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T he high morbidity and mortal-
ity associated with critical ill-
ness has stimulated a wealth
of studies that form the foun-

dation of daily practice. Clinical research
in the intensive care unit (ICU) has
helped us to better understand myriad
disease processes, how we may detect and
modify them, and how these processes
relate to patient outcomes. Issues of epi-
demiology (1), diagnosis (2), prognosis
(3), prevention (4), treatment (5), and
process of care (6) central to the care of

critically ill patients have been addressed
in numerous multicenter studies.

Multicenter collaboration can result
in higher rates of patient enrollment than
single-center research, thereby generat-
ing larger studies or studies of shorter
duration. Larger studies are more likely
to be published than studies with small
sample sizes (7), potentially increasing
awareness of research findings in the
clinical and research community. Enroll-
ment of patients in several sites also en-
hances the generalizability of study re-
sults to similar patients in similar
settings.

The objective of this review article is
to describe several aspects of multicenter
clinical research in adult critical care
medicine. Domains that will be addressed
include the development of collaborative
groups (the rationale for their formation
and the process by which they are consti-
tuted), their organization (both structure
and function), and their methods of op-
eration (the creation, management, and
funding of their research programs). Our

focus is several established clinical re-
search groups in Europe, Australia,
United States, and Canada that are en-
gaged in investigator-initiated multi-
center studies.

METHODS

This article is structured according to a
series of five questions commonly asked about
the development, organization, and operation
of critical care clinical research groups: a)
Why were these research groups developed,
and which clinical problems have they ad-
dressed?; b) How were these research groups
constituted?; c) How are protocols developed
by these research groups?; d) Where do these
research groups obtain project funding?; and
e) What study management methods are used
by these research groups?

These groups were selected based on the
following: a) their contributions to adult crit-
ical care research; b) conduct of investigator-
initiated studies; and c) presentations at a
symposium of the American Thoracic Society
Meeting on Clinical Trials in Critical Care on
May 10, 2000, in Toronto, Canada. Groups
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Objective: To describe the development, organization, and op-
eration of several collaborative groups conducting investigator-
initiated multicenter clinical research in adult critical care.

Design: To review the process by which investigator-initiated
critical care clinical research groups were created using exam-
ples from Europe, Australia, the United States, and Canada. Var-
ious models of group structure and function are discussed, high-
lighting complementary approaches to protocol development,
multicenter study management, and project funding.

Data Sources: Published peer review research and unpub-
lished terms of reference documents on the structure and func-
tion of these groups.

Data Synthesis: The overall goal of clinical critical care re-
search groups engaged in multicenter studies is to improve
patient outcomes through conducting large, rigorous investiga-
tions. Research programs we reviewed included the following: a)
multicenter epidemiologic studies and surveys; b) technology
evaluations of mechanical ventilation; c) investigations focused
on three priority fields (acute lung injury, infection, and acute
brain injury); d) a series of randomized trials of treatments for one
syndrome (acute respiratory distress syndrome); and e) diverse

methodologies addressing several clinical problems. The struc-
ture and function of these research groups differ according to
their historical development, research culture, and enabling re-
sources. Specific protocols emerge from clinical questions gen-
erated by investigators or from collectively prioritized research
agendas. Project funding includes government support, peer-
review grants, intensive care foundations, industry, local hospital
funds, and hybrid models. Infrastructure for study management
varies widely.

Conclusions: Several national and international groups have
engaged in investigator-initiated multicenter critical care re-
search. The development, organization, and operational methods
of these groups illustrate several collaborative models for clinical
investigations in the intensive care unit. Common characteristics
of these groups are a cohesive spirit, a sense of mission to
achieve shared research goals, and acknowledgment that such an
organization is much more than the sum of its parts. (Crit Care
Med 2002; 30:1636–1643)
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represented include the following: a) interna-
tional investigators conducting epidemiologic
studies and surveys; b) European mechanical
ventilation consortia; c) the Australia & New
Zealand Intensive Care Society Clinical Trials
Group (ANZICSCTG); d) the Acute Respiratory
Distress Syndrome Network (ARDSnet); and e)
the Canadian Critical Care Trials Group
(CCCTG).

Data sources we considered for this report
were texts of symposium presentations, peer
review publications authored by these groups,
including randomized clinical trials (RCTs),
observational studies, and surveys. Organiza-
tional information on structure and function
was obtained from internal terms of reference
documents.

RESULTS

Why Were These Research Groups De-
veloped, and Which Clinical Problems
Have They Addressed? The primary, over-
arching reason for developing these clin-
ical research groups is to enhance under-
standing of how complex disease
processes can be optimally and safely di-
agnosed, monitored, attenuated, or
cured. The desire to conduct large, rigor-
ous, generalizable clinical studies in the
ICU is the fundamental motivation for
these multicenter investigations, which
are developed to improve the outcomes of
critical illness. Unique and complemen-
tary health problems have been addressed
by these research groups.

Several multicenter European ICU
studies have provided key data on the
prevalence of diseases and prevailing
practice patterns. The theme of emerging
pathogens in critically ill patients
prompted the European Prevalence Study
of Infections in the Intensive Care Unit,
in which 45% of patients in 1,417 ICUs
were considered to be infected, and more
than 20% of patients were found to de-
velop an ICU-acquired infection (8).
Other multicenter observational studies
have documented a growing incidence of
antibiotic resistance among bacterial iso-
lates in western European ICU patients
(9). The Sequential Organ Failure Assess-
ment Study was conducted to record the
incidence of organ dysfunction in 1,449
patients followed prospectively for their
entire ICU stay (10). Recently, the Ane-
mia and Blood Transfusion in the Criti-
cally Ill study was conducted to describe
blood transfusion practices on 3,534 pa-
tients in 146 Western Europe ICUs. The
study revealed that 37% of patients re-
ceived a transfusion during their ICU
stay. The transfusion rate was 42%

among patients in the initial 28 days and
73% in patients who stayed �1 week in
the ICU. Moreover, there were significant
associations between blood transfusions,
morbidity, and mortality.

In addition to cross-sectional and lon-
gitudinal observational studies on infec-
tion in critically ill patients, European
surveys have described the application of
key ethical principles in diverse cultures
regarding care at the end of life (11, 12).

The theme of applied physiology is
central to the longstanding European
mechanical ventilation consortia. Under-
standing the administration and with-
drawal of ventilation requires integrating
knowledge about respiratory physiology,
biomechanics, and the patient-technol-
ogy interface. Observational studies by
these consortia have identified variation
in the modes of ventilation and weaning
in Europe (13, 14) and a wide ranging
incidence of the acute respiratory distress
syndrome (ARDS) (15, 16). Randomized
trials have limited tidal volume to pre-
vent ventilator induced lung injury (17),
tested noninvasive ventilation for pa-
tients with chronic obstructive pulmo-
nary disease exacerbation (18), assessed
the efficacy of continuous positive airway
pressure to prevent endotracheal intuba-
tion in patients with acute lung injury
(19), and evaluated different approaches
to weaning from mechanical ventilation
(20, 21). Advances in our understanding
of weaning have been made by different
research groups arriving at different con-
clusions about the effectiveness of vari-
ous weaning techniques (22, 23). An im-
portant insight derived from these
disparate results is that the modes of
weaning may not influence outcome as
much as the way that the modes are ac-
tually used.

The ANZICSCTG was formed in 1994.
Strategic research initiatives of the
ANZICSCTG focus on three priority ar-
eas: acute lung injury (ALI), infection,
and acute brain injury. The general ap-
proach is to begin with demographic sur-
veys in Australia and New Zealand to fur-
nish relevant data for future RCTs. The
first prospective utilization review of an-
timicrobials in the ICU demonstrated
that 80% of surgical patients received an-
tibiotic prophylaxis and that 38% of all
patients receiving antibiotics had system-
atic inflammatory response syndrome or
suspected infection; moreover, mortality
was lower than that predicted by simpli-
fied acute physiology II scores (24). Two
additional observational studies, which

measured the incidence of ALI and ARDS
and the incidence of sepsis and the sys-
tematic inflammatory response syn-
drome, are completed but not yet submit-
ted for publication. In the first double-
blind RCT of the ANZICSCTG, 328
patients with early renal dysfunction and
systematic inflammatory response syn-
drome were randomized to receive dopa-
mine 2 �g/kg/min or placebo; renal and
mortality outcomes were the same in
both groups (25). A second double-blind
RCT compares albumin vs. normal saline
for resuscitation of ICU patients. Follow-
ing the Cochrane Injuries Group meta-
analysis, which reported a 6% (95%CI,
3%–9%) absolute increase in mortality
associated with albumin (26), this study
will enroll 7,000 patients in 19 ICUs in
Australia and New Zealand and is de-
signed to detect a 3% mortality differ-
ence. A third ongoing Australian RCT
tests hypertonic saline in addition to
standard therapy for prehospital resusci-
tation of head-injured patients with trau-
matic coma and hypotension. This 3-yr
study of ANZICSCTG investigators in-
cludes all hospitals in the city of Mel-
bourne. Neurologic outcome 6 months
after injury is the primary outcome (27).

ARDSnet was developed in 1994. The
goal of ARDSnet is to conduct clinical
trials of promising treatments for ARDS
and related conditions. The first double-
blind RCT evaluated the thromboxane
synthetase inhibitor and 5-lipoxygenase
inhibitor ketoconazole for treatment of
patients with ALI and ARDS. There were
no significant effects of ketoconazole on
mortality, ventilator-free days, organ fail-
ure-free days, pulmonary physiology, or
adverse events (28). The second RCT
compared traditional tidal volume (12
mL/kg predicted body weight) vs. lower
tidal volume (6 mL/kg predicted body
weight) ventilation in 861 patients with
ALI and ARDS (29). This RCT was stopped
early because of a significant reduction in
mortality using low tidal volume ventila-
tion (40% vs. 31%, p � .007) and more
ventilator-free days in the first 28 days (p
� .007). A third RCT assessed effects of
lisofylline vs. placebo in patients with ALI
and ARDS. There were no significant ef-
fects of lisofylline on mortality or venti-
lator-free days (30).

The CCCTG was created in 1989 to
improve the care of critically ill patients
through investigator-initiated research.
An additional reason for the formulation
of this group was to provide a national
forum for continuing education about re-
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search methods (31). The portfolio of
published CCCTG research programs in-
clude end-of-life care (32–34), blood
transfusions (35–38), enteral nutrition
(39), and a 10-yr program on stress ulcer
bleeding and ventilator-associated pneu-
monia. The latter program illustrates the
importance of observational research to
prepare adequately for a subsequent RCT
(40). Background observational studies
created reproducible bleeding definitions
(41), estimated bleeding incidence rates
(42), measured the clinical and economic
importance of target outcomes (43), en-
sured randomization of patients at high
risk of bleeding rather than those un-
likely to benefit from prophylaxis, and
allowed for sample size estimates reflect-
ing realistic expected differences between
ranitidine and sucralfate (44). This re-
search program also demonstrated how
preplanned observational analyses on
RCT databases can help to interpret RCTs
(45), by validating the length of ICU stay
and mortality attributable to bleeding
(46), re-examining bleeding risk factors
(47), estimating the length of ICU stay
and mortality attributable to VAP (48),
determining risk factors for VAP (49), and
evaluating the influence of VAP diagnos-
tic approaches on patient management
(50).

How Were These Research Groups
Constituted? Well-established European
cooperation on the organization, deliv-
ery, and education of intensive care led
naturally to collaborative research
projects. Investigators of the interna-
tional epidemiologic studies and surveys
and the European mechanical ventilation
consortia are considered together in this
section. These researchers have the op-
portunity to meet frequently at the Brus-
sels International Symposium on Inten-
sive Care and Emergency Medicine, the
European Society of Intensive Care Med-
icine Meeting, and other national confer-
ences. Diverse models of collaboration
have emerged.

A unique and successful model for
cross-sectional prevalence studies has
been an open invitation for any ICU in
Europe to participate, such as that used
for the European Prevalence Study of In-
fections in the Intensive Care Unit. Some
European research groups are comprised
of colleagues with longstanding shared
interests and expertise and have gener-
ated projects such as the Sequential Or-
gan Failure Assessment study, which was
designed to describe the epidemiology of
organ failure in critically ill patients. Re-

cently, Internet sites such as intensive.org
helped to identify participants for the Ane-
mia and Blood Transfusion in the Critically
Ill study on red cell transfusions.

Although initially multicenter Euro-
pean research was conducted indepen-
dent of specific societies, established net-
works were eventually used to obtain the
support of national and European profes-
sional entities. For example, the Sequen-
tial Organ Failure Assessment study was
endorsed by the European Society of In-
tensive Care Medicine. Early projects of the
mechanical ventilation consortia were not
commissioned by federal, regional, or pro-
fessional agencies. Recently, however, the
French Society (Societe de Reanimation de
Langue Francaise) and the European
Society (European Society of Intensive
Care Medicine) supported collaborative
surveys throughout Europe (13–15).

The ANZICSCTG was formed by the
Australian & New Zealand Intensive Care
Society (ANZICS) after many years of col-
laboration on administrative and educa-
tional aspects of intensive care. Members
of the ANZICSCTG are multidisciplinary
intensivists from Australia and New Zea-
land who also have a shared binational
database. Executive members include
both state and federal ANZICS represen-
tatives. The ANZICSCTG meets twice per
year to develop and refine protocols.
There is no federal or regional infrastruc-
ture funding for ANZICSCTG, but some
support is afforded by the ANZICS Inten-
sive Care Foundation (vide infra).

ARDSnet was created by the United
States National Institutes of Health Na-
tional Heart, Lung, and Blood Institute
(NIH NHLBI). In 1993, NIH issued re-
quests for proposals from potential clini-
cal centers for ARDSnet. Applicants re-
quired a track record of enrolling 40
patients/yr in ICU studies, availability of
200 patients/yr with ARDS, the potential
to enroll 40 patients/yr in ARDSnet trials,
and a record of the investigator’s scien-
tific accomplishments. Ten ARDS Net-
work centers were selected from 41 ap-
plications. A coordinating center was also
selected in 1994. An additional ten clini-
cal centers were added in 2000. The NIH
created a formal organizational structure
in which a steering committee comprised
of voting representatives from each of the
ten clinical centers, the coordinating
center, and the NIH NHLBI Lung Divi-
sion Staff is the central decision making
body. Standing committees of the steer-
ing committee include the executive,
protocol, natural history, pathogenesis,

ethics, institutional review, and publica-
tions committees. Two independent com-
mittees that report directly to the NIH
are the protocol review committee and a
data safety monitoring board.

For many years, the Canadian Medical
Research Council has made seed grants
available to sponsor exploratory meetings
of new research groups. Thus, MRC Can-
ada supported the inaugural open-
invitation meeting of the CCCTG at
which a simple organizational structure
was adopted, consisting of a chair and
scientific and administrative executive
committee. Candidate protocols were dis-
cussed, and a prognosis study on gastro-
intestinal bleeding was chosen for the
first project. Administration of the
CCCTG has since been supported
through modest membership fees. All Ca-
nadian ICU practitioners representing
numerous clinical disciplines including
medicine, anesthesia, surgery, pediatrics,
and nursing are welcome. The clinical
experience of CCCTG physicians ranges
from ICU fellows to senior intensivists.
Research experience ranges from begin-
ners to established investigators. Several
members also have formal training in ep-
idemiology, biostatistics, economics, and
qualitative research. The function of the
CCCTG executive is to provide scientific
and administrative support to the mem-
bership throughout the year and aid in
grant and manuscript preparation. Cen-
ters participating in CCCTG research dif-
fer for each study based on the center’s
clinical expertise, documentation of the
requisite incidence of the problems of
interest, research expertise, and commit-
ment to protocol adherence and study
completion.

How Are Protocols Developed by
These Research Groups? Considering the
international epidemiologic studies and
surveys as well as the European mechan-
ical ventilation investigations, protocols
are usually developed by investigators
who have collaborated previously. Stud-
ies are designed by these multicenter re-
search groups using several models. For
some studies, shared interests and exper-
tise facilitate protocol development by a
core group of established researchers and
invited junior colleagues. Senior scien-
tists often form advisory committees for
these projects to help with protocol re-
finement. The European community is
large and diverse enough to select several
important research questions and ad-
vance several research programs concur-
rently (e.g., sepsis, end-of-life care,
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modes of ventilation, and weaning meth-
ods).

Protocols of the ANZICSCTG group
are usually first debated using a closed
listserv and then presented formally to
members at the biannual meetings. They
reflect the three established priorities of
the ANZICS Foundation (ALI, infection,
and traumatic brain injury) and a recent
fourth focus on prevention of complica-
tions of critical illness. Each of these ar-
eas are guided by working parties com-
prising established investigators who
design each project. RCT design to date
has not protocolized ancillary clinical
management.

ARDSnet has a more complex protocol
development process. At the first ARDS-
net meeting, a protocol review commit-
tee prioritized the 20 RCTs proposed by
the ten clinical centers in their competi-
tive applications for ARDSnet member-
ship. The steering committee considered
the strength of the preclinical and early
clinical data supporting the new thera-
pies, experience at one or more of the
centers with the new therapies, and po-
tential to inform clinical practice for a
large numbers of patients. Interest was
greatest for lung protective ventilation
strategies for ALI and ARDS; two centers
were already conducting small RCTs of
small tidal volume strategies that pro-
vided invaluable experience for a large,
more definitive study (51). Although
multicenter mechanical ventilation trials
were considered to be extremely chal-
lenging, a successful trial would provide
information for controlling key aspects of
care in all concurrent or subsequent
RCTs of nonventilatory treatments. For
these reasons, ARDSnet proceeded with
the RCT of traditional vs. lower tidal vol-
ume ventilation. An RCT of ketoconazole
vs. placebo was adopted based on results
of two smaller RCTs in which ketocon-
azole appeared to prevent ARDS in pa-
tients at risk of ALI (52, 53); in addition,
one of the ARDSnet centers had contrib-
uted to the preclinical evaluation of ke-
toconazole as a potential anti-inflamma-
tory agent (54).

CCCTG protocols are developed
throughout the year by any CCCTG mem-
ber. Protocols in various stages of devel-
opment for new studies are precirculated
to members and the executive in advance
of the biannual meetings and are pre-
sented in detail to the entire member-
ship. Active discussion at the meeting
ensues to provide constructive criticism
representing diverse, collective CCCTG

membership views on issues of relevance,
methodology, statistics, implementation,
and ethics. Protocols are thus iteratively
and cooperatively developed and refined.
At each meeting, each protocol is voted
on to determine CCCTG affiliation. Pro-
tocols pursued under the auspices of the
CCCTG undergo additional internal re-
view by the CCCTG executive before peer-
review grant submission.

Where Do These Research Groups Ob-
tain Project Funding? The European
Prevalence Study of Infections in the In-
tensive Care Unit was conducted on a
voluntary basis with no financial remu-
neration to the investigators, but data
analysis and presentation was sponsored
by a pharmaceutical company. The Se-
quential Organ Failure Assessment study
was also executed largely on a volunteer
basis, with a limited grant from the Eu-
ropean Society of Intensive Care Medi-
cine. The Anemia and Blood Transfusion
in the Critically Ill study was also spon-
sored by a grant from the pharmaceutical
industry. Although the European com-
munity has peer-review funds to support
international studies, they tend to be al-
located toward health problems such as
cardiovascular disease and cancer; thus,
these resources are not readily available
for international intensive care studies in
Europe. Costs for these types of studies
are often minimized through involve-
ment of research fellows in data collec-
tion.

Initial projects of the mechanical ven-
tilation consortia were not funded by fed-
eral, regional, or professional agencies,
although some studies have received
grants-in-aid from ventilator companies
or the pharmaceutical industry. Modest
resources have been obtained from the
French Society (Societe de Reanimation
de Langue Francaise) and the European
Society of Intensive Care Medicine for
nonexperimental studies. In France, a
government agency called the Clinical
Research Hospital Project was created in
1993 to specifically fund such investiga-
tions; this agency may support future in-
vestigations in this field. However, rela-
tive to costs for similar multicenter
studies elsewhere, mechanical ventilation
studies have received only modest exter-
nal resources. The drive to complete
studies is fueled by academic motivation
across centers and commitment to col-
laborative research.

The first ANZICSCTG studies were con-
ducted with minimal funding and de-
pended on a small number of research

nurses established to run earlier industry-
sponsored trials. The ANZICS Foundation
previously provided grants for young inves-
tigators for many years using funds gener-
ated from the Annual Scientific Meeting.
However, in 1998, ANZICS upgraded the
Foundation to be an ongoing major source
of funds for intensive care research and the
clinical trials group. The first phase of a
novel, highly successful fundraising cam-
paign involved obtaining donations from
trade companies and establishing a
Foundation Manager. Subsequently,
banks, the Australian Business Council,
department stores, a television com-
pany, and print media were recruited.
Recently, a patron of ANZICSCTG was
announced: the Australian of the Year,
Professor Sir Gustaf Nossal. The mar-
keting strategy highlighted that ap-
proximately 100,000 ICU patients are
treated annually in Australia and New
Zealand, and the 85% survival results in
60,000 citizens that are alive each year
because of intensive care. The aim of
research sponsored by ANZICSCTG is
thus to increase overall survival by 2%
to save an additional 2,000 lives annu-
ally. A 10 million dollar target over 3
yrs is the current goal, which is likely
to be achieved. Meanwhile, the large
albumin vs. saline RCT is funded by the
National Health and Medical Research
Council, and the hypertonic saline RCT
is funded by the National Health and
Medical Research Council, the ANZICS
Foundation, and other regional grants.

The major source of funding for
ARDSnet is the U.S. NIH NHLBI. Funds
support substantial efforts by program
coordinators and investigators involved
in protocol preparations and submission
for institutional review board approval,
recruitment, protocol implementation,
pharmacy support, and manuscript prep-
aration. Substantial funds are also pro-
vided to the ARDSnet coordinating center
for biostatisticians, data managers, a pro-
gram manager, and a clinical director.
Funding for the ARDSnet exceeds the
support available to the other critical care
trials groups described herein. This al-
lowed ARDSnet to undertake large stud-
ies in ARDS to detect modest yet realistic
treatment effects. With substantial sup-
port for recruitment and data collection,
each of the ten clinical centers was able
to recruit about 30 patients/yr for the
traditional vs. low tidal volume RCT.
ARDSnet was also able to implement so-
phisticated data management and quality
control systems that could not be accom-
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plished otherwise, which helped to en-
sure the integrity of the data.

CCCTG projects have been funded by
peer-review agencies (national, provin-
cial, and regional), technology and phar-
maceutical industry, hospitals, and over-
heads from ICU clinical billings.
Fundraising efforts directed at private
and public sectors have created the Cana-
dian Intensive Care Foundation, which
sponsors an annual peer-review grant
competition for clinician-investigators in
their first 5 yrs of practice. Many of these
projects are pilot studies for future large-
scale investigations. However, the most
common funding strategy for studies of
the CCCTG is hybrid sources. After seri-
ous cuts by Canadian granting agencies
to clinical investigations (55), renewed
investment in this genre of research has
begun.

What Study Management Methods
Are Used by These Research Groups? Typ-
ically, the large epidemiologic studies
and surveys conducted in Europe are
managed by a small number of experi-
enced professionals at a few centers. In-
stead of clinical research organizations or
agencies, local investigators or research
fellows take responsibility for the integ-
rity of data collection. Analyses are usu-
ally supervised by university, hospital, or
industry-based statisticians. For each of
these groups, electronic and other com-
munication vehicles are used to aid study
management.

The European mechanical ventilation
consortia studies are generally conducted
without official clinical research organi-
zations and without formal centralized
infrastructure services, often with the or-
ganizational help of French and Euro-
pean Intensive Care Societies. In any
case, an efficient and experienced set of
research staff at a few central coordinat-
ing hospitals organized the published
studies; these centers were responsible
for data validity checks, data entry, and
analysis. Investigators generally met dur-
ing the annual meetings of the scientific
societies.

Before 1999, the ANZICSCTG used
conventional study management meth-
odology and coordinated each trial from
one of the study hospitals. The more am-
bitious recent RCT of albumin vs. normal
saline in the ICU has enabled a research
partnership with the Institute for Inter-
national Health in Sydney. The Institute
provides experience with management of
very large RCTs and access to newer com-
puterized data management systems.

The coordinating center of each ARD-
Snet study provides trial design and bio-
statistical advice, case report forms, ran-
domization systems, data analyses,
protocol quality control documents, and
reports for Data Safety and Monitoring
Board analyses. ARDSnet has imple-
mented computerized case report forms
for direct computer data entry. Data are
transmitted electronically each week to
the coordinating center. The quality of
protocol adherence in ongoing studies is
monitored by comparing randomly se-
lected parameters to values required by
protocol. This allows the coordinating
center to provide real-time feedback to
the clinical centers regarding protocol
conduct that requires attention and im-
provement. This approach is one of the
most sophisticated data management
strategies ever utilized in multicenter
clinical research in critical care.

Each subgroup of investigators in the
CCCTG has its own methods center and
study management strategies. This de-
centralized approach maximizes the
study management experience for each
set of investigators, facilitates manage-
ment strategies tailored to each project,
and is crucial for developing autonomous
administrative leadership skills, particu-
larly among junior investigators who fre-
quently lead CCCTG projects. Vehicles for
data collection include computerized and
paper case report forms, datafax, hand-
held devices, and Web-based methods.
The CCCTG has used a multiproject, uni-
center perspective to evaluate accrual
into studies operating in each site. A
Screen Log was tested as a tool for mon-
itoring eligibility and enrollment of pa-
tients in four multicenter randomized
trials on stress ulcer prophylaxis, blood
transfusion, immunotherapy for sepsis,
and mechanical ventilation (56). A taxon-
omy of reasons for nonenrollment into
each RCT was created, enrollment effi-
ciency rates were calculated, the influ-
ence of each RCT on enrollment into the
other RCTs was measured, and study-
specific strategies to maximize accrual in
each RCT were established. Variations on
the theme of this Screen Log have fos-
tered communication and continuous
quality improvement initiatives for the
management of ICU studies concurrently
conducted across Canada.

The final stage of study management
after analysis and interpretation of the
data involves the dissemination of study
results. Conventional dissemination vehi-
cles include peer-review presentations,

abstracts, and peer-review publications.
For abstract and article submissions, vari-
ous authorship formats are used, including
A, B, and C for the XYZ Group, or the XYZ
Group, and other permutations. For groups
such as the CCCTG committed to the ca-
reer development of new investigators, the
listed author format helps to highlight the
key roles that junior researchers play in
multicenter projects. For each of these
groups, authorship contributions must ful-
fill the Uniform Requirements for
Manuscripts Submitted to Biomedical
Journals (57). The ANZICSCTG, ARDSnet,
and the CCCTG each have an authorship
policy document. None of these groups
have moved exclusively to contributor-
ship lists. All groups endorse informed
consent and institutional review board
disclosure (58).

DISCUSSION

The goal of this article was to report
on the development, organization, and
operation of several groups throughout
Europe, Australia, United States, and
Canada who are conducting multicenter
clinical research in critical care. We con-
clude that different models for research
group infrastructure and management
exist, as well as diverse approaches to the
planning, funding, and conduct of indi-
vidual studies. Nevertheless, several com-
mon features characterize these multi-
center research groups; most prominent
among them are a cohesive spirit, a sense
of mission to achieve shared research
goals, and acknowledgment that such an
organization is much more than the sum
of its parts. The success and productivity
of several collaborative groups with lim-
ited resources demonstrate how aca-
demic motivation is not determined by
research funding and how good ideas can
be more important than money.

These groups have emerged during a
period when clinical research in critical
care has become increasingly rigorous
(59), important, costly, and regulated.
The research groups we discussed are or-
ganized to support different trials to vary-
ing degrees in different social and aca-
demic environments. Management
methods are influenced by issues such as
protocol complexity, research skills,
group dynamics, leadership styles, and
funding arrangements. Thus, one multi-
center model may be exportable to some
but not all groups or settings elsewhere.

Medicine is a microcosm of society. It
is interesting to speculate whether the

1640 Crit Care Med 2002 Vol. 30, No. 7



proximity of many European nations fos-
tered or enhanced synergy among neigh-
bors to achieve broader objectives. Per-
haps due to the geographical dispersion,
lower population density, and more mod-
est research resources for investigators in
Australia and Canada, open-membership
groups have emerged in these countries
with coast-to-coast representation. The
formal organization and focused research
program of ARDSnet illustrates what is
possible when federal health policy pro-
motes scientific excellence in critical
care.

Challenges to conducting multicenter
research include methodologic, statisti-
cal, and pragmatic issues. Methodologic
issues addressed by these groups include
defining criteria for the commencement
and cessation of weaning and extubation
and evaluating the influence of adjudica-
tion of major morbid outcomes on RCT
results (60). Statistical issues addressed
by these groups include development and
analysis of novel outcomes (e.g., ventila-
tor-free days) and time-dependent regres-
sion modeling to understand the differing
influence of exposures before and during
the ICU stay on clinical outcomes. Prag-
matic issues include encouraging adher-
ence to complex ventilator protocols and
sustaining the commitment of many in-
dividuals to lengthy projects. Sharing
data amicably and productively may be
facilitated by guidelines for vetting, pri-
oritizing, and interpreting analyses on
shared databases. Future agendas include
understanding the influence of health
services organization and delivery on pa-

tient outcomes (61–63). Throughout this
report, in addition to the challenges fac-
ing these research groups, we have high-
lighted strengths that might be viewed as
different markers of success, including
the clinical importance of the research,
thematic nature of the research, multi-
disciplinary perspective of the research,
number and quality of peer-review publi-
cations, commitment to career develop-
ment in critical care, ability to secure and
efficiently use research resources, and a
combination of the foregoing.

There are several caveats to this re-
port. Obviously, there is a great deal of
clinically relevant, high-quality industry-
initiated research and other investigator-
initiated studies being conducted by in-
dividuals and groups not discussed
herein. However, we elected to focus on
investigator-initiated studies to better
understand the processes that have
emerged among a small, defined set of
critical care research groups. Second,
several active pediatric and neonatal crit-
ical care research groups exist that are
not the focus of this report. Notably, the
CCCTC has a growing number of pediat-
ric investigators who are conducting four
randomized trials in transfusion medi-
cine, hypothermia for head injury, heliox
for viral respiratory failure, and vasopres-
sin for sepsis. Work on pediatric illness
registries and health outcomes is also on-
going. Third, the research agendas for the
groups we describe were determined
largely by investigator interest and exper-
tise; alternative methods for prioritizing
have been reported recently; national in-
tensive care research agenda setting was
described for the United Kingdom (64).
By using survey and nominal group tech-
niques, Goldfrad et al. (65) found that the
interests of senior physicians and nurses
in 325 ICUs concentrated on the organi-
zational aspects of practice (e.g., high-
dependency care, nurse-to-patient ratios,
and protocol evaluation) and manage-
ment of organ system dysfunction (e.g.,
treatment of acute lung injury and acute
renal failure). Fourth, a return-on-
investment analysis of the multicenter
research we described is beyond the scope
of this report (66). It is clear that al-
though high-quality, clinically relevant
multicenter studies can be done by mo-
tivated experienced investigators with
small budgets, some high-quality re-
search can only be conducted with sub-
stantial research funding. Ideally, the hu-
man and financial cost of critical illness,
the funding required to conduct studies

in the ICU, and the potential benefit to
society attained through these pursuits
would be considered by policymakers
who are allocating funds to biomedical
research.
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