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ABSTRACT

Objective: Our purpose was to develop a geographically localized, multi-institution strategy for
improving enrolment in a trial of secondary stroke prevention.

Methods: We invited 11 Connecticut hospitals to participate in a project named the Local Identifi-
cation and Outreach Network (LION). Each hospital provided the names of patients with stroke or
TIA, identified from electronic admission or discharge logs, to researchers at a central coordinat-
ing center. After obtaining permission from personal physicians, researchers contacted each pa-
tient to describe the study, screen for eligibility, and set up a home visit for consent. Researchers
traveled throughout the state to enroll and follow participants. Outside the LION, investigators
identified trial participants using conventional recruitment strategies. We compared recruitment
success for the LION and other sites using data from January 1, 2005, through June 30, 2007.

Results: The average monthly randomization rate from the LION was 4.0 participants, compared
with 0.46 at 104 other Insulin Resistance Intervention after Stroke (IRIS) sites. The LION ran-
domized on average 1.52/1,000 beds/month, compared with 0.76/1,000 beds/month at other
IRIS sites (p � 0.03). The average cost to randomize and follow one participant was $8,697 for
the LION, compared with $7,198 for other sites.

Conclusion: A geographically based network of institutions, served by a central coordinating cen-
ter, randomized substantially more patients per month compared with sites outside of the net-
work. The high enrollment rate was a result of surveillance at multiple institutions and greater
productivity at each institution. Although the cost per patient was higher for the network, com-
pared with nonnetwork sites, cost savings could result from more rapid completion of research.
Neurology® 2009;72:1345–1351

GLOSSARY
BMI � body mass index; HIPAA � Health Insurance Portability and Accountability Act; HOMA � homeostastis model assess-
ment of insulin resistance; ICD-9 � International Classification of Diseases, 9th Revision; IRB � institutional review board;
IRIS � Insulin Resistance Intervention after Stroke; LION � Local Identification and Outreach Network.

The randomized clinical trial is the preferred scientific strategy for measuring the effectiveness
and safety of new therapies for stroke patients. Unfortunately, many recent trials in stroke have
been hampered by slow patient accrual.1,2 Trials that are designed to last 3 to 4 years are taking
much longer. Trials designed for one or two countries have grown into multinational efforts.
Among the serious consequences of slow accrual are increased costs and delayed completion.3,4
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The current paradigm for most large clini-
cal trials in stroke includes recruitment from
multiple, independent hospitals. Each hospi-
tal establishes and staffs its own research oper-
ation and seeks patients only within its own
walls. Within this paradigm, reasons for slow
accrual, other than exclusion factors,5 seem to
include 1) inadequate numbers of eligible pa-
tients seeking care at a recruitment venue, 2)
failure to identify and approach all eligible pa-
tients, 3) barriers to participation that result in
patient refusal, and 4) lack of adequately trained
research personnel. Many small and nonaca-
demic hospitals cannot support this paradigm
and do not participate in stroke trials.

In this article, we describe a novel approach
that addresses these basic reasons for slow ac-
crual. The approach, termed Local Identifica-
tion and Outreach Networks (LIONs), was
first developed to improve recruitment for the
Hemorrhagic Stroke Project6 during 1994–
2000 and the Women’s Estrogen for Stroke
Trial during 1993–2001.7 It was recon-
structed in 2004 for the Insulin Resistance In-
tervention after Stroke (IRIS) trial, which is
examining the effectiveness of pioglitazone
compared with placebo for prevention of
stroke and myocardial infarction among pa-
tients with insulin resistance and a recent
ischemic stroke or TIA. This article is based
on our experience with the Connecticut
LION in the IRIS trial.

The Connecticut LION includes multiple
collaborating hospitals. Each works within
US federal guidelines governing human sub-
jects research and the Health Insurance Porta-
bility and Accountability Act (HIPAA)8 to
provide the names of patients with stroke or
TIA to researchers at a central coordinating
center. After obtaining permission from per-
sonal physicians, the researchers contact each
patient to describe the study, screen for eligi-
bility, and set up a home visit. Researchers
from the center travel throughout the state to
enroll and follow participants.

METHODS Hospital and investigator eligibility. Gen-

eral hospitals in the state of Connecticut were selected for possi-

ble participation if they had more than 300 beds. We also

approached selected smaller hospitals, such as rehabilitation hos-

pitals, with distinct features indicating a high volume of ischemic

stroke patients, and the presence of a staff neurologist or physia-
trist who was willing to serve as site principal investigator.

Recruitment protocol in the Connecticut LION. We
petitioned the institutional review board (IRB) at each hospital
for permission to use active surveillance. For purposes of this
research, active surveillance involves efforts by researchers to
identify and contact every eligible patient using a system that
may be reasonably expected to achieve complete capture. In our
preferred strategy, staff from the Network Coordinating Center
had access to admission or discharge logs for patients with stroke
and TIA. If this strategy was not accepted by the governing
IRB, we negotiated an alternative. Identification of patients
by clinicians during routine care with subsequent referral to
the Network Coordinating Center was not considered active
surveillance.

Active surveillance required a waiver of HIPAA research au-
thorization. Under current law, such waivers are permitted when
research cannot be practicably conducted without access to and
use of protected health information.8

Once a potentially eligible patient was identified, a research
associate reviewed the medical records, if available, to confirm
eligibility. If eligibility was confirmed or remained uncertain, a
research associate or an IRIS investigator obtained permission
from an attending or personal physician to contact the patient.

If permission was granted, a research associate spoke with the
patient by telephone or in person (if still in the hospital). The
associate explained the IRIS trial and screened for eligibility. If
the patient screened eligible, the associate invited the patient to
learn more during an in-person visit by a research nurse. If the
patient agreed, an appointment was made for the nurse to meet
the patient in the patient’s home or another location if preferred
by the patient.

During the in-person visit, the nurse explained the IRIS pro-
tocol, invited questions, reconfirmed eligibility, and invited the
patient to provide written informed consent. Each eligible pa-
tient signed a Research Authorization Form, in addition to the
written informed consent, allowing researchers access to addi-
tional personal health information. Further enrollment activities,
such as the baseline interview, phlebotomy, and randomization
were completed during a second visit.

The role of the site principal investigator at each member
institution was to consult on local research implementation. He
or she edited an IRB application that was drafted by researchers
at the Network Coordinating Center. Once the application was
approved, the site principal investigator’s role was to periodically
review trial operations, assist in annual IRB reapprovals, assist in
eligibility determination for specific patients, and continually
evaluate and improve research implementation. Research associ-
ates from the Network Coordinating Center were accountable to
the site principal investigator for their performance. The site
principal investigator at most sites received a stipend that was
based on enrollment.

Recruitment protocols at IRIS sites outside the Con-
necticut LION. Outside the Connecticut LION, site investi-
gators typically recruited from one hospital. A few recruited from
two or three. Site investigators were encouraged but not required
to use active surveillance and to identify potential participants
from electronic rosters that would provide near-complete cap-
ture. Not all hospital IRBs, however, would approve strategies in
which patients were identified from such rosters. Coordinators
outside the Connecticut LION rarely performed home visits and
typically worked on more than one study. The main differences
between the LION in Connecticut and other sites, therefore,
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were that in Connecticut the research staff from a central coordi-
nating center covered multiple hospitals, worked exclusively on
the IRIS trial, routinely made first contact with patients usually
by telephone, and enrolled patients during home visits.

IRIS protocol. Essential eligibility criteria include a TIA or
ischemic stroke more than 2 weeks before baseline evaluation but
less than 6 months, age older than 40 years, absence of diabetes,
ability to provide informed consent, and insulin resistance. Insu-
lin resistance is determined by the homeostasis model assessment
of insulin resistance (HOMA) index, calculated from measure-
ments of fasting insulin and glucose. Eligible participants are
randomly assigned to placebo or pioglitazone 45 mg. Surveil-
lance for safety, outcome events, risk factor status, cotherapy,
and adherence are completed during regular telephone calls and
annual in-person visits. Patients remain on study drug for at least
3 years. The primary outcome is time to stroke or myocardial
infarction.

Data management and analysis. For this report, we in-
cluded data on all LION institutions in Connecticut for
which an IRB application or research committee application
was submitted.

For each institution that approved the IRIS protocol, elec-
tronic data were stored in files created with Microsoft® Office
Access 2003 (Redmond, WA). Data from patients who con-
sented to participate that were originally collected on paper
forms were converted to electronic format using Cardiff Tele-
Form® software, version 10.1 (Vista, CA). Data were analyzed
using SAS statistical software, version 9.1 (Cary, NC).

Recruitment and follow-up costs were calculated as total cost
per randomized patient. For the Connecticut LION, costs in-
cluded salaries for personnel at the Network Coordinating Cen-
ter from the date of hire in 2004 through June 30, 2007, staff
travel costs within the state, stipends for investigators at member
institutions, wages for personnel at member institutions, and
30.4% facilities and administration fees. Personnel included
three full-time research associates (two registered nurses), a phy-
sician–investigator (5% effort), a project manager (3% effort), a
business manager (5% effort), an IRB application specialist
(100% effort first 2 years only), and an administrative assistant
(0–30% effort variable over time). For sites outside the LION,
costs included all fees paid from the beginning of the project in
2004 through June 30, 2007, and the cost of contract manage-
ment (30.4% on the first $25,000 paid to sites). Indirect costs
averaged 24% (range 8%–46%).

RESULTS LION assembly. Among 28 acute care
not-for-profit hospitals in Connecticut, we identified
12 with more than 300 beds. One was not invited to
participate because, based on past experience, we be-
lieved it would decline. Two chose to participate as
independent sites outside of the LION project. We
added 2 hospitals with less than 300 beds: a rehabili-
tation hospital and an acute care hospital with strong
records in stroke research. A total of 11 hospitals,
therefore, were invited to participate and initially
accepted.

An IRB application was ultimately filed at 10 of
the 11 institutions. One of the 11 was excluded when
its Research Review Committee objected to the
LION concept and would not authorize subsequent

review by its IRB. By June 30, 2007, 8 of the remain-
ing 10 hospitals were active and 2 were not. One
small hospital was terminated when active surveil-
lance revealed few eligible patients. Another had not
begun to identify potential IRIS participants. Essen-
tial features of the 10 institution are described in
table 1.

Surveillance systems. The IRBs at all 10 institutions
were asked to approve the surveillance system de-
scribed above that would give personnel from the
Network Coordinating Center access to logs of pa-
tients admitted or discharged with the diagnosis of
stroke or TIA, their names, the names of their physi-
cian, and contact information. Approval was granted
at 5 institutions and denied at 5. The 5 denying insti-
tutions approved strategies involving surveillance by
local hospital staff and referral to the Network Coor-
dinating Center. This strategy succeeded at 2 institu-
tions and failed at 3. At the successful sites,
surveillance was completed by discharge planners
who identified eligible patients during their regular
work (institution 7) or a research associate who
worked for the facility but was paid separately for
work on the IRIS trial (institution 10).

At the 3 other institutions, surveillance was at-
tempted by diagnosis coders (institution 4), the prin-
cipal neurologist (institution 6), or case mangers
(institution 8) during their routine work activities.
After data showed slow recruitment or incomplete
surveillance, the IRBs at institutions 4 and 6 ap-
proved the originally requested surveillance system.
The IRB at institution 8 approved a strategy similar
to that for institution 10 in which a member of the
hospital staff was paid to perform active surveillance
for IRIS, but work had not started by June 30, 2007.

Thus, the preferred (template) protocol for pa-
tient identification by which patient lists were pro-
vided to researchers in the Network Coordinating
Center was ultimately approved by 7 of the 10 hospi-
tals participating in the LION project. The other 3
hospitals require employees of the institution to lo-
cally review admission or discharge logs and medical
records to preselect eligible patients for referral to the
Network Coordinating Center.

Preliminary eligibility was checked before direct
patient contact for patients from most LION hospi-
tals. Only the minimum information necessary was
gathered. Strategies included remote review of elec-
tronic medical records by IRIS staff (3 institutions),
on-site review of paper medical records (1 institu-
tion), and on-site review of medical records by in-
house personnel (2 institutions).

Nine of the 10 hospitals approved the preferred
(template) strategy for first and subsequent contact
of potential participants by IRIS staff. Hospital 9 re-
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quired us to send a letter to patients in advance of our
telephone contact; patients could call to opt out of
the telephone call.

Recruitment performance. Performance data for the
Connecticut LION and for each of the 10 active,
inactive, or terminated member institutions are re-
ported in table 2. A total of 4,708 patients were iden-
tified to the Network Coordinating Center, among
whom 763 (16%) were determined to be eligible for
a consent visit. Of the 763 patients, 708 (93%)
agreed to an in-person consent visit, usually in their
home. As a result of the consent visit, 441 of 708
(62%) were found to be eligible for enrollment. A
high proportion of eligible patients consented to par-
ticipate in the trial (281/441 � 64%).

Member institutions in the Connecticut LION
were, on average, more productive in terms of random-
izations than other institutions in the IRIS network.
Among 104 institutions outside Connecticut that par-
ticipated in the trial at any time before June 30, 2007,
the average monthly randomization rate was 0.33 par-
ticipants (range 0–1.88). Adjusted for bed size of enroll-
ing institutions, the average monthly randomizations per
1,000 beds was 0.56 (range 0–4.53). Among the 75
institutions outside Connecticut that enrolled at least
one patient, the average monthly randomization rate
was 0.46 participants (range 0.03–1.88); average
monthly randomizations per 1,000 beds was 0.76
(range 0.04–4.53). Among the nine active or termi-
nated sites in the Connecticut LION, the average

Table 1 General hospitals and rehabilitation hospitals to which an IRB application was submitted

Member
institution

Distance
from
coordinating
center, mi

No. of
beds

Status on
June 30, 2007 Surveillance strategy

Primary method
for preliminary
eligibility confirmation

HIPAA
waiver

1 0 944 Active Daily admission log and
monthly discharge log
by ICD-9 code are
provided to the
coordinating center

Review of medical
record*

Yes

2 1 533 Active Daily admission log and
monthly discharge log
by ICD-9 code are
provided to the
coordinating center

Review of medical
record*

Yes

3 18 425 Active Daily admission log and
monthly discharge log
by ICD-9 code are
provided to the
coordinating center

Review of medical
record*

Yes

4 27 403 Active Monthly discharge log
by ICD-9 code is
provided to the
coordinating center

Patient telephone
interview

Yes

5 27 379 Active Bimonthly discharge
log by ICD-9 code is
provided to the
principal investigator

Patient telephone
interview

Yes

6 34 366 Active Monthly discharge log
by ICD-9 code is
provided to the
coordinating center

Review of medical
record

Yes

7 49 308 Active Discharge planners
forward names of
eligible patients to the
coordinating center

Patient telephone
interview

Yes

8 41 305 Inactive Case managers
forward names of
eligible and consenting
patients to the
coordinating Center

Not yet determined Yes

9 3 168 Terminated Monthly discharge log
by ICD-9 code is
provided to
coordinating center

Review of medical
record

Yes

10 16 109 Active Weekly admission log is
provided to an
institutional research
associate

Review of medical
record

Yes

*Electronic records from these institutions were accessed remotely by computer.
IRB � institutional review board; HIPAA � Health Insurance Portability and Accountability Act; ICD-9 � International Clas-
sification of Diseases, 9th Revision.
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monthly randomization rate was 0.51 participants
(range 0.13–1.21); average monthly randomizations
per 1,000 beds was 1.52 (range 0.38–5.58). After ad-
justing for bed size, hospitals in Connecticut remained

more productive compared with the 75 outside Con-
necticut that have enrolled at least one patient (1.52
randomizations/1,000 beds/month compared with
0.76 randomizations/1,000 beds/month, Wilcoxon
rank-sum comparison p � 0.03). If the Connecticut
LION is considered as one site, the average monthly
enrollment is 4.0.

Table 3 displays essential demographic and
clinical characteristics of patients enrolled at the
Connecticut LION compared with other sites. Pa-
tients from Connecticut were older, more dis-
abled, and less likely to be black. Patients from
Connecticut were also more likely to enter the trial with
a stroke, rather than a TIA, although the difference was
not significant.

Experience with home visits. Among 708 patient vis-
its performed by research nurses in the Connecti-
cut LION, almost all took place at home. Nurses
never found themselves in situations they per-
ceived to be dangerous. One nurse sustained inju-
ries in a car accident while returning from an
assignment.

Data quality. Key indicators of data quality for the
Connecticut LION, compared with other IRIS
sites, are shown in table 4. Data quality was good
at all sites, but trends favored the Connecticut
LION, particularly for completion of annual phle-
botomies and pill bottle returns. Returned bottles
were used to calculate medication adherence. Not
shown in table 3 is average time from stroke or
TIA to randomization, which was 71 days for the

Table 2 Performance of active member institutions in the Connecticut network during January 1, 2005, to June 30, 2007

Member
institution

No. of
beds

Months
in trial*

No. of stroke
patients identified
to the coordinating
center

No. of patients
eligible for a
consent visit No. visited

No. eligible
for consent No. consenting No. randomized†

Randomizations
per month‡

1 944 33.0 1,398 240 222 138 85 40 1.21

2 533 30.6 1,263 151 136 88 60 34 1.11

3 425 29.6 843 124 116 78 40 14 0.47

4 403 23.7 182 27 25 15 13 5 0.21

5 379 28.0 115 42 39 24 18 4 0.14

6 366 27.3 319 40 36 29 23 11 0.40

7 308 26.3 132 46 44 26 13 7 0.27

8 305 0 0 0 0 0 0 0 0

9 168 15.3 9 3 2 2 2 2 0.13

10 109 26.3 447 90 88 41 27 16 0.61

Total/
Mean§

3,635 240.1 4,708 763 (16) 708 (93) 441 (62) 281 (64) 137 (49) 0.55§

*From date of first logged patient to June 30, 2007.
†Among patients who consented, some were not randomized because they were excluded before screening for insulin resistance or were not insulin
resistant.
‡Randomizations through June 30, 2007, only. Four eligible patients identified in columns to left were randomized after June 30, 2007.
§Percentages refer to percent of previous column.

Table 3 Baseline characteristics of patients from the Connecticut LION
compared with other sites

Research site

Characteristic
Connecticut LION
(n � 133)

Non-LION
(n � 644) p Value

Age, mean, y 67 � 10 63 � 10 �0.0001

Female, % 38 34 0.32

Hispanic ethnicity*, % 4 6 0.34

Black race*, % 8 16 0.01

BMI, mean, kg/m2 29.1 � 5.1 30.3 � 5.5 0.05

HOMA 5.3 � 2.4 5.3 � 2.7 0.77

Stroke, % 96 91 0.06

NIH Stroke Scale score, mean 1.4 � 1.4 1.2 � 1.9 0.83

Modified Rankin grade*

No symptoms 12 31 �0.0001

No significant disability 50 38

Slight disability 24 20

Moderate disability 14 9

Moderately severe disability 0 2

Severe disability 0 0

*Missing data: ethnicity, 10 non–Local Identification and Outreach Network (LION) par-
ticipants; race, 9 non-LION participants; body mass index (BMI), 14 non-LION partici-
pants; index event type, 3 non-LION participants; NIH Stroke Scale score, 1 non-LION
participant.
HOMA � homeostasis model assessment of insulin resistance.
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Connecticut LION, compared with 86 days for
other sites (p � 0.0001).

Cost. The average total cost to randomize and follow
one participant from the start of funding July 1, 2004,
through June 30, 2007, including facilities and admin-
istration costs, was $8,697 for the Connecticut net-
work, compared with $7,198 for the other sites.

Adverse events. Among 4,708 patients identified and
more than 2,000 direct contacts, we encountered
only 2 patients or relatives who expressed discomfort
with our approach. The son of 1 patient had privacy
concerns that were quickly resolved when we ex-
plained the IRB approval process and our compli-
ance with HIPAA. Another potential participant
became upset after learning we could not pay for his
participation. No complaints against the trial have
been filed with member institutions or their IRBs.

DISCUSSION The Connecticut LION entered par-
ticipants into the IRIS trial at an average rate of 4.0
per month, compared with 0.46 at more conven-
tional sites. The high enrollment rate was the result
of surveillance at multiple institutions and greater av-
erage productivity at each, as indicated by enrollment
rates adjusted for bed size. The quality of data from
the Connecticut network, including medication ad-
herence, was comparable to data from conventional
sites. The cost to enroll and follow each patient,
however, was higher in the Connecticut LION. It is
possible that greater per-patient costs will be offset by
savings related to earlier completion of the research.

The Connecticut LION enrolled patients into the
IRIS trial from a wide geographic area, served by
some institutions and physicians who were not rou-
tinely involved in stroke research. As a result, patients
who would not otherwise be offered the chance to
participate in research were identified and enrolled.
Special outreach strategies, furthermore, ensured that
barriers to research participation imposed by access

to transportation, inconvenience, or disability were
minimized.

For investigators who create their own LION, we
recommend asking IRBs to approve specific key
strategies for patient surveillance and enrollment,
and providing assurance regarding privacy, personnel
qualifications, and quality oversight. The key strate-
gies include timely access to accurate admission or
discharge logs, access to medical records for eligibility
confirmation, and direct contact with eligible pa-
tients after approval from treating physicians. Re-
mote access to electronic medical records creates
additional efficiency. All work should be performed
by dedicated research staff from a central coordinat-
ing center. Personnel qualifications can be docu-
mented by formal training in HIPAA regulations and
human subjects research. When IRBs will not agree
to one or more of the key features, investigators
should be prepared to accommodate local prefer-
ences. However, when an IRB requires patient surveil-
lance by local personnel, investigators must ensure that
they are properly trained, are committed to the project,
and have access to complete admission rosters.

Seven of 10 LION institutions (70%) approved
the preferred systems for active surveillance by re-
search staff from a central coordinating center (table
3). Our experience at these 7 institutions indicated
that active surveillance by a centralized staff can suc-
ceed in achieving enrollment, meeting institutional
expectations, safeguarding patient privacy, and gar-
nering patient acceptance.

Systems of local surveillance by institutional em-
ployees also succeeded at 2 institutions where the
employees acted as agents of the IRIS trial. Com-
pared with staff from the Network Coordinating
Center, these institutional employees seemed to af-
ford their IRBs a measure of comfort and control,
sometimes as a first interface with patients. Our data,
however, show no benefit from institutional employees
in terms of safety or efficacy (i.e., enrollment rate).

Table 4 Selected indicators of research and data quality

Quality indicator

Connecticut network Other sites

Due
On
time Late Missed

% On
time % Done Due

On
time Late Missed

% On
time % Done

Quarterly telephone follow-ups 1,055 1,053 0 2 100 100 4,455 4,158 129 168 93 96

4-Month phlebotomies 116 113 0 3 97 97 477 414 34 29 87 94

Annual interviews 91 91 0 0 100 100 251 215 34 2 86 99

Annual phlebotomies 91 90 0 1 99 99 251 194 26 31 77 88

Pill bottles returned 523 500 96 1,810 1,531 85

Good adherence with study
drug, % participants

79 75
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Our experience with the LION strategy indicates
that it can succeed in Connecticut, but further proof
of the concept will require testing in other locations
and with different trials. It should be noted that the
member institutions in the Connecticut LION had
prior experience in collaborative research that may have
fostered the trust required for centralized research ad-
ministration. Collaborating neurologists in the Con-
necticut network were strongly supportive of research,
had no concern that the project would result in market
competition, and trusted the project would not limit
the care they could provide to their patients.
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