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COMPARATIVE EFFECTIVENESS

Cluster Randomized Trials in Comparative
Effectiveness Research

Randomizing Hospitals to Test Methods for Prevention of
Healthcare-Associated Infections

Richard Platt, MD, MS,* Samuel U. Takvorian, AB,* Edward Septimus, MD, 1
Jason Hickok, MBA, RN, Julia Moody, MS, 7 Jonathan Perlin, MD, PhD, 1
John A. Jernigan, MD, MS,} Ken Kleinman, ScD,* and Susan S. Huang, MD, MPHS

Background: The need for evidence about the effectiveness of
therapeutics and other medical practices has triggered new interest
in methods for comparative effectiveness research.

Objective: Describe an approach to comparative effectiveness re-
search involving cluster randomized trials in networks of hospitals,
health plans, or medical practices with centralized administrative
and informatics capabilities.

Research Design: We discuss the example of an ongoing cluster
randomized trial to prevent methicillin-resistant Staphylococcus
aureus (MRSA) infection in intensive care units (ICUs). The trial
randomizes 45 hospitals to: (a) screening cultures of ICU admis-
sions, followed by Contact Precautions if MRSA-positive, (b)
screening cultures of ICU admissions followed by decolonization if
MRSA-positive, or (c) universal decolonization of ICU admissions
without screening.

Subjects: All admissions to adult ICUs.

Measures: The primary outcome is MRSA-positive clinical cultures
occurring =2 days following ICU admission. Secondary outcomes
include blood and urine infection caused by MRSA (and, separately,
all pathogens), as well as the development of resistance to decolo-
nizing agents.

From the *Department of Population Medicine, Harvard Medical School and
Harvard Pilgrim Health Care Institute, Boston, MA; THospital Corpora-
tion of America, Nashville, TN; fDivision of Healthcare Quality Promo-
tion, Centers for Disease Control and Prevention, Atlanta, GA; and
§Division of Infectious Diseases and Health Policy Research Institute,
University of California Irvine School of Medicine, Irvine, CA.

Supported by the Agency for Healthcare Research and Quality (59 HMN
HHSA290-2005-0033=TO11), with supplemental funding from the
Centers for Disease Control and Prevention (CDC Prevention Epicenters
Program, U01CI000344).

R.P. has received research grants from Sanofi-Pasteur, GlaxoSmithKline,
Pfizer, and TAP Pharmaceuticals in the past 2 years.

The findings and conclusions in this report are those of the authors, and do
not necessarily represent the official position of the Centers for Disease
Control and Prevention.

Reprints: Richard Platt, MD, MS, Department of Population Medicine, 133 Brook-
line Avenue, 6th Floor, Boston, MA 02215. E-mail: richard_platt@harvard.edu.

Copyright © 2010 by Lippincott Williams & Wilkins

ISSN: 0025-7079/10/4800-0052

S52 | www.lww-medicalcare.com

Results: Recruitment of hospitals is complete. Data collection will
end in Summer 2011.

Conclusions: This trial takes advantage of existing personnel, pro-
cedures, infrastructure, and information systems in a large integrated
hospital network to conduct a low-cost evaluation of prevention
strategies under usual practice conditions. This approach is applica-
ble to many comparative effectiveness topics in both inpatient and
ambulatory settings.

Key Words: cluster randomization, comparative effectiveness,
MRSA prevention

(Med Care 2010;48: S52-S57)

n 2007, the Institute of Medicine’s (IOM) Roundtable on

Evidence Based Medicine described a “learning healthcare
system” as one that both generates and uses evidence to guide
clinical decision-making.' For evidence generation, it called
for a diverse array of methodologies to find out what works,
under what circumstances, and for whom. Since then, interest
in methods for conducting comparative effective research has
grown substantially—most recently with the legislative man-
date to create a national Patient Centered Outcomes Research
Institute. Some have argued that as much as 10% of this new
funding should be directed toward methodological guidance
and innovation.> Moreover, with the recent publication of the
list of national priorities for comparative effectiveness re-
search, there is heightened interest in matching priority re-
search topics with appropriate methodologies.?

Although methodological advances have improved the
validity of nonexperimental methods—including systematic
reviews, and quasiexperimental observational studies—ex-
perimental methods, in particular randomized clinical trials
(RCTs), are still considered the most robust method for
generating comparative effectiveness evidence and will un-
doubtedly remain an important component of an advanced
comparative effectiveness research framework.* The IOM
corroborated this view in its national priorities list for com-
parative effectiveness research by recommending the use of
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RCTs for 49 of 100 research topics, by far the most fre-
quently recommended methodology.’

Despite their strengths, conventional RCTs have impor-
tant limitations. Although they are excellent tools for judging
efficacy (performance under ideal conditions), they often fail
to judge effectiveness (performance under conditions of ac-
tual use). This is because most RCTs require more standard-
ization and a higher level of medical care than occurs in
practice. In addition, generalizability may be lost because
participants in RCTs are often not fully representative of the
eventual target group. Furthermore, RCTs are often very
costly and time-consuming to implement. For example, the
ALLHAT study of initial treatment of hypertension, some-
times cited as an example of a pragmatic clinical trial,? cost
over $80 million and took 8 years to complete.’

Cluster randomized trials are RCTs which randomize
groups (clusters) rather than individuals. Cluster randomiza-
tion is the only feasible method for randomization when an
intervention must be applied to an entire group, such as a
community-based health promotion initiative. They are also
the only method for evaluating interventions for which the
status of individuals is linked, for instance when herd immu-
nity for contagious illness is an important consideration.
Cluster randomization may also be desirable in some in-
stances in which it would be possible to randomize individ-
uals.®’ For instance, many organizations use formularies to
guide prescribing choices when there is more than one ther-
apeutically equivalent agent. Specific agents may be included
or excluded for reasons unrelated to therapeutic effect; ex-
amples include cost and streamlined contracting. Randomiza-
tion of formularies to include one or another preferred drug
among those believed to be equivalent can yield balanced
groups of individuals exposed to the different agents, allow-
ing evaluation of comparative effectiveness under conditions
of actual use. Statistical techniques that use information from
all participating individuals while accounting for the ten-
dency of individuals in a cluster to respond similarly (intra-
cluster correlation) minimize the loss of statistical power
associated with randomizing groups rather than individuals.”

Cluster randomized trials have several advantages in
comparative effectiveness studies, including those evaluating
therapeutic interventions and policies.*” First, by applying
interventions at the hospital, practice, or health plan level,
cluster randomized trials can more readily study interventions
under conditions of actual use. For instance, a cluster ran-
domized trial that uses existing clinical and administrative
mechanisms incorporates the impact of group dynamics (ad-
vocacy, peer pressure, reminders) among healthcare provid-
ers. Second, cluster randomized trials are often intended to be
applied to an entire hospital, Intensive Care Unit (ICU) or
clinic population without exclusion, which enhances gener-
alizability. Third, cluster randomized trials are able to harness
the health care delivery system’s existing administrative ca-
pacities, including quality improvement programs and data
collection systems, simplifying the logistics of implementa-
tion and reducing study costs.'® The increasing availability of
electronic health information facilitates the implementation
of cluster randomized trials, as routinely collected electronic
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health information can be used to assess baseline status,
monitor implementation, and measure outcomes.

We illustrate some of the potential of cluster random-
ization in comparative effectiveness research through a cur-
rent trial which compares strategies to prevent methicillin-
resistant  Staphylococcus aureus (MRSA) infections in
hospital ICUs—one of the high priority topics identified by
the IOM Committee on Comparative Effectiveness Research
Prioritization. This example demonstrates several of the de-
sign strengths of cluster randomized trials that make them
likely to generate comparative effectiveness evidence in an
efficient and timely manner, thus enabling swift policy action.

Randomized Evaluation of Decolonization vs
Universal Clearance to Eliminate Methicillin
Resistant S. Aureus (REDUCE-MRSA) Trial

Background

MRSA has become the most common cause of hospi-
tal-acquired infection in many US hospitals. Recent national
surveys estimate that 5% to 7% of inpatients harbor
MRSA,'""™" with higher prevalence in ICUs.'* Because
MRSA infections are associated with increased mortality,
costs, and length of stay,'>'® hospitals have implemented a
variety of quality improvement strategies to reduce hospital-
associated MRSA disease, usually targeting high-risk patients
(eg, ICU or surgical patients). Three dominant prevention
strategies have emerged:

1. Active screening and isolation. This involves obtaining
anterior nares surveillance cultures from all patients at the
time of ICU admission to identify carriers.'*!”!® Contact
Precautions (private room, if available, and gloves and
gowns for patient care) are instituted for patients with
positive surveillance cultures and for those previously
identified as MRS A-positive during prior admissions. Sev-
eral states mandate MRSA screening, although most do
not require subsequent contact isolation.'”*° A resource-
intensive alternative, practiced more widely in Europe,
uses Contact Precautions for all patients deemed at high
risk (eg, recently hospitalized in a high MRSA-prevalence
country) until they are demonstrated to be culture-nega-
tive. 2!

2. Active screening and decolonization of MRSA carriers.
Carriers identified through surveillance cultures are placed
in Contact Precautions and decolonized through repeated
applications of topical antimicrobials, most commonly
chlorhexidine on the skin and intranasal mupirocin. This
strategy has been shown to be highly effective in elimi-
nating MRSA carriage, at least in the short-term.*> ¢ It
has also been associated with lower rates of hospital-
associated MRSA transmission and infection.>2®

3. Universal decolonization without regard to MRSA status.
Universal decolonization is achieved by applying to all
ICU patients the same chlorhexidine and mupirocin agents
that are used for selective decolonization. The rationale for
this strategy includes both operational simplicity and the
potential to affect a broad range of nosocomial pathogens,
not just MRSA. Decolonization is applied to all patients
on the day of admission to the ICU and thus is not
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susceptible to the usual delay in identification of carriers
or false-negative surveillance cultures. It avoids the need
for a routine microbiologic surveillance program and al-
lows ICUs to treat all patients (and pathogens) alike.
Because universal decolonization without initial MRSA
screening of all patients also reduces the use of Contact
Precautions, it may reduce overall costs and lead to fewer
negative consequences associated with isolation precau-
tions such as decreased visitation by hospital staff, in-
creased fall risk, and potential depression among patients
who feel isolated.?® !

Although some evidence supports each of these ap-
proaches to reduce nosocomial MRSA infection, it remains
unclear which is most effective. This is especially important
in light of the increasing number of legislative directives that
require a specific approach,?® even in the absence of consis-
tent and generalizable evidence of benefit. A cluster random-
ized trial is an efficient, relatively low-cost method to com-
pare the effectiveness of these approaches.

METHODS

Study Design

The REDUCE-MRSA trial (available at: www.clinical-
trials.gov ID#NCT00980980) is a cluster randomized trial
evaluating 3 interventions intended to reduce MRSA disease
in hospital ICUs. Hospitals were randomized to 1 of the 3
MRSA infection prevention strategies described above, with
all adult ICUs in participating hospitals assigned to the same
intervention. Cardiac surgery ICUs were excluded if they
were implementing routine preoperative nares screening and
decolonization of S. aureus carriers.

Study Setting

The REDUCE-MRSA trial is being conducted in 45
Hospital Corporation of America (HCA) hospitals with an
average of 1400 annual ICU admissions per hospital. HCA
has a strong central administrative structure, including sys-
tem-wide quality improvement and infection control and
prevention programs, and centralized informatics capabilities.
HCA'’s standard practice since 2007 included active surveil-
lance for MRSA and Contact Precautions for carriers.

Randomization

Of the 45 participating hospitals, 39 were randomized
to the 3 intervention arms and 6 were separately randomized
to only arm 1 (screen and isolate) or arm 2 (screen with
targeted decolonization if MRSA-positive) because they were
located in states with mandatory ICU MRSA screening laws.
We assigned the 39 hospitals into 6 groups of 6 hospitals and
1 group of 3 hospitals by rank order of total annual ICU
admissions. Within these groups, hospitals were ranked by
the MRSA prevalence (from admission screening and clinical
culture data) across all adult ICUs. Within this new rank
order, each group of 3 consecutive hospitals was then ran-
domized with 1 hospital being randomly assigned to each of
the 3 arms. This approach offered a balance between potential
large differences in the number of ICU admissions and
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MRSA prevalence across study arms, relative to randomiza-
tion that controlled solely for one of these factors.

Study Implementation

The interventions use the hospitals’ existing in-service
education, compliance, and adherence monitoring programs.
Each study arm is implemented and monitored by ICU
Directors, Nurse Educators, and Infection Control and Pre-
vention program managers at participating hospitals, rather
than specially trained onsite study teams. Leadership from
system-wide departments of Quality Improvement, Infection
Control and Prevention, and Critical Care enabled standard-
ized communication and rapid dissemination of study mate-
rials to all participants via usual HCA channels. Thus, the
trial provides a realistic evaluation of the performance of
these interventions as they would occur in HCA’s regular
practice.

A Steering Committee composed of members of the
CDC Prevention Epicenters Program and coinvestigators at
HCA provides oversight.

Study Outcomes

The primary outcome is the number of ICU patients
who have MRSA-positive clinical cultures occurring at least
2 days after ICU admission through 2 days after ICU dis-
charge. Secondary outcomes include ICU and post-ICU
bloodstream and urinary tract infections caused by MRSA,
bloodstream and urinary tract infections caused by all patho-
gens, and an increase in the prevalence of resistance to the
decolonizing agents among MRSA clinical isolates.

Data Collection

HCAs informatics systems are the source of informa-
tion on number and duration of ICU and post-ICU stays,
discharge diagnoses, use of decolonizing agents, microbiol-
ogy results, and costs.

Statistical Analysis and Power

For bivariate analyses, we will assess whether the main
and secondary outcomes in any of the 3 study arms are
significantly different by using a generalized linear mixed
model*>** with adjustment only for clustering. This is the
appropriate cluster-randomized equivalent of the ordinary
(unadjusted) x* test used in a conventional RCT. We will then
perform comprehensive multivariate analyses adjusting for
covariates using generalized linear mixed models that ac-
count for clustering of outcomes within participating ICUs, as
well as adjust for case mix, event rates in the year before the
intervention period, and the amount of MRSA imported into
participating ICUs.*? If the true probabilities of MRSA-
positive nosocomial clinical cultures are 0.016 versus 0.005
per patient, and intraclass correlation (ICC) is assumed to be
0.001, then we have >99% power to observe a significant
difference between the selective and nonselective decoloni-
zation arms (PASS software, NCSS, Kayem, UT).** Proba-
bility estimates were guided by published literature from
tertiary care academic centers,'>*>*® but additionally account
for the secular trend toward reduced MRSA infections and
the anticipated lower incidence in community hospitals. The
ICC choice followed evidence that ICC for dichotomous
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outcomes should be based upon prevalence.>’® Even if the
ICC were as large as 0.01, power for the primary outcome
would be 81%.

IRB Approval

The Harvard Medical School Department of Population
Medicine at the Harvard Pilgrim Health Care Institute leads
one of the Centers for Disease Control and Prevention (CDC)
Prevention Epicenters®® and is the lead institution for this
study. Oversight is provided by the HPHC Institutional Re-
view Board (IRB).

The IRBs of 41 hospitals delegated primary review
responsibility to the HPHC IRB, as did both the corporate
HCA IRB and the CDC IRB through IRB Authorization
Agreements to streamline the IRB review process. Human
protection training requirements were established by the lead
IRB for all sites. Agreements were obtained from each
hospital’s Infection Control and Prevention program to in-
form the study team of unusual trends in the rate or type of
ICU infections. In addition, these programs were required to
notify study investigators of any limitations in their program
that might affect their ability to monitor infection trends
during the course of the study.

The IRB process, although centralized, required a sig-
nificant amount of information relating to the local research
context for each relying institution. It also required a Subpart
C review and an Epidemiological waiver from the Office for
Human Research Protections (OHRP) for the possible inclu-
sion of prisoners admitted to ICUs at each site.

The IRB waived documentation of informed consent,
finding that the study involved minimal risk (evaluation of
standard hospital decolonization practices) and met the reg-
ulatory criteria under 45 CFR 46.116 (d), 117 (¢) (2), and 21
CFR 56.109 (c) (1).** Certification of infection control and
surveillance, a limited study timeline and interim IRB report-
ing further mitigates potential risk.

Study Costs

The incremental costs of research (compared with im-
plementation without randomization), formal evaluation of
outcomes, assessment of impact on resistance, and monitor-
ing of costs are <$2 million. These include investigator
effort, informational materials, research supplies, informat-
ics-related costs, and the costs of collecting and testing
clinical MRSA isolates for susceptibility to topical decontam-
ination agents. Active surveillance cultures, Contact Precau-
tions, and decolonizing regimens were considered to be
routine care and were not included in the costs of research,
nor were the salaries of HCA personnel who participated in
study design and oversight.

Current Status

The REDUCE-MRSA study is ongoing. Fifty-five hos-
pitals volunteered to participate. Ten were ineligible because
of extensive routine use of chlorhexidine bathing, leaving 45
participating institutions. All institutions have launched their
assigned intervention. The intervention is expected to end in
Summer 2011.

© 2010 Lippincott Williams & Wilkins

DISCUSSION

This study illustrates the efficiency of cluster random-
ization in a network environment to evaluate comparative
effectiveness. Salient features of the network that minimize
the burden of recruitment, implementation, and evaluation
include advocacy by system leaders, streamlined implemen-
tation of policies in multiple sites, use of existing quality
improvement personnel and methods, use of information
about processes of care and outcomes obtained as part of
routine medical care, and the availability of informatics
capabilities that allow centralized access to these data. The
use of existing infrastructure was maximized by randomizing
entire hospitals, so that all ICUs in each hospital used the
same intervention protocol, supply chain, and compliance and
reporting procedures.

An additional important factor in the development of
the REDUCE-MRSA trial was the extensive, long-term col-
laboration between the CDCs public health experts, academic
investigators, and HCAs clinical leaders. The existing infra-
structure of the CDC-led Prevention Epicenters allowed each
group’s perspectives and expertise to contribute to shared
understandings and capabilities that enabled very rapid de-
sign and implementation.

Although our example describes the use of a network of
hospitals, a similar approach is applicable to the ambulatory
setting, for instance in practices that are part of a single health
plan or a practice-based research network.*'~** In any case, it
will be essential to have access to sufficiently long-term
follow-up data and to ensure that outcome data are available
from all care venues. This information may be available to
delivery systems, health plans, and insurers.

Cluster randomization does not allow every question of
interest to be addressed. It typically results in more misclas-
sification of exposure than RCTs do, either because individ-
ual providers choose to use a nonrecommended regimen for
some patients, or they fail to adhere fully to the assigned
regimen. To the extent that the frequency of failure is con-
sistent with the level that occurs in usual clinical practice,
these failures are part of the overall effectiveness measure.
Thus, cluster randomization in inpatient or ambulatory sys-
tems may offer relatively low-cost and broadly generalizable
means to examine many of the other 99 IOM priority topics
for comparative effectiveness research.

For the US healthcare system to adopt cluster random-
ization as a common method for studying comparative effec-
tiveness, several conditions will need to be satisfied. First, the
concept of group randomization, often without requiring
individual consent, raises important ethical issues about in-
dividual choice and participation in research. There will need
to be agreement that it is ethical to perform cluster random-
ization.** Second, all segments of the healthcare and lay
communities need to understand the importance of acquiring
information during delivery of care.*>** Third, the burden of
creating infrastructure to implement and evaluate such inter-
ventions needs to be reduced through the use of networks and
collaboratives; and existing capabilities need to be used to
streamline IRB reviews by multiple institutions. Most impor-
tantly, the healthcare system needs to recognize both the
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opportunity and need for research represented by the large
amount of medical care that is not evaluated or supported by
existing evidence-based research. Variation in care is a par-
ticularly important marker of this opportunity and need. It
will require relatively little additional resources, compared
with the cost of conventional RCTs or the cost of routine
care, for clinicians, practices, hospitals, and health plans to
form learning collaboratives that introduce systematic varia-
tion into regular practice, allowing rapid, efficient, low-cost
assessments of comparative effectiveness that address the
current gaps in the evidence.
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