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A cluster-randomized trial to improve

stroke care in hospitals

ABSTRACT

Objective: We evaluated the effect of performance feedback on acute ischemic stroke care qual-
ity in Minnesota hospitals.

Methods: A cluster-randomized controlled trial design with hospital as the unit of randomization
was used. Care quality was defined as adherence to 10 performance measures grouped into
acute, in-hospital, and discharge care. Following preintervention data collection, all hospitals re-
ceived a report on baseline care quality. Additionally, in experimental hospitals, clinical opinion
leaders delivered customized feedback to care providers and study personnel worked with hospi-
tal administrators to implement changes targeting identified barriers to stroke care. Multilevel
models examined experimental vs control, preintervention and postintervention performance
changes and secular trends in performance.

Results: Nineteen hospitals were randomized with a total of 1,211 acute ischemic stroke cases
preintervention and 1,094 cases postintervention. Secular trends were significant with improve-
ment in both experimental and control hospitals for acute (odds ratio = 2.7, p = 0.007) and
in-hospital (odds ratio = 1.5, p < 0.0001) care but not discharge care. There was no significant
intervention effect for acute, in-hospital, or discharge care.

Conclusion: There was no definite intervention effect: both experimental and control hospitals
showed significant secular trends with performance improvement. Our results illustrate the po-
tential fallacy of using historical controls for evaluating quality improvement interventions.

Classification of evidence: This study provides Class Il evidence that informing hospital leaders of
compliance with ischemic stroke quality indicators followed by a structured quality improvement in-
tervention did not significantly improve compliance more than informing hospital leaders of compli-
ance with stroke quality indicators without a quality improvement intervention. Neurology® 2010;74:
1634-1642

GLOSSARY

Cl = confidence interval; HERF = Healthcare Evaluation and Research Foundation; ICC = intracluster correlation coefficient;
ITT = intent-to-treat; MCCAP = Minnesota Clinical Comparison and Assessment Program; OR = odds ratio; PRISMM =
Project for the Improvement of Stroke Care Management in Minnesota; PSC = Primary Stroke Center Certification; Ql =
quality improvement; RCT = randomized controlled trial; tPA = tissue plasminogen activator.

The well-documented evidence—practice gap in stroke care reflects a delay in the diffusion of
new therapies into widespread clinical practice. For example, the nationwide rate of tissue
plasminogen activator (tPA) use after acute ischemic stroke in the United States is estimated to
be between 1.8% and 2.1%." Aspects of secondary prevention after stroke such as antithrom-
botic use, smoking cessation counseling, and hypertension control are also suboptimal.?*

A previous collaborative project involving members from our group showed improved physician
adherence to guideline-recommended therapies for acute myocardial infarction through perfor-
mance audit and targeted feedback delivered by local opinion leaders, formal and informal educa-
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[ Figure 1 Project for the Improvement of Stroke Care Management in Minnesota (PRISMM) study design W

Invited: Minnesota Clinical Comparison and
Assessment Program (45 hospitals)

g Excluded:
£ Refused to participate (21 hospitals)
(o)
= A
c
w Written agreements to participate (24 hospitals)
Excluded (5 hospitals)
» | °Lost neurologist (2)
*Decided to triage acute stroke (3)
y
Randomized (19 hospitals)
' \ y
c Allocated to intervention (9 hospitals) Allocated to control (10 hospitals)
-% Pre-intervention data collection: 9 Pre-intervention data collection: 10
g Median number of patients [range]: 60 [18-132] Median number of patients [range]: 75 [5-115]
= Received intervention: 7 Received control treatment: 10
Did not receive intervention: 2
Reason for 2 drop outs: HIPAA
Follow up Follow up
a No additional loss to follow up No loss to follow up
; Post-intervention data collection: 7 Post-intervention data collection: 10
% Median number of patients [range]: 70 [16-84] Median number of patients [range]: 61[12-144]
L
A 4
Primary analysis (ITT) Primary analysis (ITT)
Median number of cases per hospital [range], Median number of cases per hospital [range],
(hospitals): (hospitals):
2 Pre-intervention Pre-intervention
§‘ Acute care: 5[3-12] (6) Acute care: 6 [3-9] (4)
< In-hospital care:205 [56-409] (9) In-hospital care:234 [11-357] (10)

Discharge care: 73 [21-134] (9)
Post intervention

Discharge care: 82 [8-140] (10)
Post intervention

In-hospital care:201 [33-252] (7)
Discharge care: 75 [18-99] (7)

Acute care: 11 [3-15] (6) Acute care: 9 [3-30] (6)

In-hospital care:170 [31-395] (10)
Discharge care: 69 [14-160] (10)

Reason for hospital attrition after randomization: 19 hospitals took part in the preintervention data collection. All hospitals had Institutional Review
Board (IRB) approval at the start of PRISMM. The advent of Health Insurance Portability and Accountability Act in Minnesota in 2002 while the study
was underway led to all hospitals reapplying for IRB approval. Two hospitals, unable to obtain IRB reapproval for the second phase of data collection,

dropped out.

tion to change provider behavior, and system
changes addressing existing barriers.” In the
Project for the Improvement of Stroke Care
Management in Minnesota (PRISMM), we con-
tinued our work by evaluating the effectiveness of
another intervention to improve acute ischemic
stroke care quality in Minnesota hospitals. The
goal of our research was to develop and test replica-
ble interventions grounded in a theoretical frame-

work of adult learning and behavior change to

improve the quality of care for acute conditions.® !

METHODS The design was a cluster randomized controlled trial
with the hospital as the unit of randomization, intervention, and
inference. The design included preintervention data collection, an

intervention, and postintervention data collection (figure 1).

Setting. PRISMM was a joint effort involving the Healthcare
Evaluation and Research Foundation (HERF), a nonprofit orga-
nization in St. Paul, MN, and the University of Minnesota. The
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Minnesota Clinical Comparison and Assessment Program
(MCCAP) was a collaboration between HERF and hospitals
throughout Minnesota, whereby HERF had access to hospital
medical records to collect quality of care data for quality im-
provement (QI).”> MCCAP started in 1989 and all acute care
Minnesota hospitals were invited to join MCCAP. At the time of
the study, there were 45 participating MCCAP hospitals, account-
ing for 60% of all hospital admissions statewide. All MCCAP hos-
pitals were invited to participate in PRISMM. Of these, 24 hospitals

provided written agreements promising participation.

Power and sample sizes. Power calculations, done to detect
an overall intervention effect, assumed 12 hospitals for each
study condition, an average of 100 patients per hospital, baseline
performance ranging from 50% to 80%, a performance differen-
tial ranging 5%—7% due to the intervention, and an intracluster
correlation coefficient (ICC) ranging from 0.001 to 0.005. For a
baseline performance of 50% and an ICC of 0.001, we had
greater than 90% power (o = 0.05) to detect a 7% perfor-
mance differential between experimental and control hospi-
tals postintervention. Under the same assumptions, when the
ICC was increased to 0.005, power was reduced to 80%.
Power increased when baseline performance was varied from
50% and was symmetric on ecither side of the 50% midpoint
(i.e., assumptions of 20% or 80% baseline performances

yielded the same power).

Approvals and consents. PRISMM was approved by the in-
stitutional review boards of the University of Minnesota and
each participating hospital. As part of the MCCAP collaborative
framework, HERF had authorization to access patient records
under legal business agreements with each hospital since data
were collected as part of a QI initiative. Data were stripped of

personal identifiers for research use.

Overall design and randomization. A randomized-block
design was used to sort similar hospitals based on the presence of
a neurologist practicing on site as providers (rather than as con-
sultants only). Hospitals were allocated from each block to ex-
perimental or control condition. Allocation was blinded except
for one hospital where the medical director of the study prac-
ticed. This hospital was assigned to the experimental condition.
Following allocation, study personnel in charge of the interven-
tion were unblinded to assignment while hospitals and data ab-

stractors remained blinded.

Study patients. Included were patients aged 30—84 years dis-
charged with International Classification of Diseases, 9th Revi-
sion codes 434.x and 436.x and confirmed as having an acute
ischemic stroke by MD documentation. Only patients admitted
through the emergency room were included. Preintervention
data collection included patients discharged during July to De-
cember 2000 and postintervention data collection included dis-

charges during July to December 2003.

Target quality of care measures for acute ischemic
stroke. Ten measures for inclusion in our study (table 1) were
identified from a list of acute stroke care performance measures
developed by a national multidisciplinary expert panel.* The
measures were selected based on measurability, underlying level
of evidence, and levels of noncompliance reported in other stud-
ies.? Eligible subsets (denominator) were defined for each mea-
sure based on indications and contraindications to its

application. Similarly, compliance with each measure (numera-
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tor) was defined. Stroke care quality was measured using the

performance (numerator/denominator) on these 10 indicators.

Data collection and quality control. Data were abstracted
from patient medical records by trained nurses using a laptop
program and a manual. Abstraction reliability was examined by
reabstraction of a randomly selected 5% sample from each ab-
stractor’s completed cases by an experienced gold standard ab-
stractor. A 95% interrater reliability (using the k statistic) was
achieved on key variables used to calculate performance measures

during both phases of data collection.

Control and experimental conditions. Key elements of
the QI intervention included 1) audit and written feedback of
baseline performance; 2) analysis of structural and knowledge barri-
ers to stroke care identified by provider questionnaires; 3) use of
clinical opinion leaders to deliver customized feedback to care pro-
viders; 4) use of hospital management leaders to overcome identified
barriers to stroke care. Control hospitals received the first item
whereas experimental hospitals received all 4 elements.

Clinical opinion leader recruitment in all hospitals.

Neurologists were asked to rank order 3 colleagues with whom
they often discussed ischemic stroke cases and whose personal
characteristics were similar to attributes of informal opinion
leaders.” Candidates with the highest number of votes at each
hospital were successfully recruited to participate in the study.

Management leader recruitment in experimental
hospitals. Each experimental hospital appointed a management
leader to co-lead the project with the opinion leader. These individ-
uals, typically nurses in management roles, were responsible for fa-
cilitating changes in care processes to address barriers in stroke care.

Physician and nurse surveys. Nurses and physicians who
cared for ischemic stroke patients were surveyed in order to iden-
tify key knowledge and skill deficits and other barriers to stroke
care (questionnaires in appendix e-1 on the Neurology® Web site
at www.neurology.org).

Control group. Because of ethical concerns that a “pure”
control group might be denied data on their current practice, the
opinion leader of each control hospital received a report on the
hospital’s baseline care quality (figure 1).

Experimental group. Salient features of the experimental
intervention were as follows: 1) opinion leader—led feedback to
providers and 2) management leader—led interventions to resolve
barriers to stroke care. Following preintervention data collection,
experimental hospital leaders took part in a retreat to review
evidence and guidelines related to the target performance mea-
sures (table 1). They were then charged with presenting hospital-
specific data to their neurologists, ER physicians, primary care
physicians, and internists caring for stroke patients, as well as nurses
and rehabilitative staff involved in stroke care. Data presented in-
cluded hospital-specific baseline performance data and information
on knowledge and organizational barriers to stroke care identified
by the surveys. Accountability for corrective strategies was assigned
during these meetings. The opinion leaders were selected for their
ability to influence their peers; hence they were allowed to customize
the feedback sessions to suit individual hospitals and clinical circum-
stances (i.c., ER vs inpatient care).

The management leaders worked on identified knowledge
barriers among the multidisciplinary stroke staff (e.g., impor-
tance of warfarin in atrial fibrillation among nurses), organiza-
tional barriers such as lack of order sets and pathways, and
process issues (e.g., implementing existing physical and occupa-
tional therapy orders). HERF QI staff held monthly phone calls
with management leaders to discuss progress made on resolving

barriers and provided copies of compiled examples of stroke care
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Table 1

Ten quality indicators (performance measures) used in the Project for Improvement of Stroke Care

Management in Minnesota with evidence level and references for each measure*

Performance measure

(evidence level) Inclusions and exclusions denominator

Acute care bundle

Include: received IV tPA; exclude:

1. IV tPA door-to-drug =60
& postthrombolysis transfer from another hospital

minutes (B)

2. Symptom onset to |V tPA
=180 minutes (B)?425

Include: received IV tPA; exclude:
postthrombolysis transfer from another hospital

3. IV tPA given only to those
without contraindications
(B)2425

Include: received IV tPA; exclude:
postthrombolysis transfer from another hospital
Inpatient care bundle

4. Aspirin within 48 hours
(A)2426.27

Include: all; exclude: discharged, died, or comfort
care within 48 hours, contraindication to aspirin
(e.g., aspirin allergy, gastric ulcer)

5. Smoking cessation
counseling (C)?*

Include: cases with tobacco smoking history;
exclude: died, hospice discharge, comfort care

Include: all cases; exclude: died, hospice or
comfort care, discharged within 48 hours,
underwent major procedure, had significant
complication

6. Early mobilization (within
48 hours) (C)?*

7. PT and OT evaluation or
treatment within 48
hours (A)?*

Include: all cases; exclude: died, hospice or
comfort care, discharged within 48 hours

Discharge care bundle
8. Treat hypertension in

those newly diagnosed as
hypertensive (A)28-3°

Include: patients with sustained BP elevation
during hospital stay; exclude: died, hospice or
comfort care, already on HTN treatment

9. Warfarin in AF patients

Include: paroxysmal or persistent AF; exclude:
(A)29,31

died, hospice discharge, comfort care, refused,
documented nonprescription reason including
bleeding risk

10. Antithrombotic in those
without AF (A)29:32

Include: cases without AF; exclude: documented
non-prescription reason (e.g., bleeding
complication), died, hospice or comfort care,

Meets measure numerator

1V tPA started =60 minutes of hospital
arrival

1V tPA started =180 minutes of
symptom onset time or time last known
well

No documented contraindication as
specified in ASA guidelines®*

Case received aspirin orally or rectally
within 48 hours of admit

Cases or caregivers offered smoking
cessation advice or counseling

Cases mobilized to sitting in chair or
standing or received physical therapy
within 48 hours of admit

Cases evaluated or treated for PT or
OT within 48 hours of admit
Antihypertensive medication
prescribed at discharge

Prescribed warfarin at discharge
Prescribed antithrombotic at discharge

including warfarin, antiplatelet, full
dose heparin related anticoagulant

refused

Abbreviations: AF = atrial fibrillation/flutter; BP = blood pressure; HTN = hypertension; OT = occupational therapy; PT =

physical therapy; tPA = tissue plasminogen activator.

order sets, pathways, links to practice guidelines, relevant arti-
cles, and copies of tools (e.g., patient education tool).

The hypothesis underlying the hospital-specific feedback was
that physicians and nurses were more likely to change their behavior
if made aware that their practices fell short in providing best care as
defined by clinically meaningful quality criteria agreed upon in ad-

vance by credible authorities in their hospitals’ group.®1°!!

Statistical analysis. PRISMM used a cluster-randomized,
control group study design with repeated cross-sectional binary
measures (pretest, posttest).'*!®

Patient characteristics and hospital profiles were compared
between intervention and control conditions using x> statistic
for categorical variables and the median test for continuous non-
normal variables. Survey results were analyzed qualitatively to
categorize barriers to stroke care. Primary analysis was based on
intent-to-treat (ITT). Secondary analysis excluded the 2 hospi-
tals that left the study midway (as-treated analysis). We used a
multilevel random-effects modeling framework to evaluate the
intervention effect. This framework adjusts for the correlation
between subjects (intracluster correlation) in the individual level
analysis thereby capturing hierarchical clustering of the data (pa-
tients are nested within hospitals).'

The 10 measures were grouped into 3 bundles (table 1):
acute care, in-hospital treatment, and discharge treatment. Pre-

intervention and postintervention performance change was ex-
amined for each bundle and for each measure. Bundle
performance was calculated by weighting the contribution of
each indicator by its denominator size and summing over all
indicators in the bundle. The multilevel models yielded odds
ratios that compared the direction and magnitude of change be-
tween experimental and control hospitals. The analyses tested
the effect of our intervention by looking at the interaction be-
tween secular trends in stroke care quality and hospital assign-
ment to experimental vs control conditions. In addition, secular
trends were examined separately by looking at the main effect of
the trend alone (adjusting for assignment) but without the inter-
action term. SAS (PROC GLIMMIX) was used for all analyses.

Process evaluation. A qualitative process evaluation done fol-
lowing study completion examined the implementation of the
intervention. In particular, postintervention adoption of stan-
dardized protocols and order sets by hospitals as well as the ac-

tual use of these in patient care were examined.

RESULTS Twenty-four hospitals agreed to partici-
pate in the study from the 45 MCCAP hospitals.
Nineteen hospitals participated in randomization
and preintervention data collection. Postintervention
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Table 2 Demographic and clinical characteristics of patients in experimental and control conditions,

preintervention and postintervention?

Preintervention

Postintervention

Experimental Control P Experimental Control p

No. of patients 589 622 446 648
Mean age, y (SD) 69(12) 71(11) 0.27 67 (13) 70(12) 0.01
Female sex, n (%) 290 (49) 303 (49) 0.87 230(52) 320 (49) 0.37
White, n (%) 445(76) 492(79) 0.79 317(71) 535(83) 0.33
Risk factors by history, n (%)

Prior stroke 163 (28) 172 (28) 1.0 110(25) 193(30) 0.06

Myocardial infarction 101 (17) 116 (19) 0.50 53(12) 83(13) 0.99

Hypercholesterolemia 216 (37) 193(31) 0.31 127 (28) 187 (29) 0.92

Coronary heart disease 202 (34) 184 (30) 0.55 111 (25) 173(27) 0.52

Diabetes mellitus 118(20) 131 (21) 0.97 79(18) 92 (14) 0.44

Ever smoked 291 (49) 261 (42) 0.15 213(48) 265 (41) 0.30
Symptom onset, n (%) 0.99 0.64

Unknown 291 (49) 305 (49) 181 (41) 277 (43)

<6h 210(36) 223(36) 188(42) 270(42)

6+h 88(15) 94 (15) 77(17) 101 (16)
EMS first contact, n (%) 485(82) 528 (85) 0.23 392(88) 556 (86) 0.32
Median length of stay (range) 4 (0-46) 5(0-40) 0.22 4(0-51) 4 (0-51) 0.09
In-hospital mortality, n (%) 38(6) 26 (4) 0.18 24 (5) 28 (4) 0.80
Hospital characteristics

Stroke unit, n (%) 3(33) 2(20) 0.63

Neurologist on staff, n (%) 6(67) 8(80) 0.63

Urban, n (%) 9(100) 10(100) =

Median beds, n (range) 355(34-626) 218(45-676) 0.51

2 Statistical testing: p values for comparison of dichotomous hospital characteristics correspond to Fisher exact test, and
for continuous, median 2-sample test; p values for comparison of dichotomous patient characteristics correspond to a
hierarchical logistic regression to account for clustering design; p values for comparison of continuous patient characteris-
tics correspond to a normal distributed random-effects model in the log scale.

data were provided by 17 hospitals. Figure 1 shows
causes for hospital attrition. There were 1,211 acute
ischemic stroke cases preintervention and 1,094 cases
postintervention across all hospitals. Table 2 shows
the demographic and clinical characteristics of exper-
imental vs control patients before and after interven-
tion. All hospitals were urban. Table e-1 compares
clinical and other aspects of the 2 hospitals that left
the study with the 17 that continued.

Table e-2 summarizes barriers to stroke care iden-
tified by preintervention provider surveys. Response
to surveys was poor with only 32% of physicians and
36% of nurses responding after 3 mailings. Lack of
standardized order sets was identified as a barrier to
stroke care by 67% of physicians and 48% of nurses.

Intervention effect and secular trends. The I'TT anal-
ysis indicated that there was no significant interven-
tion effect for acute, in-hospital, or discharge cases
(table 3; table e-3 has details). In contrast, significant
secular trends in the quality of stroke care were seen

Neurology 74 May 18,2010

for acute care (odds ratio [OR] = 2.7; 95% confi-
dence interval [CI] = 1.3-5.5; p = 0.007) and in-
hospital care (OR = 1.5, 95% CI = 1.3-1.7; p <
0.0001) but not for discharge care (table 3). Figure 2
illustrates the interaction between hospital assign-
ment and secular trend for each bundle.

We explored the statistical implications of the 2
hospital dropouts. These 2 experimental hospitals
contributed a total of 100 out of 1,211 cases (8%) to
the preintervention data. The ITT and as-treated
analyses were very similar, suggesting no significant
bias due to the dropouts.

We examined the relation between the magnitude
of postintervention improvement and baseline per-
formance for in-hospital and discharge care mea-
sures. For all but one measure (PT, OT within 48
hours) hospitals with higher baseline performances
showed a smaller magnitude of postintervention im-
provement and this was significant for early mobili-

zation (Spearman rank correlation —0.6, p = 0.007)
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Table 3

Results of study showing intervention effect and secular trends comparing preintervention and

postintervention changes in performance for experimental vs control hospitals for each bundle

of care and each performance measure®

Experimental, % Control, % Intervention effect Secular trend
Quality indicator No. Pre Post Pre Post OR(95%CI) P OR(95% CI) P
Acute care, IV tPA 1.8(0.44-7.6) 041 2.7(1.3-5.5) 0.007
Given only to eligible patients 62 45 78 50 72 1.6(0.16-16.4) 0.68 3.3(1.0-10.4) 0.04
Door-drug =60 minutes 62 18 22 25 24 1.4(0.09-22.3) 0.80 1.1(0.29-4.5) 0.85
Onset-drug <180 minutes 62 45 83 63 76 3.2(0.28-35.4) 0.35 3.4(1.0-11.0) 0.04
In-hospital care 1.05(0.83-1.3) 0.60 1.5(1.3-1.7) <0.0001
Aspirin within 48 hours 2,003 59 76 59 70 1.4(0.95-2.1) 0.09 18(1.5-2.2) <0.0001
Smoking counseling 991 24 40 22 30 1.4(0.79-2.4) 0.25 1.7(1.3-2.3) 0.0001
Early mobilization =48 hours 1,876 88 87 87 91 0.58(0.33-1.04) 0.07 1.2(0.91,1.6) 0.2
PT and OT =48 hours 2,050 67 71 71 76 0.98(0.66-1.5) 0.92 1.3(1.04-1.6) 0.02
Discharge care 1.04(0.64-1.7) 0.86 1.1(0.86-1.4) 0.46
Rx HTN in newly diagnosed 432 63 57 53 57 0.66(0.30-1.5) 0.30 0.97(0.66-1.4) 0.9
Warfarin for AF patients 311 75 76 64 70 0.79(0.29-2.2) 0.65 1.2(0.74,2.0) 0.44
Antithrombotics fornon-AF 1,860 94 96 92 91 1.7(0.78-3.7) 0.19 1.1(0.74,1.5) 0.78

Abbreviations: AF = atrial fibrillation/flutter; Cl = confidence interval; HTN = hypertension; No. = total number of patients
including preintervention and postintervention and experimental and control; OR = odds ratio; OT = occupational therapy;

PT = physical therapy; tPA = tissue plasminogen activator.

2 Pre indicates preintervention performance and post indicates postintervention performance. Further details are available

in table e-3.

and warfarin in AF (Spearman rank correlation
~0.7, p = 0.009).

Qualitative process evaluation data (table e-2)
showed that despite the provision of order sets and
other patient care tools to all intervention hospitals,
the adoption of these was incomplete. Many control
hospitals had order sets and protocols at baseline.
However, the actual use of these patient care tools,
even when available, was poor in both experimental
and control hospitals.

Evidence level. This study provides Class II evidence
that informing hospital leaders of compliance with
ischemic stroke performance measures followed by a
structured QI intervention did not significantly im-
prove compliance more than informing hospital
leaders of compliance without this QI intervention.
However, a potentially large benefit from the inter-
vention for IV tPA use could not be excluded due to
lack of statistical precision (OR [95% ClI] 1.8
[0.44-7.6]).

DISCUSSION PRISMM failed to detect an inter-
vention effect but demonstrated significant secular
trends in care quality with performance changes in
both experimental and control hospitals. Our results
illustrate the potential fallacy of using historical con-
trols for evaluating QI interventions as is current
practice.!®” Without contemporaneous controls,

changes in performance, however substantial, cannot
be causally attributed to the intervention.

The lack of a demonstrable intervention effect in
the PRISMM trial could indicate that this specific
intervention was ineffective or that the intervention
would have worked but that its implementation was
incomplete. Process evaluation data (table e-2) sup-
port the latter hypothesis. While stroke care order
sets, protocols, and patient education materials were
made available to all intervention hospitals, not all
hospitals adopted them. Furthermore, the use of or-
der sets in actual patient care was poor. Many control
hospitals either had order sets at baseline or devel-
oped them on their own. It is to be noted, however,
that the actual order set usage seems to be poor across
the board and future interventions should address
order set use in addition to ensuring their availability.
A different possibility for the lack of an intervention
effect was that it was swamped by large secular
trends. There was a nationwide focus on the quality
of acute stroke care coincident with PRISMM in-
cluding the Brain Attack Coalition stroke center rec-
ommendations published in 2000'® and the Primary
Stroke Center Certification (PSC) program launched
nationwide in 2003-2004." PRISMM quality indi-
cators were similar to those proposed by these pro-
grams. Many hospitals, aware of these developments
during the PRISMM trial, were preparing for PSC
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Figure 2
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Calculation of bundle performance was by combining a weighted average of performance
on each measure comprising the bundle (table 1). This illustrates secular trends in both
acute and in-hospital care and the lack of interaction of these trends with experimental vs
control conditions (i.e., no intervention effect). Discharge care did not show any secular

trend or intervention effect.
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by 2003 when postintervention data were being
collected. Four control hospitals vs 1 experimental
hospital attained PSC in 2004, the first year disease-
specific certification was offered for stroke (table
e-3). This imbalance, unforeseen prior to trial design,
persists to this day. These events likely contributed to
a dilution of the intervention effect and the observed
secular trends.

Strengths of our study design include the substan-
tial number of participating hospitals. One weakness

Neurology 74 May 18,2010

is that an intervention effect for the acute care bundle
could have escaped detection due to loss of statistical
power from hospital attrition (from 24 to 19 hospitals).
Recruitment and retention of hospitals, schools, and or-
ganizations is a major difficulty in cluster-randomized
trials. We were nevertheless able to detect significant
secular trends in performance. A different related is-
sue is regarding the balance of study design due to
the postrandomization loss of 2 experimental hospi-
tals. We addressed this by comparing the ITT and
as-treated results and there was no evidence of bias
due to hospital dropouts. Another limitation is that
at the time of study design there were no estimates of
ICC to design interventions for acute care studies
and our power calculations were based on estimates
reported from primary care literature.?® Conse-
quently, one contribution of our study is the re-
ported ICC estimates for acute, in-hospital, and
discharge care. These will be useful for forthcoming
studies.

Cluster-randomized trials are uncommon in neu-
rologic literature despite being used in other fields of
medicine, such as primary care, and also in the edu-
cation field, where schools are randomized to differ-
ent curricula.’” Few randomized controlled trials
(RCTs) have examined the efficacy of interventions
to improve the quality of stroke care, particularly
complex interventions targeting care providers and
hospital organizations.?! PRISMM addresses this gap
by systematically assessing a complex intervention
based on a theory of behavior change®!®!"! to bring
about improvement in the care quality. Are QI inter-
ventions really necessary since secular trends appar-
ently lead to improved care quality over time? Our
postintervention data showed continued suboptimal
performance on many measures. Hence, secular
trends alone cannot be relied on to ensure optimal
care and interventions to improve care are needed.

An ongoing debate in the quality improvement
field is whether RCT's such as PRISMM have a role
in evaluating QI interventions given the difficulty
and expense of such studies.? While RCT's are the
gold standard for evaluating simple therapeutic inter-
ventions, they have drawbacks when used in the eval-
uation of complex interventions such as PRISMM.
Complex interventions have multiple interconnected
parts, are difficult to implement, and aim to achieve
outcomes which may be difficult to influence.?! The
main drawback (in addition to the expense and effort
needed for cluster-randomized studies) is that RCT
are searching for generalizable results; hence the goal
is strip away the local context in which the interven-
tion is deployed. QI interventions, on the other
hand, aim to bring about social change and depend
heavily on the local context and interpersonal dy-
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namics to bring about such change.???* Hence RCTs
may miss contexts, mechanisms, and factors that affect
the intervention outcome and therefore fail to identify
factors that may influence generalizability.?>?* In
counter argument, RCT's are designed to guard against
confounders. In the PRISMM, had we used the ex-
perimental arm alone without control hospitals, we
could have incorrectly concluded a significant inter-
vention effect due to the secular trends for acute and
in-hospital care bundles. We believe that a wide
range of methodologies should be used to evaluate
QI interventions. RCT have a special role in that
they guard against confounders and prevent falla-
cious conclusions about intervention efficacy. How-
ever, other evaluation paradigms that model the local
context and mechanisms underlying process change
are also important in identifying why certain QI in-

terventions seem to work while others fail 222
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