLINE
using the key words and subject headings stroke AND [mh]cerebrovascular disorders with the following delimiters: randomized, controlled studies, human subjects, and publication date after January 1,
1990. We also searched bibliographies of included studies, relevant
review articles, and the Stroke Trials Directory.
Two abstractors independently applied inclusion and exclusion
criteria to identified studies and abstracted predefined data elements.
A third reviewer adjudicated disagreements. Included studies were
randomized-controlled trials with ⬎300 participants in which the
primary objective was to evaluate the efficacy of a medical intervention for the treatment of acute ischemic stroke. When trials did
not report entry criteria, the duration of the enrollment period, or the
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TABLE 1.

Characteristics of Included Studies
Study Centers

Efficiency (subjects/
center/month)

1215

17

2.86

1064

53

0.69

Multiple

792

16

1.42

Europe

350

3

1.83
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Year

Reference

Intervention

Recruitment Region

1990

8

Nimodipine

Europe

1992

9

Nimodipine

North America

1994

10

Monosialoganglioside GM-1

1994

11

Nimodipine

1995

12

Streptokinase/Aspirin

Europe

622

70

0.20

1995

13

Alteplase

North America

624

36

0.39

1995

14

Alteplase

Europe

620

75

0.55

1995

15

Nadroparin

Other

312

4

3.73

1996

16

Tirilazad Mesylate

North America

660

27

1.29

1996

17

Streptokinase

Europe

310

48

0.27

1996

18

Flunarizine

Europe

331

25

0.55

1996

19

Streptokinase

Other

340

40

0.29

1997

20

Aspirin

Other

21 106

413

1.28

1997

21

Piracetam

Europe

927

55

0.45

1997

22

Heparin/Asprin

Multiple

18 456

467

1.04

1998

23

Ebselen

Other

302

68

0.15

1998

24

Alteplase

Multiple

800

108

0.49

1998

25

Danaparoid Sodium

North America

1281

36

0.43

1999

26

Citicoline

North America

394

31

1.12

1999

27

Alteplase

North America

613

140

0.08

2000

28

Nalmefene

North America

368

45

0.40

2000

29

Gavestinel

Multiple

1804

173

0.75

2000

30

Dalteparin

Europe

449

45

0.30

2000

31

Lubelozole

Multiple

1786

131

0.62

2000

32

Ancrod

North America

500

48

0.20

2001

33

Citicoline

North America

899

118

0.49

2001

34

Gavestinel

North America

1646

132

0.69

2001

35

Tinzaparin

Multiple

1499

100

0.65

2001

36

Aptiganel

Multiple

628

156

0.28

2001

37

Enlimomab

North America

625

67

0.47

2003

38

Aspirin

Europe

441

4

1.02

2004

39

Magnesium

Multiple

2589

99

0.40

number of study centers that participated in recruitment, we contacted the study author to obtain this information directly. In addition
to the recruitment data, abstractors recorded the following information about a trial: (1) medication type (eg, thrombolytic, anticoagulant, or neuroprotectant), (2) the route of drug administration, (3) the
countries where the study centers were located, and (4) the specific
inclusion and exclusion criteria of the trial.

Statistical Methods
The primary outcome variable for analyses was an aggregate
measure of recruitment efficiency defined as the number of participants enrolled per study center per month of recruitment. We
considered the following variables as potential predictors of this
outcome: number of centers used in the trial, geography of centers
(North American only versus European only versus other countries
only versus multiple regions), drug class (antithrombotic,
thrombolytic, or neuroprotectant), route of drug administration
(intravenous only versus oral or subcutaneous), maximum time from
stroke to study enrollment, and trial year. We also used the California
Acute Stroke Pilot Registry (CASPR), a large cohort study of acute
stroke in California hospitals,6 to create an inclusiveness index

Subjects

defined as the percentage of acute stroke patients who would have
been eligible for the trial based on the following trial criteria:
minimum and maximum allowed age, systolic and diastolic blood
pressure entry criteria, maximum allowable time from stroke to
enrollment, whether minor strokes were excluded (estimated by
National Institutes of Health Stroke Scale ⱕ5), and whether the
study required the presence of atrial fibrillation.
Changes in trial recruitment parameters over time were evaluated
by the Spearman rank correlation coefficient. Potential predictors of
recruitment efficiency were evaluated using linear regression. Because the relationship between recruitment efficiency and the total
number of study centers was nonlinear, we used a log transformation
of study centers in the regression models, and therefore the estimated
coefficient is interpreted as the average change in recruitment
efficiency for each percentage change in the number of study
centers.7 Although the number of centers contributes to the calculation of recruitment efficiency, we included centers as a predictor in
the multivariable models to control for confounding if trials with
restrictive entry criteria used high numbers of centers to meet
enrollment goals. To limit colinearity between predictors in the
multivariable models, we selected the following variables a priori for
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the initial model: number of centers, recruitment geography, treatment class (thrombolytic versus anticoagulant or neuroprotectant),
and inclusiveness index. The final model was determined using
backward, stepwise elimination to select variables that remained
associated with the outcome at P⬍0.2. Using the multivariable
model results, we calculated an expected recruitment for each study
and used these results to identify studies that achieved recruitment
efficiency above that predicted by our model. For the purposes of
these analyses, it was assumed that the trials that were identified
were a random sample of the total population of trials that could
theoretically have been performed during the study period. All P
values were based on 2-sided hypothesis tests. Statistical analyses
were performed using STATA (version 8).

Results
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Our search strategy identified 132 potentially relevant acute
stroke trials. Of these trials, 94 were excluded for inadequate
sample size and 6 were excluded because trial recruitment
parameters were not obtainable. Therefore, the analysis consisted of 32 large randomized trials of medical therapies for
the treatment of acute ischemic stroke. (Table 1).8 –39 Trial
subjects were recruited exclusively in North America in 11
trials, in Europe in 9 trials, in other regions in 4 trials, and in
a combination of regions in 8 trials. The medical therapies
were classified as thrombolytics in 8 trials, antithrombotics in
7 trials, and neuroprotectants in 17 trials. The median trial
size was 627 subjects (interquartile range [IQR] 418 to 1248
subjects) and involved a median of 54 study centers (IQR 34
to 113 centers) and a median recruitment period of 27 months
(IQR 19 to 42 months). The average recruitment efficiency
was 0.79 subjects per study center per month of recruitment
and ranged from a low of 0.08 to a high of 3.73 subjects per
center per month.
When trial recruitment parameters were analyzed over
time, the total size of trials (rs⫽0.22; P⫽0.23) and the
duration of the enrollment period (rs⫽⫺0.13; P⫽0.46) appeared to remain fairly constant during the study period. The
number of study centers used for recruitment, however,
increased over time (rs⫽0.44; P⫽0.01), and the recruitment
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efficiency of trials showed a trend toward decline over time
(rs⫽⫺0.30; P⫽0.096; Figure).
The regional base for trial recruitment did not appear to
have a major impact on recruitment efficiency. Although
trials (n⫽4) that recruited subjects exclusively in non-North
American and non-European countries had the highest recruitment efficiency (1.36 subjects per center per month) and
North American trials had the lowest efficiency (0.57 subjects
per center per month), all differences by region could be
explained by chance (P⫽0.36; Table 2). Furthermore, there
was no linear relationship between recruitment efficiency and
the total number of countries where subjects were enrolled
(P⫽0.64). However, trials in which recruitment occurred in 1
county (n⫽14) had more efficient recruitment than trials that
recruited subjects in multiple countries (1.13 versus 0.54
subjects per center per month; P⫽0.03). Additionally, recruitment efficiency declined with each percentage increase in the
number of centers used in a study (P⫽0.002); trials that used
a total number of centers above the median recruited subjects
at 0.54 subjects per center per month compared with 1.05
subjects per center per month in trials that used below the
median number of centers.
Several variables hypothesized to correlate with the stringency of trial entry criteria or the complexities of the
intervention were associated with differences in recruitment
efficiency (Table 2). Trials of thrombolytics (average recruitment 0.31 subjects per center per month) were less efficient in
recruitment than trials of neuroprotectants and anticoagulants
(combined average recruitment 0.95 subjects per center per
month; P⫽0.04). There was no significant difference in
recruitment rates between trials of anticoagulants (n⫽7) and
neuroprotectants (n⫽17; P⫽0.29). Trials of medications that
were administered orally or subcutaneously (n⫽12) had
greater recruitment efficiency than trials of intravenously
administered medications (1.26 versus 0.51 subjects per
center per month; P⫽0.006). After adjustment for medication

Change in selected recruitment parameters of acute stroke trials over the last 15
years. (A, total subjects in trial; B, total
time of the enrollment period; C, total
number of centers used for recruitment;
D, recruitment efficiency of trial [subjects
enrolled per study center per month of
recruitment].) Regression lines are superimposed for parameters with evidence of
linear change over time (rs⬍0.05).
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TABLE 2. Impact of Trial Characteristics on
Recruitment Efficiency*

TABLE 3. Trials With Better-Than-Expected
Recruitment Efficiency*

Recruitment
Efficiency With
Characteristic
Study Characteristic

Trials† (n)

Present

Absent

Trial Name
GAIN International29
P Value

Aptiganel

36

Geographic recruitment base
North America
Europe

ECASS II24

11

0.57

0.91

0.24

CAST20

9

0.89

0.75

0.66

GAIN Americas34

Multiple

8

0.71

0.82

0.72

FISS15

Other

4

1.36

0.72

0.12

IST22

Study center characteristics
One country only

14

1.13

0.53

0.03

Total centers ⬎median

16

0.54

1.05

0.06

Thrombolytic

8

0.31

0.95

0.04

Antithrombotic

7

1.21

0.68

0.11

Neuroprotectant

17

0.85

0.73

0.67

Intravenous administration

20

0.51

1.26

⬍0.01

16

1.06

0.52

Intervention type
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Inclusiveness index‡
%Eligible ⬎Median

0.047

Individual entry criteria
Minimum age ⱖ21 y

4

1.28

0.72

0.19

Maximum age ⱕ80 y

2

0.95

0.78

0.77

Atrial Fibrillation Required

1

0.30

0.81

0.53

Maximum mean arterial
pressure ⬍140 mm Hg

5

0.32

0.88

0.14

9

1.35

0.57

0.01

15

0.52

1.03

0.06

Mild strokes included
Maximum time from stroke
⬍6 h

*Recruitment efficiency is the average No. of subjects enrolled per study
center per month of recruitment †No. of included trials (total n⫽32) with
characteristic present; ‡defined as the percentage of total subjects from CASPR
registry data who would have been eligible for study enrollment based on the
individual entry criteria.

class, a trend toward increased recruitment efficiency was
still present for oral and subcutaneous medications (P⫽0.08).
When inclusion and exclusion criteria were analyzed using
CASPR registry data, between 6% and 69% of all acute
ischemic stroke admissions would have been eligible for the
trials considered in this analysis. Trials whose entry criteria
placed them above the median inclusiveness recruited more
efficiently than trials below the median (1.06 versus 0.52
subjects per center per month; P⫽0.047). When the entry
criteria were considered individually, there was a highly
significant relationship between recruitment efficiency and
maximum allowed time from symptom onset to enrollment
(P⫽0.002). Trials that allowed subjects to be enrolled up to
48 hours after stroke (n⫽9) achieved recruitment rates that on
average were ⬇3 times the rate of trials that required subject
enrollment within 6 hours from stroke (n⫽15; 1.47 versus
0.52 subjects per center per month; P⫽0.007). Additionally,
trials that excluded mild strokes (n⫽23) had lower recruitment efficiency than trials that did not specifically exclude
subjects with mild symptoms (n⫽9; 0.57 versus 1.35;
P⫽0.009).

Total
Subjects (n)

Total
Centers (n)

Inclusiveness
Index†

1804

173

28

800

108

14

628

156

19

21 106

413

69

1646

132

28

312

4

37

18 456

467

69

*Trials listed are the top quartile of trials based on recruitment that was most
above that predicted by the inclusiveness index and the No. of centers used in
the trial; †defined as the percentage of total subjects from CASPR registry data
who would have been eligible for study enrollment based on the individual entry
criteria (range 6 to 69).

In the multivariable analysis, 2 variables remained associated with recruitment efficiency in the final model: the
number of trial centers (log transformed; P⬍0.001) and the
summary measure of trial inclusiveness (P⫽0.01; model
adjusted R2⫽0.39). We then calculated, for each trial, the
expected recruitment efficiency based on these 2 parameters.
Trials that achieved recruitment efficiency that was most
above the predicted value based on the multivariable model
are listed in Table 3. The high recruitment rates in these trials
could not be explained by our estimate of the inclusiveness of
their entry criteria or the number of recruitment centers used
in the trial.

Discussion
The efficiency with which subjects are recruited into large,
randomized stroke trials is influenced by the trial organization and the stringency of the entry criteria. In particular, the
tradeoff between the allowable treatment window and ease of
recruitment is considerable; average recruitment efficiency in
trials with a 6-hour treatment window was approximately one
third that of trials that allowed enrollment up to 48 hours after
stroke. Furthermore, after adjustment for the stringency of
trial entry criteria, trials with large numbers of study centers
recruited less efficiently than trials with smaller numbers of
centers. The trial entry and organizational criteria considered
in this analysis account for, at most, ⬇40% of the variability
in subject recruitment efficiency across the included trials.
Although the magnitude of these associations makes them
relevant to trial design, other factors, potentially related to
site motivation and competency, are also likely to be critical
in determining the efficiency with which randomized stroke
trials are executed. Identifying these other factors may be
crucial in accelerating future trials.
The 2 primary predictors of recruitment efficiency in the
multivariable analysis (inclusiveness of trial entry criteria and
the number of study centers) have different potential implications for optimizing trial design. Given the fundamental
importance of time to treatment in demonstrating the benefits
of tissue plasminogen activator in acute ischemic stroke
treatment, it is unlikely that trial investigators will change
their target treatment window simply to improve recruitment.
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However, full knowledge of the impact of this parameter on
recruitment rates is important in determining the expected
duration of the trial and in choosing the number of centers
necessary to complete it in a timely fashion. Given recent
evidence documenting benefits of thrombolysis in subjects
initially considered to have minor strokes,40 the inclusion of
such subjects in stroke trials may enhance recruitment without a major threat to the power of a study to demonstrate
efficacy. The greater recruitment efficiency observed in
smaller studies may have been attributable to more careful
selection of study centers or more personal investment on the
part of the center investigators. Further study, particularly of
center-specific recruitment results, is needed to identify the
characteristics of high-performing centers and to guide center
selection in future trials.
Trial experts recently advocated for performing large,
simple randomized trials without complex measurements of
baseline variables.41,42 The 2 largest trials included in this
analysis, International Stroke Trial (IST) and Chinese Acute
Stroke Trial (CAST), used this approach, and inclusion and
exclusion decisions apart from time to treatment were left
almost entirely to the discretion of the enrolling physician.
Most other trials in this analysis enumerated numerous
inclusion and exclusion criteria, most of which had no
appreciable impact on our summary measure of trial inclusiveness but may have added to difficulty in enrolling
patients. IST and CAST achieved recruitment efficiency that
was above that predicted by our model, suggesting that their
broadly inclusive trial entry criteria may provide additional
benefits to recruitment efficiency beyond that which can be
explained by the predictors considered in this analysis.
Furthermore, such an approach is likely to improve the
generalizability of the study findings.
The most reliable variable abstracted for this analysis that
was specifically related to subject inclusion and exclusion
was the maximum allowable time to treatment. All trials
reported this variable, and it is likely that the criterion was
applied reasonably uniformly across sites. Our ability to
generalize about other specific inclusion and exclusion criteria is limited both by the sample size of our analysis, variable
definitions used across studies, and the possibility that not all
inclusion and exclusion criteria were reported in trial publications. Because only 1 trial included in this analysis required
MRI imaging in all participants, we could not assess the
impact on recruitment rates of using more demanding ancillary tests when compared with standard head computed
tomography. Our analysis did not adjust for the effects of
competing trials and assumed that all study centers were
active from the beginning of the trial, 2 factors that would
likely result in an underestimation of actual recruitment
efficiency but that would not be expected to bias analyses of
individual predictors. Furthermore, our estimates of recruitment efficiency are not generalizeable to small trials in which
recruitment may be more easily coordinated than in the large,
multicenter trials considered here.
Our results support the idea that trial design is a discipline
amenable to guidance from scientific analysis as opposed
simply to tradition and expert opinion. Given the high societal
costs associated with the performance, and potentially the
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lack of performance, of well-designed randomized stroke
trials, additional work in this area is needed to improve future
trials and minimize tradeoffs between trial feasibility and
scientific validity.
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