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ALTHOUGH

RANDOMIZED CONTROLLED trials have
long been the gold standard of clinical research, the needs
of quality improvement (QI) research are somewhat different.
Here, the randomization of individual patients can create
a range of problems—practical, political, statistical—and so
increasingly we see the cluster randomized trial (CRT) design
utilized instead.1 In a CRT, groups or clusters are randomized
instead of individual patients; the unit of randomization
might be provider panels,2–4 clinics,5–12 inpatient units,13
emergency departments,14 hospitals,15,16 or even blocks of
time.17 Outcomes are often measured at both the patient
and group level, and analyses take the clustering into account.
Although CRTs can be the most effective way to evaluate QI
interventions in some cases, they present special challenges in
design and analysis that require careful planning.18

intervention group or the control group. As a result,
providers do not need to remember which of their patients
is or is not in the intervention group and can use the same
processes of care across encounters.
Cross-contamination can be an issue within provider
panels, or across providers within the same setting of
care. The degree to which cross-contamination is likely
to be an issue can depend on the intervention itself as
well as on cultural aspects of the practice setting.
Another significant advantage is the ability to measure
group-level outcomes, such as costs or provider satisfaction. Although it is possible to assess group-level
outcomes in studies that randomize individual patients, there can be considerable misclassification in
the results.

CONSIDERATIONS FOR UTILIZING CRTS
QI interventions often have targets above the patient
level. If an intervention is delivered at higher levels such
as provider education or modified order sets, it may not
be feasible to implement the intervention as randomized
at the patient level. In addition to implementation difficulties, cross-contamination can often lead to issues with
fidelity in the control group.

EXAMPLE
A children’s hospital has developed a standardized
work process for ensuring that patient families have all
the information and resources they need before discharge.
Patients were randomized to receive either the new (intervention) or old (control) discharge process, and patientlevel outcomes (having all prescribed discharge medications, understanding discharge instructions, and parent
satisfaction) were indeed better in the group receiving
the new standardized process. However, there were
concerns among the floor staff that the additional staff
time required at discharge might not be sustainable.
Because staff time was split across intervention and
control patients and some tasks were batched across
multiple patients, it was difficult to tease out the additional time demands of the new process.

EXAMPLE
After developing a decision support tool to increase
assessment of asthma severity at each visit, a clinic decides
to conduct a randomized trial of the tool. Because patients
have been randomized, each participating provider has
both intervention and control patients. After using the decision support tool with the intervention patients for 2 weeks,
the experience begins to affect how the provider handles
asthma visits for control patients as well, even without
the decision support tool present.

CRT ADVANTAGE
Instead of randomizing patients, the study could
randomize medical and surgical units of the hospital, making
it easier to track and compare staff time spent on all dischargerelated tasks.

CRT ADVANTAGE
Instead, the study could randomize provider panels. For
any given provider, all of their patients will either be in the
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CRTs also have the advantage of more closely approximating real-world implementation of an intervention,
which means that the results may be more generalizable
and useful in planning widespread rollout.
EXAMPLE
A large urban general pediatrics clinic decides to test
using phone calls from a nurse educator to families of children not receiving indicated well-child care visits; the
phone calls will be used to address parent outcome expectations about the visits and problem solve around barriers
to well-child visits. Because they are not sure whether
the change will work well for the clinic as a whole, they
decide to randomly assign 10% of eligible families to
receive the intervention. Although families respond positively to the intervention, the nurse manager raises the
concern that although the nurse educators were able to
incorporate calling 10% of eligible families into their
workload, it was not clear how feasible that would be
when the change was scaled up.
CRT ADVANTAGE
Instead of randomizing patients, the study could
randomize provider–nurse clusters. Because each nurse
would be either delivering the intervention or not to their
entire usual patient panel, feasibility issues would be
more transparent. The clinic could even choose to survey
nurses in both intervention and control groups to assess
perceived time pressure, unachieved tasks, and job satisfaction.
Last but not least, CRTs can simply be more feasible to
conduct, both practically and politically. In addition to the
complications in trying to roll out a QI intervention to only
a randomized subset of patients within a panel or clinic,
political concerns can arise when patients or providers
perceive inequities in care.
EXAMPLE
The school-based health clinics in a large school district
have developed a case management program for adolescents with depression. The case manager provides brief,
problem-focused counseling and talks to the patient
weekly via phone to discuss medication compliance, side
effects, and changes in symptoms; updates are sent to the
prescribing provider, who is also contacted if a change in
medication or dose appears indicated. Newly diagnosed
teens have been randomized to receive the case management program or usual care. However, providers are concerned about the lack of equity in care, and there have
been complaints from the adolescents assigned to the
usual-care arm who have talked to peers receiving case
management.
CRT ADVANTAGE
Instead of randomizing patients, the study could
randomize school-based health clinics if there are a sufficient number. Because treatment would be the same for
all newly diagnosed students seeking services within
each clinic, conversations and comparisons between inter-
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vention and control adolescents are less likely; even if
disparities between schools are noticed, institution-level
program differences can be perceived more favorably by
patients, families, and providers than inequalities in care
within a clinic.
So although patient-level randomization clearly makes
sense for studies such as pharmaceutical trials, cluster
randomization may be a better model in many cases for
evaluating the effectiveness of QI interventions.
The primary disadvantage of a CRT design is the
decreased statistical power. A CRT will almost always
require more subjects than a trial randomized at the patient
level in order to have comparable power to detect the same
difference in effect. In the case of QI research, however,
this disadvantage is generally more than made up for by
the many advantages.

SCENARIOS OF CRT UTILITY
Although CRTs can provide a rigorous method to evaluate QI interventions, they are a better choice in some situations than others. A CRT design is most often going to be
a good fit in situations where either the intervention is
delivered at a level above the patient or there are salient
outcomes to be measured at the group level.
EXAMPLE 1
The intervention provides training for providers in motivational interviewing skills, aimed at increasing protocol
adherence in adolescents with diabetes. The study will
enroll adolescents with diabetes enrolled in a staff-model
HMO who see any of the study providers for their diabetes
care and will measure self-reported compliance, A1c
values, and the amount of provider time spent. In this
case, intervention delivery would be at the provider level,
and outcomes are at both the patient and provider levels.
Simply randomizing patients would mean that participating providers have both intervention and control
patients, and cross-contamination would occur. Depending
on continuity of care and the degree to which providers
collaborate, randomization may need to be at the clinic
level rather than at the provider level. However, randomizing at the provider level would preserve more statistical
power.
EXAMPLE 2
The intervention coaches pediatric primary care
providers on communicating with families who are
refusing immunizations for their children and gives
providers family education resources to use. The study
will enroll families who report on screening before wellchild visits that they are planning or considering declination of the standard immunization schedule and who
receive care at a pediatric provider within the research
network. Outcomes measured will include the proportion
of eligible vaccines received by the child and provider
satisfaction. In this case, the intervention is delivered at
the provider level, and outcomes are measured at both
the provider and patient levels. Randomization will occur
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at the clinic level, given the significant potential for crosscontamination across providers within a given clinic and
the concern that families may seek out and switch to
a control group provider within the clinic if they plan to
decline immunizations.
EXAMPLE 3
The intervention aims to improve the sleep environment for both children and parents in the inpatient
setting because adequate sleep is critical for healing,
pain management, and ability to engage in treatment
and discussions with providers. The study will enroll
families with a child admitted to any of the hospital’s
medical or surgical units and will use actigraphy and
sleep diaries to track child and parent sleep in addition
to clinical outcomes. Although intervention delivery
will be at the level of the family, many of the components of the intervention will be more feasible to
implement consistently if they are used across an entire
unit because the intervention involves changing the
settings on clinical monitoring equipment and changes
in nursing protocols. Randomizing at the unit level
would be the most feasible strategy with the least
cross-contamination.
On the other hand, there are some red flags to watch out
for that can suggest that a CRT design may not be the right
fit for a situation. If there are fewer than 6 to 8 groups or
clusters (whether these are provider panels, clinics, or
hospitals) that can be randomized, it is unlikely that the
study can be sufficiently powered as a CRT; depending
on the intervention and outcomes involved, even more
groups may be required. If there is significant diversity
across the groups (eg, if the study will include both medical
and surgical units within a hospital), the total number of
groups required will be even greater so as to ensure
a balance across study arms. If there is frequent crossover
in patients, providers, residents, or nursing staff between
groups, cross-contamination would also be a concern. In
such a situation, the likelihood is high that at least some
patients in control groups would also receive clinical
care that was influenced by the intervention. As a result,
the difference in outcomes between intervention and
control group would be diluted, and the study may not
find an effect even if the underlying intervention was
successful.
EXAMPLE 4
The intervention involves a follow-up phone call from
a nurse several days after discharge from an asthma emergency department (ED) or urgent-care visit to encourage
outpatient follow-up and medication adherence. The study
will enroll children discharged from 5 different area emergency departments and urgent-care centers. The primary
outcome will be returns to ED or urgent care within
3 months. There are several reasons why a CRT design
would not be a good fit for this study. Cluster randomization would significantly dilute power without any real
gains, especially because both intervention delivery and
outcome are at the patient level, and there are relatively

CLUSTER RANDOMIZED TRIALS

S33

few concerns about cross-contamination across patients.
The total number of groups available to randomize would
not be sufficient, especially given that the effects of the
intervention may be different for those being discharged
from an ED versus an urgent-care clinic. A better design
would be patient-level randomization, stratified by site.
EXAMPLE 5
The intervention involves the implementation of a bronchiolitis care pathway among children under 2 years hospitalized with bronchiolitis in any of the 4 medical units at
a single academic hospital. Outcomes measured would
include provider compliance with pathway protocol,
patient length of stay, 30-day ED or inpatient returns, and
parent satisfaction with care. There are several reasons
why a CRT design would not be a good fit for this study.
There would not be sufficient power to randomize at the
unit level, and although cluster randomization by attending
provider is technically an option, successful attempts to
implement a care pathway in the intervention group would
almost certainly have significant cross-contamination to
attending providers in the control group, especially
because this is an academic setting. A stepped wedge
design might be the most straightforward way to answer
the question about the care pathway.

DESIGNING A CRT
Assuming that the QI intervention has already been developed, there are a number of steps to be followed in designing
the CRT. The CONSORT-CRT criteria can be useful here;
not only do the standards lay out the information about
a CRT that should be reported at publication, but they can
also be used as a guide during study design to ensure that critical issues are addressed intentionally and in advance.19
Some of the most critical decisions revolve around
sample selection and randomization. Once the target population for the intervention has been identified, the unit
of randomization can be ascertained. This decision often
hinges on several factors, including implementation feasibility and the need to minimize cross-contamination.
Although some CRTs will randomize provider panels,
others may have 3 or more levels, such as patients nested
within providers nested within clinics.6,20 In some cases,
the pool of potential clusters may already be defined:
medical units within a hospital or primary care clinics
within a staff-model HMO. In other cases, however, clusters need to be actively recruited for participation.
Networking within organizations such as Children’s
Hospital Association and the Pediatric Research in Office
Settings national practice-based research network has
helped some QI researchers identify potential clusters.
Once some interested providers or care settings have
been identified, they may provide connections to additional
potential clusters, in a snowball effect.
Also important to take into account at this stage are
cluster-level covariates that may be significant confounders
or effect modifiers. For example, a QI intervention aimed
at decreasing unnecessary ED utilization might have
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6 participating EDs with relatively low-income patient
populations and 4 participating EDs with significantly
higher median incomes. Although randomization of larger
sample sizes generally does a good job of balancing covariates across study arms, CRTs are often randomizing
a small enough number of clusters that steps may need to
be taken to balance allocation.21,22
One option for balancing allocation of groups across
study arms is matching, where each group is part of
a pair that is matched on the covariates of concern. During
randomization, the first group of the pair is randomly allocated and the remaining group of the pair is automatically
assigned to the opposite arm. For example, a CRT that had
recruited 8 primary care providers might have a pair of
family practice doctors, a pair of nurse practitioners, and
2 pairs of pediatricians. In this case, matching would
ensure that each arm had an equal balance of provider
types. In some situations, studies will recruit clusters and
then decide which pairs to match with each other; in others,
they will conduct a targeted recruitment for a cluster that
will be a good pair match for a currently enrolled cluster.
However, there are some downsides of using matched
pairs. Because the analytic approach to a matched pair
study directly compares each group to their matched pair,
having 1 group drop out of the study results in their
matched pair dropping out of the analysis as well. Matching can also make rolling allocation difficult or impossible,
which means that all clusters may need to be recruited and
enrolled before matching and random assignment can
occur. When the covariate of concern is a continuous variable, the matching may be relatively rough—for example,
a pair matched on percentage of Medicaid may have 70%
vs 40% if the other participating groups all have lower
values.
If a matched approach is used unnecessarily, the effective analytic power of the study can be reduced. An option
for balancing allocation that falls between matched and
unrestricted approaches is a stratified randomization.23
Like matching, stratification groups clusters by covariate
values; instead of using pairs, however, clusters are part
of a larger group. For example, a study of a QI intervention
targeting a resident continuity clinic might stratify residents by year, then use block randomization within those
strata. This would ensure that each study arm had a balance
of patient panels from R1, R2, and R3 residents. With stratified randomization, having 1 cluster drop out of the study
does not result in the loss of the whole strata from the analysis as long as at least 1 cluster from each study arm
remains in the strata.

OUTCOME MEASURES
The selection of appropriate outcomes for measurement
and analysis is critical in all studies, and CRTs are no
exception. As with other types of clinical trials, collecting
baseline measures of outcome variables can help increase
the precision of effect estimates and preserve valuable
statistical power. Because it is not uncommon for QI efforts
(as with other interventions) to result in a transient benefit
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before the outcome regresses to the mean, collecting longterm follow-up data can be incredibly valuable. However,
there are unique factors to consider as well. A CRT may
collect and analyze outcomes at multiple levels, such as
patient-level functional status, provider-level time spent,
or clinic-level costs.24,25 Additionally, it may not be
necessary to collect outcome data on all patients within
a cluster. Depending on the outcome measure and the
population, the marginal value for statistical power of
each additional patient within a cluster can sometimes
mean that collecting data on a randomly selected sample
from each cluster is the most efficient method.

STATISTICAL ISSUES WITH CRTS: SAMPLE
SIZE AND ANALYSIS
Determining how many clusters are needed, how many
subjects are needed per cluster, and what effect size will
be detectable for the outcomes are questions that all
come down to power (sample size) calculations. Unlike
the power calculations for a simple randomized clinical
trial, the power calculations for CRTs tend to start with
complex and move up from there. As a result, the involvement of an experienced biostatistician at this stage can be
crucial to ensuring that a study will be capable of truly evaluating the QI intervention. A project team that waits to
contact a biostatistician until after their CRT has finished
collecting data may unfortunately learn that they have
too few clusters to allow for any useful analysis of the
results.
In a standard clinical trial, patients are randomized, and
the number of patients enrolled is the critical factor in
determining the statistical power to detect an effect. A
CRT, on the other hand, will need a larger sample size
than would a clinical trial randomizing patients to examine
the same intervention, population, and outcomes—and the
number of clusters can often be more influential in power
calculations than the number of subjects per cluster. The
more similarity between subjects within a cluster
compared to subjects in other clusters for the outcome,
the greater the intraclass correlation coefficient (ICC)
and the larger the sample size needed. Failing to adequately
take this into account can result in a study that has grossly
underestimated the needed sample size.26 Researchers who
plan ahead, however, can often make study design choices
that can make the post of power in the CRT. For example, it
is possible that a study could require 100 subjects per
cluster if there are 10 clusters, but only 50 subjects per
cluster if an additional 4 clusters are recruited for 14 total
clusters—a difference of 1000 total subjects versus 700.
Having a similar number of subjects within each cluster
can also help maximize power; on the other hand, a study
with cluster sizes that range from 20 to 100 will have less
statistical power than a study with the same number of total
subjects but with a consistent cluster size of 60.27 Another
strategy sometimes used is to select clusters that have
similar clinical and demographic characteristics because
it can result in a decreased ICC, as patients may be just
as similar across clusters as they are within clusters.
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Additionally, some outcomes will have a greater ICC than
others, even within the same populations; as a result,
outcomes that are less dependent on cluster characteristics
may have greater statistical power.28,29
The first step a biostatistician will need to take in power
calculations for a CRT is to estimate the ICC for the chosen
outcome measures.30 An ICC of 0 would mean that there
are no differences in how the outcome is distributed within
versus between clusters, and the power calculations would
be exactly as they would be for a patient-randomized trial.
As the ICC rises, the number of clusters becomes increasingly more important than the number of subjects per
cluster. Ideally, data are available to directly measure the
ICC in a similar population using ANOVA; previous
research, administrative data, and national survey data
sets are often useful for this.31 In reality, it is often necessary to use simulation models to estimate a range of
possible ICCs or to simply perform sample size calculations with a range of realistic ICCs.32 Once calculated or
estimated, the ICC can be used to compute the sample
size needed for a study—or to compute the effect size
that can be detected from a fixed sample size. Although
the simplest method for doing this involves using the
ICC to calculate the variance inflation factor and adjusting
potential sample sizes accordingly, more complex study
designs can require more sophisticated methods, especially
for 3-level CRTs (such as patients nested within providers
nested within clinics).33,34
At the analysis stage, again, the assistance of an experienced biostatistician is indicated. Just as with the power
calculations, the analysis also needs to take cluster levels
into account.35 An analysis that fails to do this correctly
may overestimate the significance of the intervention effect
quite considerably.26 There are a wide range of analytic
options available to achieve this, depending on factors
such as the outcome type, number of measurement time
points (both before and after the intervention), levels of
clusters, whether matching or stratified randomization
was used, and the need to control for potential confounders
not equally distributed across study arms.

LOGISTICAL AND ETHICAL ISSUES IN CRTS
Given that statistical power in CRTs can be so dependent
on the number of clusters, it may not be surprising that one
of the greatest challenges in a CRT can be the loss of
a cluster before outcome data are collected. The loss of
a cluster generally has a more detrimental impact on statistical power than would the loss of the same number of
subjects spread out across clusters, and it can sometimes
be enough to change an otherwise meaningful study into
one that simply does not have adequate power to answer
the study questions. As a result, it is important to plan for
cluster loss in the initial study design. If a matched pair
design is being used to randomize clusters, it is important
to realize that the loss of 1 cluster also drops the entire
matched pair from the analysis. In some situations,
outcome data on the patients in a cluster may still be
available even if a cluster may choose to drop out of the im-
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plementation of a QI intervention, in which case an intentto-treat analysis can be performed.36
Even if all clusters remain in the study until the end, there
may be considerable variability across or within clusters in
how the QI intervention is delivered and adhered to.37,38
After all, the providers involved may not be the ones who
volunteered the cluster—and yet they are most often in QI
CRTs as either the targets of the intervention and/or the
ones tasked with delivering the intervention to the patients.
If engagement of all providers in a cluster is necessary, it
can be well worth the effort to recruit and obtain consent
for each as if they were signing up for a study individually.
There may also be provider characteristics, differences in
patient populations, or social and physical environmental
factors of the practice setting that can influence the fidelity
of the QI intervention implementation. Where possible,
these factors ought to be measured so they may be taken
into account in analyzing and interpreting the results.39,40
Last, there are several ethical issues to consider in conducting a CRT.41–44 Although a clinic manager may be eager in
some cases to sign up the entire clinic for participating in
the CRT, there can be other considerations.45–47 If
providers are the target of the QI intervention and outcome
measurement, obtaining informed consent from each
participating provider may be necessary for ethical and
institutional purposes, above and beyond the positive effect
that doing so may have on engagement.48 If patient-level
information will be obtained, both Health Insurance Portability and Accountability Act and human subjects regulations
can come into play, and require consent of patients or
parents.49 Because many CRTs require access to patientlevel information for recruitment purposes before consent,
it is important to work carefully with the institutional review
board in advance.50,51 If the intervention is being delivered at
the provider or clinic level, informed consent at the patient
level may be solely for data collection, rather than consenting to randomization and the intervention itself.52
Although control groups and blinding can create ethical
challenges in any clinical trial, this can be especially so in
CRTs of QI efforts, where the study is often changing the
basic process of receiving health care. Especially if the
QI effort is in response to a problem with patient safety
or inadequate care, there may be resistance from providers
and administrators to having a control group at all, despite
the clinical equipoise regarding the effectiveness of the
proposed QI intervention to address the issue. One solution
to this is the use of a stepped wedge CRT design, in which
all clusters receive the QI intervention and only the timing
of the implantation is randomized.53 If clusters are randomized before recruitment of providers or patients, this may
result in biased sampling, as clusters randomized to the
control group may find it more difficult to recruit than clusters randomized to the intervention.26,54,55

CONCLUSION
CRTs can be an efficient and powerful way to demonstrate the effectiveness of QI interventions in pediatric
settings. However, the design and execution of a CRT
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can involve considerable challenges; interdisciplinary
teamwork is critical to the successful planning, implementation, and analysis of a CRT.
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