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Ligia N. Laranjeira, MS
Alexandre B. Cavalcanti, MD
Alessandra A. Kodama, MS
Ana Denise Zazula, MD
Eliana V. Santucci, MS
Elivane Victor, MS
Marcos Tenuta, MD
Vitor Carvalho, PhD
Vera Lucia Mira, MS, PhD
Karen S. Pieper, MS
Bernardete Weber, MS
Luiz Henrique Mota, MD
Eric D. Peterson, MD, MPH
Renato D. Lopes, MD, PhD
for the BRIDGE-ACS Investigators

CARDIOVASCULAR DISEASES, ES-
pecially acute coronary syn-
dromes (ACS), are the lead-
ing cause of morbidity and

mortality globally.1,2 Large-scale ran-
domized trials have established the
efficacy of several interventions for the
care of patients with ACS, including
antiplatelet therapy, anticoagulation,
reperfusion for patients with ST-
segment elevation myocardial infarc-
tion (STEMI), and secondary preven-
tion with aspirin, �-blockers, statins,
and angiotensin-converting enzyme in-
hibitors.3-8 Nevertheless, registries have
consistently demonstrated that the
translation of research findings into
practice is suboptimal9-11 and that these

care gaps are even greater in low- and
middle-income countries.12-15

Changingclinicalbehavior to improve
quality of care is challenging. Prior sys-
tematic reviews have suggested that cer-

tain quality improvement (QI) tools are
associated with better quality of care.16

These include reminders, educational
outreach visits, audit and feedback, case
management, and distribution of edu-
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Context Studies have found that patients with acute coronary syndromes (ACS) of-
ten do not receive evidence-based therapies in community practice. This is particu-
larly true in low- and middle-income countries.

Objective To evaluate whether a multifaceted quality improvement (QI) interven-
tion can improve the use of evidence-based therapies and reduce the incidence of ma-
jor cardiovascular events among patients with ACS in a middle-income country.

Design, Setting, and Participants The BRIDGE-ACS (Brazilian Intervention to In-
crease Evidence Usage in Acute Coronary Syndromes) trial, a cluster-randomized (con-
cealed allocation) trial conducted among 34 clusters (public hospitals) in Brazil and en-
rolling a total of 1150 patients with ACS from March 15, 2011, through November 2,
2011, with follow-up through January 27, 2012.

Intervention Multifaceted QI intervention including educational materials for clini-
cians, reminders, algorithms, and case manager training, vs routine practice (control).

Main Outcome Measures Primary end point was the percentage of eligible pa-
tients who received all evidence-based therapies (aspirin, clopidogrel, anticoagulants,
and statins) during the first 24 hours in patients without contraindications.

Results Mean age of the patients enrolled was 62 (SD, 13) years; 68.6% were men,
and 40% presented with ST-segment elevation myocardial infarction, 35.6% with non–
ST-segment elevation myocardial infarction, and 23.6% with unstable angina. The ran-
domized clusters included 79.5% teaching hospitals, all from major urban areas and 41.2%
with 24-hour percutaneous coronary intervention capabilities. Among eligible patients
(923/1150 [80.3%]), 67.9% in the intervention vs 49.5% in the control group received
all eligible acute therapies (population average odds ratio [ORPA], 2.64 [95% CI, 1.28-
5.45]). Similarly, among eligible patients (801/1150 [69.7%]), those in the intervention
group were more likely to receive all eligible acute and discharge medications (50.9% vs
31.9%; ORPA,, 2.49 [95% CI, 1.08-5.74]). Overall composite adherence scores were higher
in the intervention clusters (89% vs 81.4%; mean difference, 8.6% [95% CI, 2.2%-
15.0%]). In-hospital cardiovascular event rates were 5.5% in the intervention group vs
7.0% in the control group (ORPA, 0.72 [95% CI, 0.36-1.43]); 30-day all-cause mortality
was 7.0% vs 8.4% (ORPA, 0.79 [95% CI, 0.46-1.34]).

Conclusion Among patients with ACS treated in Brazil, a multifaceted educational in-
tervention resulted in significant improvement in the use of evidence-based therapies.
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cational materials to health profession-
als.17 Combined strategies targeting dif-
ferent barriers are more likely to be
effectivethansingle interventions.18 How-
ever, QI interventions have rarely been
rigorously evaluated, especially in low-
and middle-income countries, which
account for up to 80% of the global bur-
den of cardiovascular diseases.19,20

To assess the effectiveness of a QI ini-
tiative in patients with ACS from public
hospitals in an emerging economy set-
ting, we designed and conducted a clus-
ter-randomized trial, BRIDGE-ACS (Bra-
zilian Intervention to Increase Evidence
Usage in Acute Coronary Syndromes).

METHODS
Study Design

The trial methods and design have
been published previously.21 In brief,
BRIDGE-ACS was a pragmatic 2-group,
cluster-randomized controlled trial with
blinded adjudication of outcomes and in-
tention-to-treat analysis. The main ob-
jectives were to evaluate the effect of a
multifaceted QI intervention on the pre-
scription of therapies proven effica-
cious for patients with ACS within the
first 24 hours and at hospital discharge
as well as on the incidence of major car-
diovascular events.

All clusters submitted the study pro-
tocol for approval by their institutional
research ethics board; written informed
consent was obtained at the cluster level
from the hospital medical director. The
objectiveofsuchanapproachwastoavoid
selection bias that may arise from differ-
ent consent refusal rates between clus-
ters.21 The enrollment period was from
March 15, 2011, through November 2,
2011.Follow-upwascompletedonJanu-
ary 27, 2012.

Hospitals

We enrolled hospitals from major ur-
ban areas in Brazil; all were general pub-
lic hospitals with emergency depart-
ments (EDs) that receive patients with
ACS. We excluded private hospitals, car-
diology institutes, and hospitals in ru-
ral areas. A list of potential eligible clus-
ters (hospitals) was provided by the
Brazilian Ministry of Health.

Patients
Atparticipatingclusters,weenrolledcon-
secutivepatientsas soonas theypresent-
ed in theEDwithACSaccording tostan-
dardized definitions7,8; patients with
STEMI,non–ST-segmentelevationmyo-
cardialinfarction(NSTEMI),andunstable
angina were included. We excluded pa-
tients transferredfromotherhospitalsaf-
ter12hoursor longer,patientswithnon–
typeImyocardial infarction,andpatients
forwhomthepresumptiveadmissiondi-
agnosis of ACS was not confirmed.

Baseline Survey

Weconductedabaselinesurveyinallpar-
ticipatingclustersusingthesameeligibil-
itycriteria forpatient inclusion.Thesur-
veywasconductedpriortorandomization
toavoidpotentialsystematicerrorscaused
byawarenessofallocationtointervention
and control groups. The main objective
ofthebaselinesurveywastoassess ifclus-
terswerecomparablewithregardtobase-
lineprescriptionratesof evidence-based
therapiesandtoobtainreliableestimates
for our sample size estimation. Methods
andresultsof thebaselinesurveyarepre-
sented in theeAppendixavailable athttp:
//www.jama.com.

Randomization and Allocation
Concealment

Clusters were randomly allocated (1:1)
to a multifaceted QI strategy (interven-
tion group) or to routine practice (con-
trolgroup).Randomizationwasstratified
byteachingvsnonteachinghospitalsand
presenceorabsenceofpercutaneouscoro-
nary intervention (PCI) capabilities. All
clusterswere randomizedatonceonDe-
cember 30, 2010, by a statistician using
a central web-based randomization sys-
tembeforeenrollmentof the firstpatient.

QI Intervention

ThemultifacetedQIinterventionincluded
reminders,achecklist,casemanagement,
andeducationalmaterialsandwasimple-
mented in all clusters during the time of
patientenrollment in thestudy.Clusters
randomized to the interventionreceived
on-site training visits complemented by
web-basedandtelephonetraining.Addi-
tionally,2healthprofessionalsfromthese

clusters (aphysicianwhoactedas the lo-
cal leaderandaresearchnursewhoacted
ascasemanager)attendedaworkshopon
how to implement the BRIDGE-ACS QI
intervention.Thesetrainingsessionsused
simulation-basedlearningtechniques.The
2 key study personnel were responsible
forcontinuoustrainingof thehealthcare
staff at their siteand forguaranteeingad-
equate implementationoftheQItools.At
least80%oftheresearchmedicalstafffrom
each site was trained for this study.

The reminders and the checklist were
designedtobeimplementedsequentially
during the care of patients with ACS. As
soon as a patient with suspected ACS ar-
rived in the ED, a printed reminder
(“Chest Pain” label) was attached to the
clinicalevaluationformtoserveasarapid
triage tool. The ED nurse then gave the
attending physician the clinical evalua-
tionformwiththechestpain labelandan
attachedchecklist.Thechecklistcontained
analgorithmforriskstratification(based
onclinicalpresentation,electrocardiogram
analysis, andcardiacenzyme levels) and
recommendedevidence-based therapies
for each risk category. The algorithm di-
videdpatients into3riskcategories, each
corresponding toa specific color: red for
STEMI;yellowfornon–ST-segmenteleva-
tion ACS; and green for patients with a
normalelectrocardiogramtracingandcar-
diac enzyme levels.

Theattendingphysicianwas required
to check and confirm the use (or no use
inthecaseofcontraindications)ofallsug-
gested evidence-based interventions.
Oncepatientswereclassifiedinto1of the
3categories,theyreceivedacoloredbrace-
let (red, yellow, or green) according to
the risk stratification category. These
braceletshelpedtopromptly identifypa-
tientswithACSin theEDtoavoiddelays
in initiating recommended evidence-
based therapies.

A nurse trained in the QI interven-
tion acted as a case manager and per-
formed follow-up of all patients during
their hospital stay. The responsibilities
of the case manager included interact-
ing with physicians to avoid gaps in the
use of evidence-based interventions, en-
suring that all components of the QI in-
tervention were being used for every
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patient with ACS, and overseeing con-
tinuous training of health care staff in-
volved with the care of such patients.

Educational materials were provided
forall clusters randomized to theexperi-
mental group, including pocket guide-
lines, an interactive website containing
presentations about ACS, instructional
videos on how to implement the QI
intervention, and posters containing
evidence-basedrecommendationsforthe
managementofACStobedisplayedinthe
ED,coronarycareunit,andclinicalwards.

Blinding

Becauseof thenatureof the intervention
in theBRIDGE-ACStrial, onlymembers
of the clinical events classification com-
mitteewereblindedtogroupassignment.
Ateachsite, independentdatacollectors,
trainedinweb-baseddatacapturesystems,
werenotblindedto the intervention(be-
cause they measured compliance to the
QI tools) but were unaware of the main
study objectives and hypothesis.

Data Collection

Inallparticipatingclusters,datawerecol-
lectedprospectivelybyindependenthealth
professionals trained in web-based data
capture systems and not involved in the
care of patients with ACS. Adherence to
guidelines was assessed by chart review,
patient files,andphysicianprescriptions.
Additionally, the independent data col-
lectors sentcopiesofcharts,patient files,
andphysicianprescriptions (withconfi-
dentialityprotected) to thecoordinating
site, and these copies were validated by
blinded outcome assessors. Study coor-
dinatorswereunblindedregardingclus-
ter assignment.

Datawereenteredusinganelectronic
web-baseddatacapturesystem.Dataqual-
itycontrolwasguaranteedbyautomated
data entry checks, weekly contact with
investigators,on-sitemonitoring,andcen-
tralstatisticalchecks.22Feedbackwaspro-
vided at investigator meetings and in
monthly newsletters. The feedback and
newsletters were provided to all clusters
frombothgroups, includinginformation
onnumberofincludedpatients.However,
allcommunicationssenttocontrolgroup
clustersdidnotmentionthenatureof the

QI interventions or the identity (hospi-
tal names) of clusters randomized to the
intervention group. Feedback on study
endpoints(auditandfeedbackstrategy),
inparticularadherence to therapies,was
not provided to any of the groups.

End Points

Theprimaryendpointwasadherence to
all eligible evidence-based therapies (as-
pirin; clopidogrel; anticoagulation with
enoxaparin, unfractionated heparin, or
fondaparinux;andstatins)duringthefirst
24hours inpatientswithoutcontraindi-
cationsusing the“allornone”approach.
Secondaryendpointsincludedindividual
components of the primary end point;
overalladherencetoalleligibleevidence-
based therapies at admission and within
1weekofdischargeamongpatientswith-
out contraindications (aspirin, clopido-
grel, andanticoagulationduring the first
24hours;aspirin,�-blockers,statins,and
angiotensin-convertingenzymeinhibitors
atdischarge),usingthesame“allornone”
approach; and overall composite adher-
ence scores (defined as the sum of use of
proventherapiesamongthepatients’ total
numberof eligibleopportunities).23 The

pharmacological interventionsthatcom-
prised our primary end point were all
tested previously in large-scale, high-
quality randomizedtrials andsystematic
reviewsandarerecommendedbyallcur-
rentguidelines.7,8,24,25 Adetailedlistof the
end point definitions and contraindica-
tions are shown in eTable 1.

Clinical events were also considered
as secondary end points, including a
combined end point of total mortality,
nonfatal myocardial infarction, nonfa-
tal stroke, and nonfatal cardiac arrest at
discharge; all-cause mortality at dis-
charge and at 30 days; and major bleed-
ing (in-hospital). An independent events
committee adjudicated all outcomes
based on standardized definitions.21

Sample Size

We performed a prerandomization sur-
vey (January 2010-December 2010) in
participatingsitesandfoundthattherates
ofourprimaryendpointwereintherange
of40%.Moredetailsof thesurveyresults
are provided in the eAppendix. To de-
tect a 20% improvement in our primary
composite end point with 80% power,
a 2-tailed � of 5%, and an intracluster

Figure 1. Study Flow Diagram

18 Excluded
13 Refused to participate
5 Did not meet inclusion criteria

36 Hospitals randomized

17 Hospitals included in analyses
602 Patients included in primary 24-h data

analysis (mean, 35 [range, 4-55] per hospital)
602 Patients included in 30-d follow-up

data analysis

17 Hospitals included in analyses
548 Patients included in primary 24-h data

analysis (mean, 32 [range, 4-54] per hospital)
547 Patients included in 30-d follow-up

data analysis

19 Randomized to receive QI intervention
17 Received intervention as randomized

(mean, 36 [range, 4-55] patients 
included per hospital)

2 Did not receive intervention as randomized
(staff not available for training)

17 Randomized to receive routine care
17 Received routine care as randomized

(mean, 33 [range, 4-55] patients 
included per hospital)

618 Patients enrolled
16 Patients excluded (nonischemic

chest pain)

555 Patients enrolled
7 Patients excluded (nonischemic

chest pain)

54 Hospitals assessed for eligibility

1 Patient lost to 30-d follow-up

QI indicates quality improvement.
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correlation coefficient (ICC) of 0.21
(value based on a prerandomization pi-
lot phase), we needed to randomize 34
clusters and 1020 patients (median of 30
patients with ACS per cluster).26,27

Data Analysis

Allanalysesfollowedtheintention-to-treat
principle.28 Becausewerandomizedhos-
pitals rather thanpatients andmeasured
outcomes at the patient level, the analy-
siswasadjustedforclusteringof thedata.
Therefore,comparisonsbetweeninterven-
tionandcontrol groupswereconducted
using a generalized estimating equation
extensionoflogisticregressionprocedures
forcluster-randomizedtrials.Effectswere
expressed as a population average odds
ratio(ORPA) inthecaseofqualitativevari-

ables (such as prescription rates of
evidence-basedmedicationsandclinical
events) or as the mean difference in the
caseofquantitativevariables(suchascom-
posite adherence scores), with their re-
spective 95% CIs. The ORPA (obtained
using generalized estimating equation
models) representshowthe intervention
affectsoutcomesfor thecombinedpopu-
lation of all clusters instead of 1 specific
cluster(aswouldbethecasewithcluster-
specificodds ratiosobtainedusing logis-
tic random-intercept models).

We also conducted a generalized esti-
matingequationanalysisadjustedforage,
sex,hospitalteachingstatus,useofachest
pain protocol in the ED, and presence of
on-sitePCIfacilities,becausepreviousevi-
dence suggests an association between

these variables and quality of care deliv-
ered topatientswithACS.29-32 Sensitivity
analyses were also performed excluding
statinsduring the first24hoursaspartof
our primary end point and also from
the end point adherence to all eligible
evidence-based therapies at admission
and at discharge. We also compared the
effects of our intervention in the follow-
ing subgroups: teaching vs nonteaching
hospitals,hospitalswithandwithoutPCI
capabilities, hospitals with and without
a surgery team available 24 hours, hos-
pitals with and without a cardiologist in
theED,hospitalswithandwithoutachest
painprotocolintheED,anddifferenttypes
of ACS presentation (STEMI, NSTEMI,
or unstable angina).

Statistical analyseswereperformedby
the Research Institute HCor, São Paulo,
Brazil, and validated by the Duke Clini-
cal Research Institute, Durham, North
Carolina.P�.05(2-sided)wasestablished
as the levelof significance forall tests.All
analyses were conducted using Stata SE
version 1133 and R version 2.13.34

RESULTS
From54potentiallyeligibleclusters(hos-
pitals) invited, 18 were excluded (5 did
notmeet inclusioncriteria;13refused to
participate).Fromtheremaining36clus-
ters that confirmed interest, 2 withdrew
afterrandomizationbutpriortointerven-
tionbecausetheywereunabletosendany
researchstaff toattend trainingsessions.
The 2 excluded clusters were nonteach-
ing hospitals and were initially assigned
to the interventiongroup.Therewereno
differences in cluster characteristics be-
tween the 2 clusters that were excluded
andtheother34clusters.Details regard-
ingthecharacteristicsoftheexcludedclus-
ters are shown in eTables 2 and 3. From
the 34 randomized clusters that com-
pleted the study, a total of 1150
patients were enrolled prospectively and
included in the primary analysis
(FIGURE 1).

Hospital and Patient Characteristics

Baseline cluster and patient characteris-
tics were generally similar in each group
(TABLE 1). From the included clusters,
41.2% had PCI capabilities available 24

Table 1. Baseline Characteristics of Participating Patients and Clusters (Hospitals)

Characteristics

No. (%)

Intervention Control
Patient baseline characteristics n = 602 n = 548
Men 413 (68.6) 376 (68.6)
Age, mean (SD), y 62 (13) 62 (13)
Diabetes 175 (29.1) 182 (33.2)
Hypertension 433 (71.9) 402 (73.4)
Dyslipidemia 216 (35.9) 162 (29.6)
Current smoking 187 (31.1) 147 (26.8)
Family history of CAD 242 (40.2) 242 (44.2)
Angina 243 (40.4) 177 (32.3)
Renal failure 31 (5.1) 24 (4.4)
Cerebrovascular disease 53 (8.8) 48 (8.8)
Previous myocardial infarction 146 (24.3) 121 (22.1)
Previous PCI 91 (15.1) 88 (16.1)
Previous CABG surgery 57 (9.5) 34 (6.2)
Use of aspirin in the last month 197 (32.7) 178 (32.5)
Final diagnosis

STEMI 232 (38.5) 236 (43.1)
NSTEMI 230 (38.2) 180 (32.8)
Unstable angina 140 (23.3) 132 (24.1)

Cluster baseline characteristics n = 17 n = 17
Cardiologist available in ED 12 (70.6) 12 (70.6)
Cardiac surgery team available 24 h 6 (35.3) 7 (41.2)
PCI capabilities 7 (41.2) 7 (41.2)
Coronary care unit 10 (58.8) 9 (52.9)
Teaching hospital 14 (82.4) 13 (76.5)
Chest pain protocol at ED 13 (76.5) 11 (64.7)
Prior participation in multicenter clinical trial 8 (47.1) 7 (41.2)
Volume of patients seen in ED per mo, median (IQR) 4537 (2698-13 485) 4175 (1000-10 500)
No. of beds (coronary care unit), median (IQR) 8 (7-10) 9 (7-10)
Baseline rate of primary end point, %a 48.4 46.3
Abbreviations: CABG, coronary artery bypass graft; CAD, coronary artery disease; ED, emergency department; IQR, in-

terquartile range; NSTEMI, non–ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention;
STEMI, ST-segment elevation myocardial infarction.

aNo statistically significant difference between clusters later randomized to intervention and control groups with respect to
prescription rates of all eligible evidence-based therapies during the first 24 hours.
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hours,79.5%wereteachinghospitals,and
themedianvolumeofpatientsseeninthe
ED was about 4000 patients per month.
Mean age of the patients enrolled was 62
(SD, 13) years, 68.6% were men, 23.4%
hadexperiencedapriormyocardialinfarc-
tion, 72% had a history of hypertension,
and31%haddiabetes.Fromtheincluded
patients, 40% presented with STEMI,
35.6%withNSTEMI,and23.6%withun-
stable angina. The mean number of pa-
tients ineachcenterwas34(range,4-55).

Adherence to the QI Intervention
and Cointerventions

In the intervention group, adherence to
the reminders and checklists was 82.7%,
and research coordinators were able to
act as case managers in 86.7% of the in-
cluded cases. At baseline and through
study follow-up, cointerventions (such
as use of a chest pain protocol for pa-
tients with ACS) were similar between
groups (P=.44)

Effects on Evidence-Based Therapies
During the First 24 Hours
and at Discharge

The effects of the QI intervention on pre-
scription rates of evidence-based thera-
pies are shown in TABLE 2. Among eli-
gible patients (923/1150 [80.3%]), those
in intervention cluster hospitals were
more likely to receive all eligible acute
therapies within the first 24 hours than
those in control cluster hospitals (67.9%
vs 49.5%; ORPA, 2.64 [95% CI, 1.28-
5.45]; ICC, 0.32; P=.01). These results
remained consistent after adjusting for
important baseline covariates (adjusted
ORPA, 3.97 [95% CI, 1.52-10.37]; ICC,
0.32; P=.01) and after excluding stat-
ins during the first 24 hours as part of
our primary outcome (ORPA, 2.63 [95%
CI, 1.27-5.42]).

Similarly, use of all evidence-based
therapies during the first 24 hours and
atdischargeamong eligiblepatients (801/
1150 [69.7%]) was higher in the inter-
vention clusters vs controls (50.9% vs
31.9%; ORPA, 2.49 [95% CI, 1.08-5.74];
ICC, 0.36; P=.03). Overall composite ad-
herence scores were also higher in QI in-
tervention clusters than in control group
clusters (89%vs81.4%;P=.01) (Table2).

Effects on Clinical Events
TABLE 3 shows the effects of our inter-
vention on major clinical events at dis-
charge. The rates of major cardiovascu-
lar events were 5.5% for patients from
clusters randomized to the QI interven-
tion and 7.0% in control group clusters,
without a statistically significant
difference (ORPA, 0.72 [95% CI, 0.36-
1.43]; ICC, 0.15; P=.35). Total mortal-
ity rates at 30 days were 7.0% in patients
fromclusters randomizedto theQI inter-
vention and 8.4% in patients from con-
trol group clusters (ORPA, 0.79 [95% CI,
0.46-1.34]; ICC, 0.01; P = .38). We
observed lower rates of new myocardial
infarction (P= .09) and higher inci-
dence of major bleeding in the interven-
tion group as compared with the con-

trol group (P=.06), but these differences
didnotreachstatistical significance.Over
the course of the study, 194 patients
(32.2%) in the intervention group and
156patients(28.5%)inthecontrolgroup
underwent PCI (corresponding data for
CABG surgery not available).

Subgroup Analysis

The subgroup analysis is shown in
FIGURE 2. The effect of our QI inter-
vention in 100% evidence-based acute
therapies was greater in hospitals with
PCI capabilities (ORPA, 7.97 [95% CI,
3.11-20.42]; P� .001 [P=.004 for in-
teraction]) and in patients whose final
diagnosis was NSTEMI or unstable an-
gina (ORPA, 3.47 [95% CI, 1.56-7.71];
P=.001 [P� .001 for interaction]).

Table 2. Results of the Quality Improvement Intervention on Adoption of Evidence-Based
Therapies in Eligible Patients

Therapy/End Point

No./Total (%)

ORPA (95% CI)
P

Value ICCIntervention Control
Acute medications during first 24 h

Aspirin 584/599 (97.5) 520/543 (95.8) 1.73 (0.84-3.56) .14 0.01
Clopidogrel 534/592 (90.2) 410/539 (76.1) 2.16 (0.77-6.01) .14 0.41
Aspirin � clopidogrel 525/590 (89.0) 403/539 (74.8) 2.12 (0.88-5.10) .09 0.33
Any anticoagulationa 509/587 (86.7) 433/535 (80.9) 1.34 (0.72-2.49) .36 0.13
LMWH or fondaparinux 444/522 (85.1) 316/418 (75.6) 1.87 (0.97-3.59) .06 0.30
Unfractionated heparin 112/190 (58.9) 138/239 (57.7) 0.83 (0.31-2.22) .71 0.35
Statins 492/592 (83.1) 395/542 (72.9) 2.52 (1.15-5.56) .02 0.34

Discharge medications
Aspirin 556/576 (96.5) 493/531 (92.8) 2.08 (0.83-5.24) .12 0.05
Clopidogrel 450/536 (84.0) 365/520 (70.2) 1.51 (0.60-3.77) .38 0.39
�-Blockers 451/525 (85.9) 425/520 (81.7) 1.35 (0.64-2.81) .43 0.16
ACE inhibitors 415/509 (81.5) 383/503 (76.1) 1.21 (0.58-2.51) .61 0.24
Statins 508/577 (88.0) 461/536 (86.0) 1.87 (0.81-4.30) .14 0.33
Concomitant use of aspirin,

�-blockers, ACE
inhibitors, and statins

309/469 (65.9) 276/488 (56.6) 1.55 (0.75-3.18) .23 0.30

End points
Primary (complete adherence

to all acute evidence-
based therapies)b

344/507 (67.9) 206/416 (49.5) 2.64 (1.28-5.45) .01 0.32

Secondary (complete
adherence to all acute
and discharge therapies)c

205/403 (50.9) 127/398 (31.9) 2.49 (1.08-5.74) .03 0.36

Composite adherence score,
mean (SD), %d

89.0 (15.9)e 81.4 (18.0)f 8.6 (2.2-15.0)g .01 0.38

Abbrevations: ACE, angiotensin-converting enzyme; ICC, intracluster correlation coefficient; LMWH, low-molecular-
weight heparin; ORPA, population average odds ratio.

aLow-molecular-weight heparin, fondaparinux, or unfractionated heparin.
bNumber of patients who received all acute evidence-based medications (aspirin�anticoagulation�clopidogrel�statins

during first 24 hours) divided by the total number of patients without contraindications to receiving these medications.
cNumber of patients who received all acute and discharge evidence-based medications (aspirin�anticoagulation�

clopidogrel�statins��-blockers�ACE inhibitors) divided by the total number of patients without contraindications to
receiving these medications.

dComposite adherence score was defined as the sum of use of proven therapies among the patients’ total number of eli-
gible opportunities.

en=602.
fn=548.
gEffect estimate presented as mean difference (95% CI), obtained using generalized estimating equations with identity link

function and gaussian distribution.
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COMMENT
In this cluster-randomized trial, a mul-
tifaceted QI intervention including re-
minders, checklists, case management,
and educational materials was effective
in improving quality of ACS care in pub-
lic hospitals. Our intervention in-
creased the uptake of evidence-based

therapies during the first 24 hours,
mainly driven by increased prescrip-
tion rates of antithrombotic therapies and
statins. These results were consistent
among different subgroups but with
greater effect in hospitals with PCI ca-
pabilities and in patients presenting with
non–ST-segment elevation ACS. Over-

all quality of care as assessed by com-
posite adherence to evidence-based treat-
ments at admission and discharge was
also superior in the intervention vs the
control group. However, the study was
not powered for the evaluation of clini-
cal outcomes, and the low number of
events and the wide confidence inter-
vals around point estimates make the in-
terpretation of our clinical end point re-
sults inconclusive.

To our knowledge, this is the first clus-
ter-randomized trial testing a QI inter-
vention in ACS to be conducted in a
middle-income country. It provides use-
ful information because more than 80%
of the global burden of cardiovascular
diseases occurs in low- and middle-
income countries.19,20 Although the back-
ground rate of approximately 40% ad-
herence is lower than what is reported
in the European and North American lit-
erature (CRUSADE [Can Rapid Risk
Stratification of Unstable Angina Pa-
tients Suppress Adverse Outcomes With
Early Implementation of the ACC/AHA
Guidelines]23; GRACE [Global Registry
of Acute Coronary Events]9), it is not
lower than that observed for several

Table 3. Results of the Quality Improvement Intervention on Major Cardiovascular Events, In
Hospital and at 30 Daysa

No. (%)

ORPA (95% CI)
P

Value ICC
Intervention

(n = 602)
Control
(n = 548)

Events (in hospital)
New myocardial infarction 4 (0.7) 14 (2.6) 0.25 (0.05-1.26) .09 0.60
Cardiac arrest 26 (4.3) 22 (4.0) 0.96 (0.42-2.21) .93 0.06
Major bleeding 7 (1.2) 1 (0.2) 6.88 (0.93-51.10) .06 �0.01
Stroke 2 (0.3) 4 (0.7) 0.45 (0.08-2.50) .36 �0.01
Total mortality 29 (4.8) 28 (5.1) 0.82 (0.37-1.82) .62 0.05
Cardiovascular mortality 26 (4.3) 23 (4.2) 0.91 (0.42-1.96) .81 0.05
Major cardiovascular eventsb 33 (5.5) 38 (7.0) 0.72 (0.36-1.43) .35 0.15

Events (within 30 d)c
Total mortality 42 (7.0) 46 (8.4) 0.79 (0.46-1.34) .38 0.01
Cardiovascular mortality 40 (6.6) 39 (7.1) 0.87 (0.48-1.57) .64 0.02
Major cardiovascular eventsb 49 (8.1) 55 (10.1) 0.76 (0.45-1.27) .30 0.05

Abbreviations: ICC, intracluster correlation coefficient; ORPA, population average odds ratio.
aOver the course of the study, 194 patients (32.2%) in the intervention group and 156 patients (28.5%) in the control

group underwent percutaneous coronary intervention (corresponding data for coronary artery bypass graft surgery
not available).

bNew nonfatal myocardial infarction, nonfatal cardiac arrest, nonfatal stroke, or total mortality.
cn=547 for control group.

Figure 2. Primary End Point According to Prespecified Subgroups

No. With Primary End Point/
Total No. of Patients

Subgroup

Teaching hospital
Yes
No

PCI capability
Yes
No

Cardiac surgery team available 24 hours
Yes
No

Cardiologist available at ED
Yes
No

Chest pain protocol at ED
Yes
No

Type of acute coronary syndrome
STEMI

Intervention

291/404
53/103

213/249
131/258

176/206
168/301

266/355
78/152

304/419
40/88

111/182
233/325

Control

174/328
32/88

87/196
119/220

98/198
108/218

157/287
49/129

148/299
58/117

108/184
98/232NSTE-ACS

ORPA
(95% CI)

2.69 (1.15-6.30)
2.03 (0.81-5.06)

7.97 (3.11-20.42)
1.25 (0.54-2.94)

5.97 (2.03-17.51)
1.83 (0.75-4.46)

3.05 (1.29-7.22)
1.81 (0.62-5.22)

3.04 (1.37-6.71)
1.66 (0.35-7.88)

1.30 (0.60-2.80)
3.47 (1.56-7.71)

P for
Interaction

.85

.004

.10

.51

.38

<.001

Favors
Control

Favors
Intervention

101.00.1

ORPA (95% CI)

The primary end point comprised adherence to all eveidence-based therapies during the first 24 hours in patients without contraindications. ACS indicates acute coro-
nary syndrome; ED, emergency department; NSTE-ACS, non–ST-segment elevation ACS; ORPA, population average odds ratio; PCI, percutaneous coronary interven-
tion; STEMI, ST-segment elevation myocardial infarction.
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low- and middle-income countries.13

Moreover, prescription rates for indi-
vidual medications are consistent with
rates observed from the lowest quartile
in North American hospitals.23 Thus, if
patientcarecanbe improvedwhenadop-
tionratesaremore in the“middle range,”
then our results are relevant to rest of
world and to the United States for dis-
eases other than ACS, for which evi-
dence-based medicine uptake is much
less common.

We focused on improving the qual-
ity of care for patients admitted to pub-
lic hospitals rather than cardiology in-
stitutes and private hospitals. In Brazil,
as is the case in several low- and middle-
income countries, public hospitals ad-
mit the majority of patients with ACS and
have fewer resources for implementing
QI initiatives.14 Furthermore, public hos-
pitals face additional barriers to imple-
menting evidence-based care, such as
overcrowding, heavier individual clini-
cal workloads, and fewer personnel de-
voted to continuing education activi-
ties. Our results suggest that QI
interventions may be feasible and effec-
tive in these settings, especially using in-
terventions such as the one used in our
study, which is simple and does not rely
on expensive information technology or
on complex human interventions.35

Our findings are in accordance with
before-and-after studies, in which cen-
ters serveasboththecontrol (before)and
treated(after)groups.Thesestudieshave
evaluated the effects of QI in the setting
of ACS in the United States and
changes on the order of 15%, which is
consistent with our findings. These
reports may be prone to limitations such
as secular trends or sudden changes in
recommended therapies, making it dif-
ficult toattributeobservedchanges to the
intervention.13 Furthermore, in such
studies, the intervention may be con-
founded by the Hawthorne effect, which
could lead toanoverestimateof theeffec-
tiveness of an intervention. A cluster-
randomized trial design diminishes the
likelihood of such systematic errors.39,40

Previouscluster-randomizedstudiesin
thesettingofACSusingdifferentQItools
have had mixed results. The AFFECT

(AdministrativeDataFeedbackforEffec-
tive Cardiac Treatment) trial41 random-
ized clusters to receive rapid or delayed
feedbackonqualityperformanceanddid
notshowchangesintheprescriptionrates
of evidence-based medications. The dif-
ference in results between AFFECT and
BRIDGE-ACS may in part be explained
by the fact our trial used an intervention
composedofmultipleQItoolsratherthan
asingle tool, as in theAFFECTtrial. Sys-
tematicreviewshavesuggestedthatmul-
tifacetedQI interventionsaresuperior to
single interventions in changing behav-
ior.42 ThePROMIS-UK(ProspectiveReg-
istry of Outcomes and Management in
Ischaemic Syndromes–UK) trial43 ran-
domized 38 clusters in the United King-
dom to receive an education program
basedonEuropeanSocietyofCardiology
guidelines or control. The primary end
pointwas theuseof aspirin, clopidogrel,
�-blockers, and statins at discharge and
heparin in-hospital. There was a 3.6% to
8.0% absolute increase in all of the
evidence-based treatments.

In the recently published EQUIP-ACS
(European Quality Improvement Pro-
gramme for Acute Coronary Syn-
drome) trial,44,45 38 clusters from 5
European countries were randomly al-
located to receive standard care or a QI
program involving not only guideline-
driven objectives but also a review of pro-
cedures used by centers to manage pa-
tient care. Similar to the results observed
in the BRIDGE-ACS trial, the QI inter-
vention in EQUIP-ACS improved a com-
posite outcome of quality indicators.
BRIDGE-ACS adds complementary in-
formation to EQUIP-ACS, because we in-
cluded patients with STEMI (who were
excluded from the earlier trial), mea-
sured the effect of our QI intervention
on various clinical end points (which
were not reported in the earlier trial), and
evaluated the intervention in hospitals
with a broad range of characteristics and
resources levels (contrary to the
EQUIP-ACS trial, which was restricted
to cardiology sites).

Our trial had several strengths. We
used hospitals as the unit of randomiza-
tion, which reduced the possibility of
contamination. We prevented bias by

using concealed allocation, blinding ad-
judication of outcomes, and avoiding dif-
ferent consent refusal rates between clus-
ters.40 We analyzed data according to the
intention-to-treat principle and took the
cluster trial design into account. Our data
were collected by trained independent re-
search coordinators at each site, mini-
mizing the risk of selective reporting of
outcomes. Independent data collection
was complemented by central adjudica-
tion of eligibility criteria and outcomes.
Wetestedamultifaceted intervention tar-
geted at identified barriers, because this
approach is more likely to be effective for
implementing guidelines than a single in-
tervention. Adherence to most of our
tools was more than 80%, and cointer-
ventions were similar between groups.
Our results were consistent in a broad
range of public hospitals with different
characteristics.

Our trial had several limitations that
merit consideration. First, our results
may not be applicable to private hospi-
tals, cardiology centers, and institu-
tions that already have very high levels
of adherence to evidence-based thera-
pies. Whether our findings are general-
izable to higher-resource settings re-
mains to be tested and cannot be inferred
directly from our data. Nevertheless, our
intervention was designed to be simple,
making it theoretically feasible in set-
tings with different levels of resources.
Second, our intervention was delivered
over 8 months, and this may be too short
to detect changes in practice and in clini-
cal end points.

Third, we focused on evidence-based
medications; however, QI in the setting
of ACS involves other indicators such as
adequateriskstratification,evaluationof
ventricular function, smoking cessation
counseling, referral for cardiac rehabili-
tation,andadequacyofdoseofantithrom-
botic therapies.Fourth,althoughcenters
were requested toenroll consecutivepa-
tients, we did not implement a system of
registrationofpotentiallyeligiblepatients
to confirm whether that actually hap-
pened.Ontheotherhand,becausepatient
baseline characteristics were similar be-
tweengroups, importantselectionbias is
unlikely.
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Fifth, our study is underpowered to
detect meaningful differences in clini-
cal outcomes. Yet because most pa-
tients with ACS receive a multitude of
treatments, composite end points of evi-
dence-based therapies are relevant,46 and
previous studies have demonstrated an
independent association between im-
provement in the combined uptake of
proven therapies and beneficial effects on
clinical end points, supporting the use
of broad, guideline-based performance
metrics as a means of assessing hospital
quality.23,47 However, despite the ob-
served numerically lower (but nonsig-
nificant) rates of myocardial infarction
in the intervention group, one potential
downside was an increase in rates of in-
hospital major bleeding. Sixth, cluster
randomized trials are prone to addi-
tional limitations, such as lesser statis-
tical power and the variation within or
between clusters, when compared with
trials with randomization at the indi-
vidual level. Nevertheless, clustering was
taken into account in all reported analy-
ses using appropriate methods.

In conclusion, among patients with
ACS, a simple multifaceted educa-
tional intervention resulted in signifi-
cant improvement in the use of evi-
dence-based medications, particularly
in hospitals with PCI capabilities and
among patients with non–ST-segment
elevation ACS. Because this interven-
tion is relatively simple and feasible, the
approaches tested in the BRIDGE-ACS
trial can become the basis for develop-
ing QI programs to maximize the use
of evidence-based interventions for the
management of ACS, especially in lim-
ited-resource settings. Large-scale in-
ternational cluster-randomized trials
with adequate power are warranted to
assess the effect of QI interventions on
clinical outcomes as well as on cost-
effectiveness.

Published Online: March 25, 2012. doi:10.1001
/jama.2012.413
Author Affiliations: Research Institute HCor–
Hospital do Coração, São Paulo, Brazil (Drs Ber-
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Laranjeira, Alexandre B. Cavalcanti, Alessandra A.
Kodama, Ana Denise Zazula, Eliana V. Santucci, Eli-
vane Victor, Uri A. Flato, Marcos Tenuta, Vera Lucia
Mira, Karen S. Pieper, Luiz Henrique A. Mota, Eric D.
Peterson, Renato D. Lopes. Steering Committee:
Otávio Berwanger (cochair), Renato D. Lopes (co-
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eral, Paranoá e Brası́lia, Distrito Federal: Janaina Ramos
de Miranda, Renato David da Silva, Elzir Nascimento
da Silva; Hospital Municipal de Urgência e Emergên-
cia Dr. Clementino Moura, São Luis, Maranhão: Manu-
ela Veigas Dias Rocha; Hospital Regional do Mato
Grosso do Sul, Campo Grande, Mato Grosso do Sul:
Alexandre Frizzo, Jackon Duarte, Christiano Pereira,
Juliana Morinigo, Ana Maria Thimóteo da Silva; Hos-
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