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N SEVERAL PROSPECTIVE RANDOM-
ized trials'? and in a meta-analysis
of such trials,* primary percutane-
ous coronary intervention (PCI) was
superior to thrombolytic therapy for
treatment of patients with acute myo-
cardial infarction (MI) associated with
ST-segment elevation on presenting elec-
trocardiogram (ECG). Trial outcomes
differ primarily regarding whether the su-
periority of primary PCI was restricted
to short-term (30-day) outcomes® or per-
sisted 6 months after index MIL.>°
Most institutions participating in
comparative trials have been hospitals
with on-site cardiac surgery and ac-
tive elective PCI programs. Yet, ap-
proximately two thirds of patients with
acute MI present to hospitals without
such capability.” Although some of
these hospitals have the equipment and
personnel capable of performing pri-
mary PCI, the requirement that car-
diac surgery be available in the same
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Context Trials comparing primary percutaneous coronary intervention (PCI) and throm-
bolytic therapy for treatment of acute myocardial infarction (MI) suggest primary PCI
is the superior therapy, although they differ with respect to the durability of benefit.
Because PCl is often limited to hospitals that have on-site cardiac surgery programs,
most acute MI patients do not have access to this therapy.

Objective To determine whether treatment of acute MI with primary PCl is supe-
rior to thrombolytic therapy at hospitals without on-site cardiac surgery and, if so, whether
superiority is durable.

Design The Atlantic Cardiovascular Patient Outcomes Research Team (C-PORT)
trial, a prospective, randomized trial conducted from July 1996 through December
1999.

Setting Eleven community hospitals in Massachusetts and Maryland without on-
site cardiac surgery or extant PCl programs.

Patients Four hundred fifty-one thrombolytic-eligible patients with acute Ml of less
than 12 hours’ duration associated with ST-segment elevation on electrocardiogram.

Interventions After a formal primary PCI development program was completed at
all sites, patients were randomly assigned to receive primary PCl (n=225) or acceler-
ated tissue plasminogen activator (bolus dose of 15 mg and an infusion of 0.75 mg/kg
for 30 minutes followed by 0.5 mg/kg for 60 minutes; n=226). After initiation of as-
signed treatment, all care was determined by treating physicians.

Main Outcome Measures Six-month composite incidence of death, recurrent Ml,
and stroke; median hospital length of stay.

Results The incidence of the composite end point was reduced in the primary PCI
group at 6 weeks (10.7% vs 17.7%; P=.03) and 6 months (12.4% vs 19.9%; P=.03)
after index MI. Six-month rates for individual outcomes were 6.2% vs 7.1 % for death
(P=.72),5.3% vs 10.6% for recurrent MI (P=.04), and 2.2% vs 4.0% for stroke (P=.28)
for primary PCl vs thrombolytic therapy, respectively. Median length of stay was also
reduced in the primary PCI group (4.5 vs 6.0 days; P=.02).

Conclusions Compared with thrombolytic therapy, treatment of patients with pri-
mary PCl at hospitals without on-site cardiac surgery is associated with better clinical
outcomes for 6 months after index MI and a shorter hospital stay.
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hospital usually prohibits its perfor-
mance, if not by state regulation, then
by community standard.

The fact that access to primary PCI
is restricted despite its superior out-
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comes leads to a widely held position
that attempts to justify two standards
of care. If it can be applied, primary PCI
is the better therapy for acute ML If not,
then thrombolytic therapy is the stan-
dard of care. Therefore, whether a pa-
tient receives the better therapy de-
pends on the hospital to which the
patient presents, which is itself almost
always a matter of chance and geogra-
phy. From a health care policy point of
view, access to the best therapy for the
greatest number of patients is an im-
portant goal.

This study, the Atlantic Cardiovas-
cular Patient Outcomes Research Team
(C-PORT) trial, was undertaken to de-
termine whether primary PCI pro-
duces outcomes at 6 months that are
superior to thrombolytic therapy when
applied at hospitals without on-site car-
diac surgery or an extant PCI pro-
gram. If primary PCl is indeed the bet-
ter therapy in this setting, then access
to this procedure might be extended to
include the hospitals to which so many
patients with acute MI present.

METHODS
Sample Size Calculations

Based on a conservatively estimated
event rate (composite of death, recur-
rent MI, and stroke) of 14%'> and
a=.05, a sample size of 2550 was esti-
mated to provide 90% power to detect
a 30% reduction in event rate. Five in-
terim analyses were projected before the
final analysis. The first was to occur
when 300 patients were recruited and
the second when 800 had been re-
cruited. The Fleming-Harrington-
O’Brien method® was used to maintain
the overall type I error rate for 2-sided
comparison of treatment differences at
a=.05. The P value required to reject
the null hypothesis was .00101 for the
first and .00111 for the second analy-
sis. Because funding could not be se-
cured, the study was terminated after
451 patients were recruited.

Study Design

Study patients were recruited between
July 29,1996, and June 17, 1999, from
11 participating institutions in Mary-
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land and Massachusetts. Prior to study
initiation, waivers to the prohibition of
performing PCI at hospitals without on-
site cardiac surgery were secured from
the appropriate regulatory bodies in
both states (the Maryland Health Care
Commission and the Massachusetts De-
partment of Public Health Division of
Health Care Quality). Waivers were
granted only for participation in the
study and did not extend to PCI out-
side of the study.

Each participating institution’s insti-
tutional review board reviewed and ap-
proved the study and consent. Writ-
ten informed consent was obtained
from all participants using procedures
in accordance with the ethical stan-
dards of each participating institu-
tion’s committee on human experimen-
tation and with the Helsinki Declaration
of 1975, as revised in 1983.

Patients could be included if they
were eligible to receive thrombolytic
therapy, were aged 18 years or older,
could provide informed consent, had
chest discomfort or any other symp-
tom compatible with myocardial ische-
mia of at least 30 minutes’ and less than
12 hours’ duration, and had either at
least 1 mm of ST-segment elevation in
at least 2 contiguous ECG leads or at
least 1 mm of ST-segment depression
in leads V, and V, compatible with true
posterior wall injury or presumed new
left bundle-branch block. Patients ex-
cluded were those unable to give in-
formed consent, those taking metfor-
min who also had a creatinine level
greater than 1.5 mg/dL (132.6 pmol/L)
(in men) or 1.4 mg/dL (123.8 pmol/L)
(in women), those with true idiosyn-
cratic reactions to aspirin or radio-
graphic contrast media, and those who
were not eligible for thrombolytic
therapy. Patients could present to the
emergency department or be inpa-
tients and were not excluded because
of prior or recent MI, any comorbid
condition (including those that might
limit survival to <6 months), or prior
PCI or coronary artery bypass graft
(CABG) surgery. Patients with acute MI
with ST-segment elevation on present-
ing ECG who were ineligible for throm-

bolytic therapy could be entered into
a registry and undergo primary PCI at
the community hospital (FIGURE 1).

The 11 community hospitals had
coronary care units and diagnostic car-
diac catheterization laboratories but had
neither an on-site cardiac surgical pro-
gram nor a preexisting PCI program. A
formal program was created and used
to develop primary PCI capability at
each institution prior to initiating pa-
tient recruitment. The primary PCI de-
velopment program was a detailed pro-
cess that took approximately 3 months
to complete and was individually
adapted for each institution. This pro-
gram consisted of setting standards,
training staff, developing local logis-
tics, and instituting a quality and er-
ror management program. Additional
details regarding this program are avail-
able at http://www.cport.org.

Standards were required for care,
facilities, equipment, and staff, includ-
ing interventional operators and cath-
eterization laboratory and postproce-
dure (coronary care unit) staff. Care
standards adopted were the American
College of Cardiology/American Heart
Association MI treatment guidelines.’
Facilities and equipment standards were
set locally by the interventional opera-
tors. In addition, an instrument for mea-
suring activated clotting time and an in-
tra-aortic balloon pump were required.
Interventional operators had to per-
form a minimum of 50 interventions per
year.!® There were no nationally rec-
ognized competency standards for
nurses and technicians caring for pri-
mary PCI patients, so a formal train-
ing program was implemented. Train-
ing consisted of three parts: on-site
observational training, a didactic se-
ries, and hands-on training for staff
serving as second operator.

Logistics development refers to cre-
ation of an infrastructure that allows for
the appropriate, safe, rapid, reliable, and
effective application of therapy for acute
MI. For thrombolytic therapy, the 2
goals were immediate receipt of aspi-
rin and application of thrombolytic
therapy within 30 minutes of hospital
arrival. For primary PCI, the 3 goals
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were immediate receipt of aspirin, no
more than 60 minutes’ elapsed time
from hospital arrival to entry into the
catheterization laboratory, and no more
than 90 minutes’ elapsed time from hos-
pital arrival to first balloon inflation. De-
tailed logistics were developed by study
staff and local staff from the various care
areas, including the emergency depart-
ment, cardiac catheterization labora-
tory, and coronary care unit, and were
individualized for each institution.

Quality and error management re-
quired collection of data for each pa-
tient. Both process indicators (eg, time
to treatment) and clinical outcomes in-
dicators (eg, death, stroke) of quality
were monitored.

Protocol

This trial was meant to be a “real-
world” trial and, therefore, was devel-
oped with a minimum amount of pro-
tocol-required care. The Maryland
Medical Research Institute (MMRI)
served as the trial data coordinating cen-
ter and the Johns Hopkins Medical In-
stitutions as the clinical coordinating
center. Patients were identified as po-
tential trial participants in the emer-
gency department or in the hospital.
Treatment assignments were made with
an automated telephone response sys-
tem at MMRI. This system was acces-
sible 24 hours a day to individuals with
certification to enroll patients in the
study. The individual identifying and
randomizing the patient (usually an
emergency department physician) was
often not the treating physician (most
often a cardiologist). Separate random-
ization treatment assignment sched-
ules were computer generated for each
clinical site, balancing assignments
within site in randomly varying blocks
of size 2, 4, 6, and 8, so that assign-
ments to each of the 2 treatment groups
had equal expectations.

Patients randomized to receive
thrombolytic therapy were required to
receive immediate aspirin, accelerated
tissue plasminogen activator (bolus
dose of 15 mg and an infusion of 0.75
mg/kg for 30 minutes followed by 0.5
mg/kg for 60 minutes), and 48 hours
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of postthrombolytic heparin. Patients
randomized to receive primary PCI
were required to receive immediate as-
pirin. No protocol PCI was to be per-
formed if the patient had both clinical
resolution of ischemia (resolution of ST-
segment elevation and chest discom-
fort) and Thrombolysis in Myocardial
Infarction (TIMI) grade 3 flow on ini-
tial angiography. Additional guide-
lines for interventional treatment in-
cluded encouragement to use stents for
any residual stenosis of greater than
20% or any other suboptimal result,
such as angiographically demon-
strable intimal dissection, and encour-
agement to use glycoprotein ITb/I1la re-
ceptor antagonists. While application
of nationally recognized acute MI care
guidelines’ were recommended in the

trial’s manual of operations, treatment
of patients was determined by the lo-
cal treating physician.

Follow-up at 6 weeks and 6 months
was performed primarily through tele-
phone contact. All medical records
related to an identified event were
reviewed.

Outcome Measures

The primary outcome measure was the
composite incidence 6 months after in-
dex MI of the first occurrence of death,
recurrent MI, and stroke. Stroke was de-
fined as any new, permanent neuro-
logical deficit. Recurrent MI was de-
fined as in the Assessment of the Safety
and Efficacy of a New Thrombolytic
(ASSENT) 2 trial.'* Within the first 18
hours after index MI, recurrent MI re-

Figure 1. Flow of Participants Through the Trial

548 Patients Assessed for Eligibility

| 17 Nondiagnostic Electrocardiogram

97 Excluded
80 Thrombolytic Ineligible

0 Refused to Participate
0 Other

97 Thrombolytic-Ineligible Patients
Entered Into Primary Percutaneous Coronary
Intervention Registry

451 Randomized

226 Assigned to Receive Thrombolytic Therapy

204 Received Assigned Intervention
22 Did Not Receive Assigned Intervention
(2 Received Percutaneous Coronary Intervention)
10 Reassessed as Thrombolytic Ineligible
9 Resolution of Ischemia
3 Other

225 Assigned to Primary Percutaneous Coronary
Intervention

212 Received Assigned Intervention
43 Catheterization Performed But Percutaneous
Coronary Intervention Not Attempted
169 Percutaneous Coronary Intervention
Performed

13 Did Not Receive Assigned Intervention
(7 Received Thrombolytic Therapy)
5 Cardiac Catheterization Laboratory Staff Not
Available
4 Physician Preference
3 Resolution of Ischemia
1 Other

0 Lost to Follow-up
0 Discontinued Intervention

0 Lost to Follow-up
0 Discontinued Intervention

226 Included in Analysis
0 Excluded From Analysis

225 Included in Analysis
0 Excluded From Analysis
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quired recurrent symptoms of myocar-
dial ischemia associated with recur-
rent ST-segment elevation in at least 2
contiguous leads lasting at least 30 min-
utes. After 18 hours, recurrent MI was
defined as appearance of new Q waves,
new left bundle-branch block, or en-
zyme evidence of MI. This included ei-
ther an abnormal creatine kinase (CK)
MB fraction that was also at least 50%
greater than the immediately prior
value. If only total CK measurement
was available, it was required to be el-
evated to more than 2 times the upper
limit of normal and at least 25% greater
than the immediately previous value;
if total CK level was not 2 times the up-
per limit of normal, then it had to be
at least 50% greater than the upper limit
of normal and at least 2 times the im-
mediately previous value. Periproce-
dural recurrent MIs required, follow-
ing PCI, a CK-MB fraction or total CK
level 2 times the upper limit of normal
and at least 50% greater than the im-
mediately previous value and, follow-
ing CABG surgery, a CK-MB fraction

or total CK level at least 5 times the up-
per limit of normal and at least 50%
greater than the immediately previous
value. Alternatively or additionally,
periprocedural recurrent MI was de-
fined as appearance of new Q waves in
2 or more contiguous leads.

Death was confirmed using the So-
cial Security Death Index and/or a death
certificate. Recurrent MI events were re-
viewed by at least 2 cardiologists not
associated with the trial and blinded to
treatment allocation. Stroke events were
reviewed by a neurologist not associ-
ated with the trial and blinded to treat-
ment allocation.

Secondary end points measured in-
cluded incidence of blood transfu-
sion, nonprotocol catheterization and
PCI, CABG surgery, and length of stay.
All protocol angiograms and interven-
tions were reviewed and interpreted by
the study chairman (T.A.). Quantifica-
tion of coronary artery stenoses and
TIMI flow grade were estimated visu-
ally. Successful PCI was defined as a
postprocedure result of no more than

Table 1. Baseline Characteristics®

No. (%)
I'I'hrombolytic Therapy Primary PCII
(n = 226) (n = 225) P Value

Demographic characteristics

Age, mean (SD), y 63.9 (12.1) 63.7 (12.7) .82

White race 191 (91) 179 (90) A7

Male sex 160 (70) 160 (71) .99
Medical history

Diabetes 37 (16) 33 (15) .62

Hypertension 97 (43) 114 (51) .10

Hypercholesterolemia 104 (46) 92 (41) 27

Current/former smoker 133 (59) 119 (53) .20

Prior stroke 6(3) 42 .52

Prior CABG surgery 14 (6) 10 (4) A1

Prior PTCA 21(9) 17 (8) .51

Prior Ml 40 (18) 35 (16) 54
Clinical variables

Heart rate, beats/min 74 (20) 77 (19) 14

Systolic BP, mm Hg 135 (34) 140 (30) .07

Diastolic BP, mm Hg 78 (21) 79 (19) 43

S; present 6(2.8) 3(1.4) .32

Rales =2 way up posterior thorax 2 (0.9 2(0.9 .99

Anterior infarction 82 (36) 81 (36) .99

In-hospital MI 3(1) 5() 47

*PCl indicates percutaneous coronary intervention; CABG, coronary artery bypass graft; PTCA, percutaneous trans-
luminal coronary angiography; MI, myocardial infarction; and BP, blood pressure.
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50% residual stenosis and TIMI grade
3 (or normal) angiographic flow.

Results are presented as either mean
(SD) or median (interquartile range ).
Comparisons of incidence of each in-
dividual outcome and the primary com-
posite outcome by intention-to-treat
analysis were performed using the x?
test for categorical variables and the t
test for continuous variables. The in-
tention-to-treat analysis was per-
formed for all randomized patients as
randomized. Survival analyses were
evaluated using the log-rank test. Sig-
nificant differences required a 2-tailed
P=.05. Analyses were carried out us-
ing SAS (SAS Institute Inc, Cary, NC)
and Statistica (StatSoft Inc, Tulsa, Okla).

The data and safety monitoring board
for the trial approved the protocol and
amendments, provided interim safety
monitoring, and concurred with the de-
cision to close the trial. The random-
ized trial was closed after the second in-
terim analysis because, after multiple
attempts, funding could not be se-
cured.

RESULTS

The first of 11 participating centers be-
gan patient recruitment on July 29,
1996, and the last began recruitment on
October 14, 1998. The last of 451 pa-
tients was randomized on June 17,
1999. The highest-enrolling center en-
rolled 138 patients and the lowest-
enrolling center enrolled 7 patients.

Baseline patient characteristics are
shown in TABLE 1. There were no sig-
nificant differences between treat-
ment groups with regard to baseline
characteristics, prevalence of cardiac
risk factors, common comorbid condi-
tions, or presenting signs.

Assigned treatment was considered
to have been received if thrombolytic
therapy was initiated in patients as-
signed to thrombolytic therapy and if
catheterization was performed with or
without PCl in patients assigned to the
primary PCI group. Twenty-two (9.7%)
of the 226 patients assigned to throm-
bolytic therapy did not receive as-
signed thrombolytic therapy and 13
(5.8%) of 225 patients assigned to pri-
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mary PCI did not undergo catheteriza-
tion (Figure 1). Seven patients as-
signed to primary PCI received
thrombolytic therapy and 2 assigned to
thrombolytic therapy received pri-
mary PCI at the community hospital.
In 43 patients assigned to primary
PCI, catheterization was performed but
PCI was not attempted: in 31 per pro-
tocol because the infarc-related artery
was patent and ischemic signs and
symptoms resolved, in 7 because of
high-risk anatomy requiring coronary
artery surgery, and in 5 for other rea-
sons. Percutaneous coronary interven-
tion was successful in 163 (96%) of 169
patients in whom it was attempted.
Among those in whom PCI was at-
tempted, 106 (63%) had stents placed
and 128 (76%) were given a glycopro-
tein IIb/I1la receptor antagonist (all but
2 patients received abciximab).
Hospital arrival times are shown in
TABLE 2. The distribution of arrival
times was the same in both groups, with
more than half of the patients arriving
during the day (8 AM—4 PM). In the
thrombolytic therapy group, patients ar-
rived at the hospital a median of 90 min-
utes (IQR, 60-200 minutes) after symp-
toms began; patients in the primary PCI
group arrived 90.5 minutes (IQR, 59-
170 minutes) after symptom onset. In
the thrombolytic therapy group, the
median door-to-therapy time was 46
minutes (IQR, 30-65 minutes). In the
primary PCI group, the median door—
to—catheterization laboratory time was
55 minutes (IQR, 40-75 minutes) and
the median door-to-balloon time was
101.5 minutes (IQR, 82-121 minutes).
As shown in TABLE 3, by intention-
to-treat analysis, each major adverse
outcome—death, recurrent MI, stroke,
and the composite end point—were
lower at discharge, 6 weeks, and 6
months in the primary PCI group. For
the composite end point, the odds ra-
tio was 0.52 (95% confidence interval,
0.30-0.89) at 6 weeks and 0.57 (95%
confidence interval, 0.34-0.95) at 6
months in favor of primary PCI. The
lower adverse event rates after index MI
were due mainly to lower rates of re-
current MI and stroke. As shown in
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.
Table 2. Hospital Arrival Times*

Patients, %
I 1

Atlantic C-PORT NRMI
I'I'hrombolytic l I'I'hrombolytic l
Hospital Arrival Time Therapy Primary PCI Therapy Primary PCI
Day (8 AM—4 PMm) 64 62 31 50
Evening (4 PM—midnight) 18 18 37 28
Night (midnight—8 Am) 18 20 32 22

*Distribution of hospital arrival times in the Atlantic Cardiovascular Patient Outcomes Research Team (C-PORT) trial
and from high-volume primary percutaneous coronary intervention (PCI) centers participating in the National Regis-
try of Myocardial Infarction (NRMI).'

]
Table 3. Primary Outcomes: Intention-to-Treat Analysis™

No. (%)
IThrombolytic Therapy Primary PCII
(n = 226) (n =225) P Value

Discharge

Death 14 (6.2) 12 (6.3 .70

Recurrent Ml 20 (8.8) 9 (4.0 .04

Stroke 8(3.5) 3(1.3) 13

Composite 38 (16.8) 22 (9.8) .03
6 Weeks

Death 16 (7.1) 12 (5.3 44

Recurrent Ml 20 (8.8) 11 (4.9 .09

Stroke 8 (3.5 3(1.3) 13

Composite 40 (17.7) 24 (10.7) .03
6 Months

Death 16 (7.1) 14 (6.2) 72

Recurrent Ml 24 (10.6) 12 (5.3 .04

Stroke 9(4.0 5(2.2) .28

Composite 45 (19.9) 28 (12.4) .03

*The composite end point represents the occurrence of any event (death, recurrent myocardial infarction [MI], or stroke).
Multiple events in the same patient count as only 1 event in the composite primary outcome over the entire study
period. PCl indicates percutaneous coronary intervention.

]
Figure 2. Cumulative 6-Week Event-Free
Survival

FIGURE 2, the benefit of primary PCI
was seen mainly in the first 10 days af-
ter index MI.

When patients from the center with 10
the greatest number of enrolled par-
ticipants were eliminated from analy-
sis, the composite event rate among pa-
tients from the other centers still
favored primary PCI. In the highest-
enrolling center, the composite event
rate at 6 months was 23.2% in the
thrombolytic therapy group and 13.0%
in the primary PCI group. Excluding
patients in the highest-enrolling cen-
ter, the 6-month composite event rate
from the other centers was 18.5% in the
thrombolytic therapy group and 11.5%
in the primary PCI group. The relative
reduction in the 6-month composite
event rate was similar in the highest-

Percutaneous Coronary
Intervention
099

0.8+ Thrombolytic Therapy

0.71

Cumulative Event-Free Survival

. 0 T
No. at Risk 0 10 20 30 40
Percutaneous Days After Index Infarction
Coronary
Intervention 225 206 202 202 201
Thrombolytic
Therapy 226 191 187 186 186

Survival was significantly better (P=.03) in the group
receiving thrombolytic therapy.
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enrolling center and in patients from
the other centers (44% and 38%,
respectively).

When these data were analyzed by ac-
tual treatment received (comparing
those in the trial who actually received
primary PCI at the community hospi-
tal with those who actually received
thrombolytic therapy), outcomes favor
primary PCI even more, as shown in
TABLE 4. At 6 months, there was more
than a 50% relative reduction (10.5% ab-
solute reduction) in the composite event
rate in the primary PCI group.

TABLE 5 summarizes the incidence
of other common post—index MI events.
Red blood cell transfusions were given
in twice as many patients treated with
primary PCI compared with throm-
bolytic therapy. No patient in the
primary PCI group was sent for emer-

gency CABG surgery for a catheteriza-
tion-related or PCl-related complica-
tion, including abrupt closure,
dissection, or coronary perforation due
to a complication at the index hospi-
tal. Two thrombolytic therapy pa-
tients required emergency CABG sur-
gery following elective PCI at a tertiary
center, one because of dissection and
threatened closure and the other be-
cause of coronary perforation. Both did
well without significant sequelae. In ad-
dition, 1 patient in the primary PCI
group required vascular surgery to re-
trieve a dislodged coronary stent from
a peripheral (noncoronary) artery.
The median length of stay for the in-
dex MI (including both community
hospital days and tertiary hospital days,
if the patient was transferred for addi-
tional care) was 4.5 days (IQR, 3-6

]
Table 4. Primary Outcomes: Treatment-Received Analysis*

No. (%)
I'I'hrombolytic Therapy Primary PCII
(n=211) (n=171) P Value

6 Weeks

Death 16 (7.6) 7 (4.1) 15

Recurrent Ml 20 (9.5) 7 4.1) .04

Stroke 8(3.8) 2(1.2 A1

Composite 40 (19.0) 14 (8.2) .003
6 Months

Death 6 (7.6) 9.3 .36

Recurrent Ml 23 (10.9) 8 (4.7) .03

Stroke 8(3.9) 3(1.8) 24

Composite 43 (20.4) 17 (9.9) .005

*Qutcomes in patients who actually received primary percutaneous coronary intervention (PCI) or thrombolytic therapy.

Ml indicates myocardial infarction.

]
Table 5. Other Events Following the Index Myocardial Infarction*

No. (%)
I'I'hrombolytic Therapy Primary PCII
(n = 226) (n = 225) P Value

6 Weeks

Red blood cell transfusion 15 (6.6) 29 (12.9) .03

Nonprotocol catheterization 171 (75.7) (2 8) <.001

Nonprotocol PCI 111 (49.1) 3(19.1) <.001

CABG surgery 42 (18.6) ( .4) .07
6 Months

Red blood cell transfusion 6(7.1) 9(12.9) .04

Nonprotocol catheterization 171 (75.7) 64 (28.4) <.001

Nonprotocol PCI 112 (49.6) 3 (23.6) <.001

CABG surgery 44 (19.5) 30 (18.3) .08

*All analyses are by intention to treat. All procedures in both the thrombolytic and primary percutaneous coronary in-
tervention (PCI) groups were considered “nonprotocol” except for the primary PCI procedure performed in a patient

randomized to primary PCl. CABG indicates coronary artery bypass graft.
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days) in the primary PCI group and 6
days (IQR, 4-8 days) in the thrombo-
lytic therapy group (P=.02). Sixty-
nine percent of the thrombolytic
therapy group was transferred to a ter-
tiary hospital for additional care,
whereas 31% of the primary PCI treat-
ment group was transferred (P=.002).
No patient was transferred to a ter-
tiary facility because of a complication
of primary PCI.

COMMENT

Primary PCI, rather than being simply
a procedure performed by an expert in-
terventionist, is instead a strategy of care
involving a team of health care person-
nel in multiple care areas, including the
emergency department, coronary care
unit, cardiac catheterization labora-
tory, and, ideally, the prehospital trans-
port system. Its development must in-
clude careful, detailed attention to
standards, training, logistics, and qual-
ity and error management in each of
these areas. Seamless integration of care
across these areas is necessary to en-
sure prompt, appropriate, and effica-
cious application of primary PCI. We
believe that the development program
used in this study significantly influ-
enced the quality of care and contrib-
uted importantly to the favorable
outcomes in the primary PCI group,
and may have improved medical care
as well.

Comparison of outcomes among the
Atlantic C-PORT trial, the larger ran-
domized trials, and a meta-analysis of
them is shown in TABLE 6. Primary PCI
was superior to thrombolytic therapy
in our trial, in the 3 largest previously
reported randomized trials,'” and in the
latest meta-analysis of all randomized
trials.* Although the incidence of out-
comes differs among these studies, the
direction of benefit was the same, all
favoring primary PCI. Outcome differ-
ences may be due to a number of
factors, including differences in char-
acteristics of the population studied, dif-
ferences in definitions of outcome, and
differences due to care provided.

Since the Atlantic C-PORT trial was
meant to be a real-world comparison of
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alternative therapies, examining out-
comes in the context of recent acute MI
registry reports is of interest. Of par-
ticular interest are the main outcome
and process indicators of quality of care,
mortality, and time to treatment, re-
spectively.

In a report based on the National
Registry of Myocardial Infarction
(NRMI) database, Magid et al* re-
ported that mortality at discharge of pa-
tients treated with primary PCI was
6.2% at hospitals performing a low vol-
ume of PCI (<16 cases per year), 4.5
% at intermediate-volume hospitals
(17-48 cases per year), and 3.4 % at
high-volume hospitals (>49 cases per
year). Corresponding mortality among
patients treated with thrombolytic
therapy averaged approximately 6% at
all institutions. Primary PCI was supe-
rior to thrombolytic therapy only at hos-
pitals with intermediate and high pro-
cedure volumes. Although overall
mortality in our trial was 5.3% in pa-
tients randomized to primary PCI,
registries report outcomes only for pa-
tients actually undergoing the proce-
dure. For the patients in our trial who
actually underwent attempted pri-
mary PCI, mortality was 4.1%, similar
to the outcomes reported at the high-
and intermediate-volume hospitals
among thrombolytic-eligible pa-
tients.'® Because our patient popula-
tion was small, no clinically meaning-
ful or statistically significant statements
can be made regarding any potential
volume-outcome relationship in hos-
pitals performing primary PCI with-
out on-site cardiac surgery and in the
absence of an elective PCI program.

Comparison of treatment times be-
tween our trial and other randomized
trials is made difficult by the fact that
in other trials, treatment time is usu-
ally measured from the time of ran-
domization, not hospital admission (or
“door”) time. Because time to treat-
ment measured from hospital admis-
sion is an important process indicator
of quality of care and a predictor of out-
come for both thrombolytic therapy and
primary PCI,'* we reported this param-
eter. Our treatment times are best com-
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pared with recently reported registry
data. Median door—to—thrombolytic
therapy time was approximately 40
minutes nationwide in the NRMI re-
port during the years patients were re-
cruited into our study,” while the me-
dian door—to—thrombolytic therapy
time in our study was 46 minutes. The
mean door-to-balloon time was 105.2
minutes in our trial (median, 101.5
minutes), which represents a treat-
ment time at least as good as the aver-
age of 120 minutes reported at the
lowest-mortality (highest-volume) in-
stitutions in the NRMI registry."

Limitations

The original sample size for this trial
was planned to be 2550 (see Methods
section). Because funding could not be
secured for its completion, the study
was terminated after 451 patients were
randomized, making it significantly un-
derpowered. Nevertheless, this trial re-
mains the second-largest prospective,
randomized trial comparing primary
PCI with thrombolytic therapy for treat-
ment of acute MI. It is the only study
performed exclusively in hospitals with-

out on-site cardiac surgery and per-
formed when stents and glycoprotein
IIb/I1a receptor antagonists were widely
available. Thus, despite this limita-
tion, results from the trial are of sig-
nificant interest.

Another potential limitation is selec-
tion bias, which could be introduced by
the concurrently running primary PCI
registry for thrombolytic-ineligible pa-
tients. A physician or institution favor-
ing primary PCI could deem a patient
ineligible for thrombolytic therapy and
perform primary PCI, preventing that
patient from being randomized. This
potential source of bias is an issue for
any trial, including those previously re-
ported. Its influence was minimized in
our trial because thrombolytic-
ineligible patients in our trial were en-
tered into a separate study, then re-
viewed, monitored, and followed up in
the same way as those randomized. On
review, all patients deemed ineligible
for thrombolytics were, in fact, ineli-
gible by conventional criteria.

Another possible source of bias in our
trial is differential recruitment rates
based on time of day. Nationally, the

]
Table 6. Comparisons of Outcomes Among Randomized Trials™

Study
[ ]
Atlantic
C-PORT Weaveretal* PAMI""® Zijlstraetal? GUSTO lib®
Death, %
Primary PCI 5.3 4.4 2.6 0 5.7
Thrombolytic therapy 71 6.5 6.5 6.0 7.0
Recurrent M, %
Primary PCI 4.9 2.8 2.6 0 4.5
Thrombolytic therapy 8.8 5.4 6.5 13.0 6.5
Stroke, %
Primary PCI 1.3 0.7 0 0 1.1t
Thrombolytic therapy 3.5 2.0 3.5 3.0 1.9t
Composite, %t
Primary PCI 10.7 9.6
Thrombolytic therapy 17.7 13.7
Median LOS, d
Primary PCI 4.5 7.6§ e 8
Thrombolytic therapy 6.0 8.4§ - 10
Transfusions, %
Primary PCI 12.9 8.8 3 C 1.3
Thrombolytic therapy 6.6 8.4 8 - 8.9

*PCl indicates primary coronary intervention; MI, myocardial infarction. See the corresponding reference for an

explanation of study abbreviations.
tTotal strokes.

FThe composite outcome in both Atlantic C-PORT and GUSTO llb was death, recurrent MI, and stroke.

§Average length of stay (LOS).
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distribution of emergency department
arrival times for primary PCI patients
differs from that of patients treated with
thrombolytic therapy, also shown in
Table 2. This suggests that there is a ten-
dency to perform primary PCI during
the day (8 AM to 4 pPM), while throm-
bolytic therapy is administered more
evenly throughout the 24-hour pe-
riod. Because of randomization, pri-
mary PCl and thrombolytic therapy had
nearly identical emergency depart-
ment arrival time distributions in our
trial and both were more like the dis-
tribution for primary PCI in high-
volume hospitals recorded in the NRMI
registry® (Table 2). Thus, while itis true
that 62% of our patients were enrolled
during the day, this is not very differ-
ent from what occurs in the real-
world practice of primary PCI, as re-
flected in the NRMI data.

The current standard of practice is to
complete PCl in patients with acute MI,
even if the infarction-related artery is
patent at catheterization. In our study,
PCI was not performed when the in-
farction-related artery was patent and
symptoms and electrocardiographic
signs of myocardial ischemia were re-
solved at the time of catheterization,
consistent with the principle of “first,
do no harm.” The data from our study
do not directly bear on whether pri-
mary PCI should be undertaken in this
particular setting.

Our trial was too small to define any
potential relationship between institu-
tional volume and outcome. Thus,
whether there is an institutional vol-
ume of procedures below which pri-
mary PCI outcomes deteriorate cannot
be determined from these data. Cur-
rently, the literature supports 36 proce-
dures per year as the lowest number that
should be performed by an institution
offering primary PCL.'® However, this
number is gleaned from institutions with
relatively high-volume elective PCI pro-
grams, and its applicability to commu-
nity hospitals performing primary PCI
exclusively is unknown.

Finally, it is important to note that
our results apply only to primary PCI
for patients with acute MI with ST-
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segment elevation or left bundle-
branch block on presenting ECG. They
do not apply to rescue PCI after failed
thrombolysis, to other unstable coro-
nary syndromes such as unstable
angina or MI associated with a nondi-
agnostic ECG, or to elective PCI.

Our study adds to the evidence
suggesting that there is no need for
on-site cardiac surgery to back up pri-
mary PCI. Abrupt closure or dissec-
tion requiring emergency coronary sur-
gery did not occur in our trial and is
extremely rare in primary PCI be-
cause the infarction-related artery is
usually totally occluded from the out-
set. Although coronary perforation re-
mains a possible major iatrogenic ad-
verse event, it did not occur in patients
undergoing primary PCI at the com-
munity hospitals, and its occurrence,
particularly when only balloons and
stents are used, is rare (approximately
0.1%).'" The availability of covered
stents'® may make nonsurgical treat-
ment of many perforations possible.

Our study suggests that access to pri-
mary PCI can be increased by extend-
ing primary PCI capability to hospitals
without on-site cardiac surgery that com-
plete a formal development program.
How many additional primary PCI pro-
grams are needed to provide adequate ac-
cess is an important question that will be
determined locally. The number might
be minimized by development of a sys-
tem of cardiac care on the state or local
level analogous to the trauma system of
care. In such a system, all hospitals would
participate, but there would be a logical
distribution of several levels of service
among institutions tied to an emer-
gency transport system that triages pa-
tients to the appropriate level of care. In-
tegration of destination hospitals with the
emergency transport system could re-
duce treatment time by providing ad-
equate information from the field to as-
semble the primary PCI team before the
patient arrives at the hospital and re-
duce the possibility that the treatment a
patient receives for acute Ml is a matter
of chance and geography.

An alternative to increasing access by
increasing the number of PCI pro-

grams is transfer of patients from hos-
pitals that do not have this capability
to those that do. While this alternative
isin current use, it is limited in its abil-
ity to improve access. Transfer time may
be quite long in both rural and urban
settings, with distance and weather
being a major issue in the former cir-
cumstance, and limited interhospital
transport capacity an important prob-
lem in the latter. Consequently, inter-
hospital transfer is an unreliable method
of minimizing the time between symp-
tom onset and application of therapy
in acute ML

Conclusions

This trial demonstrates that, after an ex-
tensive development program, pri-
mary PCI can be performed safely,
promptly, and effectively in the com-
munity hospital without an elective PCI
or cardiac surgery program. Further-
more, compared with thrombolytic
therapy, primary PCI treatment of pa-
tients with acute MI presenting to such
hospitals is associated with a signifi-
cant and sustained reduction in inci-
dence of the composite adverse out-
come of death, recurrent MI, and stroke.

A number of issues require further re-
search. The primary PCI development
program continues to evolve, focus-
ing now on elements required to sus-
tain good outcomes in the absence of
a monitored trial. Quality and error
management are important elements of
this effort, but mechanisms to provide
accountability and to compare out-
comes with community standards are
likely to be important as well. The re-
lationship between institutional vol-
ume and outcome remains to be estab-
lished in hospitals without on-site
cardiac surgery. The ongoing Atlantic
C-PORT primary PCI registry con-
ducted in community hospitals with-
out elective PCI programs may help to
establish this relationship. Finally, re-
search into how access to primary PCI
is best expanded, taking into consid-
eration the medical, quality-of-life, and
economic consequences of expan-
sion, is important. Such research could
establish a rational basis for adding

©2002 American Medical Association. All rights reserved.



needed capacity without excessive pro-
liferation of programs that can not only
dilute institutional volume but also
strain limited human resources.

We conclude that primary PCl is su-
perior to accelerated thrombolytic
therapy for treatment of acute Ml in the
community hospital setting and that su-
periority is sustained for at least 6
months after index MI. A formal pri-
mary PCI development program is im-
portant in ensuring good outcomes with
this procedure.
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CORRECTIONS

Incorrect Figure Legend and Acknowledgment Omissions: The Original Contri-
bution entitled “Thrombolytic Therapy vs Primary Percutaneous Coronary Inter-
vention for Myocardial Infarction in Patients Presenting to Hospitals Without On-
site Cardiac Surgery: A Randomized Controlled Trial” published in the April 17,
2002, issue of THE JOURNAL (2002;287:1943-1951) contained an error in the leg-
end for Figure 2 (page 1947). The legend should have read, “Survival was signifi-
cantly better (P=.03) in the group receiving percutaneous coronary interven-
tion.” In addition, the following persons were inadvertently omitted from the
acknowledgment: Anil Fatterpaker, MD, and Stephen Plantholt, MD, St Agnes Hos-
pital, Baltimore, Md; Muriel Gulasci, RN, Cape Cod Hospital, Hyannis, Mass; Pa-
tricia Wolcott, RN, Shady Grove Adventist Hospital, Rockville, Md; and Karen Li-
ebermann, RN, Suburban Hospital, Bethesda, Md.

Misspelled Author Name: In the Original Contribution entitled “Preoperative
B-Blocker Use and Mortality and Morbidity Following CABG Surgery in North
America" published in the May 1, 2002, issue of THE JOURNAL (2002;287:2221-
2227), a reference author's name was misspelled in the text and in the reference
list. On page 2224, under “Operative Outcomes," the reference should be to “Fill-
inger et al” (not Fenninger et al). The same spelling applies to the reference on
page 2226 under “Mechanism of Protective Effects of B-Blockade."” Correspond-
ingly, reference 25 in the list on page 2227 should also read “Fillinger."

Incorrect Data: In the Original Contribution entitled “Association of a Woman's
Own Birth Weight With Subsequent Risk for Gestational Diabetes,” published in
the May 15, 2002, issue of THE JOURNAL (2002;287:2534-2541), 2 rate compari-
sons for gestational diabetes mellitus (GDM) were transposed. On page 2540, the
third sentence of the first complete paragraph should read as follows: “We ob-
served interaction between minority status and age, with GDM rates (per 100 first
pregnancies) among minority vs non-Hispanic white women as follows: 0.9 vs 1.3
(age <21 years), 2.9 vs 2.5 (age 21-24 years), 3.2 vs 2.6 (age 25 years or older)
(P for interaction=.04)."
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