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Over the past 20 years, care for patients with ST-elevation myocardial infarction (STEMI)
has rapidly evolved, not just in terms of how patients are treated, but where patients
are treated. The advent of regional STEMI systems of care has decreased the number of
“eligible but untreated” patients while improving access to primary percutaneous coro-
nary intervention for patients. These regional STEMI systems of care have consistently
demonstrated that rapid transport of STEMI patients is safe and effective, and have
shown marked improvements in a variety of clinical outcomes. However, no two STEMI
systems are alike, and each must be tailored to the unique geographic, political, and
socioeconomic challenges of the region. This article takes an in-depth look at two of the
earliest STEMI systems within the United States: the Minneapolis Heart Institute and the
Los Angeles County STEMI receiving network.
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experienced operators, primary percutane- ~ (STEMI)."? In the early 2000s, multiple European
ous coronary intervention (PCI) is the pre-  trials demonstrated that transferring STEMI
ferred method of reperfusion for patients presenting  patients to PCI-capable hospitals yielded superior

When performed in a timely manner by  with ST-segment elevation myocardial infarction
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A Decade of Progress in Regional STEMI Systems of Care continued

outcomes compared with fibrinoly-
sis at non-PCI capable hospitals.*®
However, there were doubts as to
whether these results could be rep-
licated within the construct of the
US healthcare system.® Although
the trial was small and underpow-
ered, the only US STEMI transfer
trial (Air Primary Angioplasty in
Myocardial Infarction) reported
a total median door-to-balloon
(D2B) time of 155 minutes with

equivocal results when compared
with European trials.”

In 2003, the Minneapolis
Heart  Institute  (MHI) at
Abbott Northwestern Hospital

(Minneapolis, MN) initiated one
of the first regional STEMI sys-
tems in the United States. The sys-
tem was modeled after successful
regional trauma systems and based
on preliminary results from the
Danish Trial in Acute Myocardial

Infarction-2 (DANAMI-2), with
the premise that prompt diagno-
sis and a streamlined process with
a standardized care protocol is
fundamental to the implementa-
tion of a successful STEMI sys-
tem within the United States.>®’
The MHI system functioned as a
“wheel-and-spoke” model, with
MHI at the center of the system
(Figure 1). Referral hospitals and
clinics within a 60-mile radius of

Figure 1. Minneapolis Heart Institute ST- segment elevation myocardial infarction receiving system of care.
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MHI were designated as Zone 1,
with a standardized protocol that
included evidence-based adjunc-
tive medications (aspirin, clopi-
dogrel, weight-based intravenous
heparin loading dose, and intra-
venous [-blockers), together with
a prespecified transfer plan for
each site. Transfer times within a
60-mile radius were felt to be short
enough to allow primary PCI to
be performed within 90 minutes
of presentation in these patients.
The regional STEMI system grew
quickly and was expanded to a
broader geographic area, Zone 2,
which included referral hospitals
within a 60- to 210-mile radius

impact depend on a variety of fac-
tors. In addition, the issue of false-
positive catheterization laboratory
activation is a vexing problem in
many US regions, though rates
of false-positive STEMIs in the
MHI system remain low.*" In the
MHI system, the STEMI team is
activated with a single phone call
based on the review and interpre-
tation of the initial provider, which
includes a variety of professionals
(doctors, mid-level providers, and
emergency medical services [EMS])
with various areas of expertise (eg,
emergency medicine, general inter-
nal medicine, family practice). All
providers are trained, and prompt

We demonstrated safe and effective rapid transport of STEMI
patients and achieved unequivocal improvements in several key
outcomes, including death, reinfarction, stroke, and length of

hospital stay.

using a similar standardized pro-
tocol with the addition of onsite
half-dose intravenous tenecteplase
followed by immediate transfer to
MHI for pharmacoinvasive PCI.>"
Given the longer distances (and
thus, longer transfer times), we
believed initiating reperfusion at
the referral hospital would improve
outcomes. Implementation of this
complex regional STEMI system
of care increased access to primary
PCI for patients who would other-
wise be ineligible due to geographic
constraints or medical comorbidi-
ties.'’> We demonstrated safe and
effective rapid transport of STEMI
patients and achieved unequivo-
cal improvements in several key
outcomes, including death, rein-
farction, stroke, and length of hos-
pital stay.”** Although these results
demonstrate remarkable progress
in the care of STEMI patients, sig-
nificant challenges remain.”" In
particular, patients transferred
from non-PCI centers continue to
experience delays, although the
frequency, magnitude, and clinical

and consistent feedback is empha-
sized. There is no mechanism for
transmission or over-reading of the
electrocardiogram (ECG), although

aprovider is able to request cardiol-
ogy input if needed, which occurs
in fewer than 5% of cases. STEMI
activations are only cancelled if
contraindications to cardiac cath-
eterization become evident after
activations (eg, severe hyperkale-
mia, anemia/bleeding diathesis,
goals of care). With in this system,
the rates of false-positive activation
(as [1] no culprit lesion on cardiac
catheterization, and [2] negative
cardiac enzymes) is 9.2%." Other
systems may vary depending on
the definition of false-positive, but
have reported rates as high as 40%
to 60%."°'® Common reasons for
cancellation at Los Angeles (LA)
County STEMI receiving center are
shown in Figure 2."

Shortly after the creation of the
MHI STEMI network, LA County
began formulating its unique net-
work of STEMI receiving centers
(SRCs)—hospitals that provide pri-
mary PCI around the clock and also
accept STEMI patientseven when the
hospital’s Emergency Department is

Figure 2. ST-segment elevation myocardial infarction (STEMI) cardiac catheterization laboratory activations
that were not taken emergently for cardiac catheterization labeled according to the reasons for cancellation.
Cath, catheterization; PHECG, prehospital electrocardiogram.
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A Decade of Progress in Regional STEMI Systems of Care continued

on diversion because of overcrowd-
ing. The creation of the LA County
SRC network was precipitated by
a convergence of events, includ-
ing the 2004 American College of
Cardiology (ACC)/American Heart
Association (AHA) STEMI guide-
lines, which established the bench-
mark goal for D2B time of = 90
minutes and the 2006 ACC D2B
Alliance.”® With regulatory author-
ity over all 25 EMS providers and
2500 paramedics in the region, the
LA County EMS Agency built a con-
sensus among diverse stakeholders
and implemented a 2006 policy in
which any STEMI patient identified
before reaching the hospital was
preferentially transported to the
nearest designated SRC, even if this
required bypassing a closer non-PCI
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Figure 4. Rate of D2B time = 90 minutes in US ST-segment elevation myocardial infarction receiving networks,
2009. Atl, Atlanta, Georgia; Cha, Charlotte, North Carolina; D2B, door-to-balloon; LAC, Los Angeles County,
California; Mar, Marin County, California; Med, Medford, Oregon; MSP, Minneapolis/St. Paul, Minnesota;
OC, Orange County, California; Roy, Royal Oak, Michigan; SDC, San Diego County, California; Ven, Ventura

County, California. Reprinted with permission from Rokos IC et al.?

hospital), LA County pioneered
the integration of the prehospital
ECG (PHECG) into the EMS care

To effectively triage patients to the appropriate hospital (SRC vs
closest available hospital), LA County pioneered the prehospital
ECG (PHECG) into the EMS care plan, with the PHECG computer
interpretation determining patient triage and destination.

hospital (Figure 3).*' To effectively
triage patients to the appropriate
hospital (SRC vs closest available

plan, with the PHECG computer
interpretation determining patient
triage and destination. This system

Figure 3. Los Angeles County and Orange County ST-segment elevation myocardial infarction receiving center
network. Image courtesy of the Los Angeles County Emergency Medical Services Agency.
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improved D2B times throughout
LA County, and promptly exceeded
national standards set forth by the
D2B Alliance much sooner than
comparable large urban centers.
(Figures 4 and 5).

Although the MHI STEMI
network was established as a
wheel-and-spoke model,* with a
single central hub (MHI), the unique
geography,  population  density,
and political climate of LA County
demanded a different model, with
multiple hubs strategically located
throughout LA County. In essence,
MHI focused initially on an inter-
hospital transfer model, whereas LA
County focused on a prehospital tri-
age model.* Ultimately, both loca-
tions implemented models to create a
comprehensive network across their
patient service area. Moreover, both
systems layered a system for manage-
ment of patients with out-of-hospital
cardiac arrest in conjunction with
their existing STEMI network.

After early success in 2006, LA
County faced several serious chal-
lenges. Four years elapsed before
an interhospital transfer network
was successfully established. This
process required gradual efforts
that encouraged each SRC to part-
ner with surrounding nonaffili-
ated non-PCI hospitals, as well as
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Figure 5. Rate of door-to-balloon (D2B) time = 90 minutes in Los Angeles County ST-segment elevation myo-
cardial infarction (STEMI) receiving network before STEMI Receiving Center (SRC) network implementation
(green) and immediately after implementation (bl/ue). Reprinted with permission from Rokos IC et al.??

solving the issue of slow interhospi-
tal transport by private ambulance.
Consequently, LA County pio-
neered the “call 9-1-1” interhospital
transfer process in which the local
EMS providers were dispatched to
the non-PCI hospital Emergency
Department to transport a STEMI
patient to the nearest SRC.** A sec-
ond challenge for LA County has
been false-positive or inappropri-
ate cardiac catheterization labora-
tory (CCL) activations due to errors
in interpreting the PHECG. Yet
another issue relates to Emergency
Department bypass at the SRC for
obvious STEMI cases identified
by PHECG. Unlike the 24-hour
CCL staffing at MHI, most LA
County SRCs do not have a CCL
team in house after hours (nights,

of stay, vascular complications,
and in-hospital mortality did not
differ between off-hours and on-
hours STEMI activations.** We
hope that continued advancements
in digital technology will allow
faster and more reliable PHECG
transmission ~ with  immediate
front-line physician review, which
should significantly reduce inap-
propriate CCL activation while
concurrently  allowing  earlier
appropriate CCL activation (and
potential Emergency Department
bypass) for patients with unequivo-
cal STEMI on PHECG.

The successes and challenges
encountered by both MHI and
LA County systems emphasize
that no two STEMI programs
are alike. Each US region has

The fundamental task for successful regional STEMI systems of
care is to match the individual STEMI patient with an appropriate
hospital or treatment center able to provide the highest and most
definitive quality of care (eg, primary PCI).

weekends, or holidays); thus,
STEMI patients may be delayed
in the Emergency Department
after hours. Perhaps related to the
issue of in-house versus on-call
from home STEMI teams, off-
hours STEMI activations in the
LA County STEMI network had
longer D2B times; however, length

unique  geographic,  political,
and socioeconomic challenges,
which form complex interactions
within the health care system. The
fundamental task for successful
regional STEMI systems of care
is to match the individual STEMI
patient with an appropriate hospital
or treatment center able to provide

the highest and most definitive
quality of care (eg, primary PCI).
Each system requires construc-
tion and refinement tailored to the
unique geographic, political, and
social needs of regional STEMI
systems and, therefore, has led to
changes in the ACC/AHA guide-
lines for STEMI patients. Current
guidelines assign a class I, level of
evidence B recommendation that
“all communities should create
and maintain a regional system of
STEMI care.” The same recom-
mendation level is given to 12-lead
ECG performance by EMS person-
nel.! Additionally, these systems
have provided the impetus for
nationwide programs such as the
AHA'’s Mission: Lifeline.

Although we are proud of the
accomplishments contributed by
the development and implementa-
tion of SRCs in LA County, MHI,
and elsewhere, our work is not
complete and challenges await res-
olution. The successful STEMI
systems of care model is now being
applied to other acute cardiovascu-
lar emergencies such as stroke,
out-of-hospital cardiac arrest, acute
aortic dissection, and massive
pulmonary embolism.>> We are
confident that the continued efforts
of dedicated individuals and com-
munities will further refine,
expand, and improve these robust
SRC networks. [ ]
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infarction (STEMI).

* The Minneapolis Heart Institute (MHI; Minneapolis, MN) initiated one of the first regional STEMI systems in
the United States, and was modeled after successful regional trauma systems and based on preliminary results
from a Danish trial, with the premise that prompt diagnosis and a streamlined process with a standardized care
protocol was fundamental to the implementation of a successful STEMI system within the United States.

e Shortly after the creation of the MHI STEMI network, Los Angeles (LA) County began formulating its unique
network of STEMI receiving centers—hospitals that provide primary PCl around the clock and also accept
STEMI patients even when the hospital’s Emergency Department is on diversion because of overcrowding.

e Although the MHI STEMI network was established as a wheel-and-spoke model, with a single central hub, the
unique geography, population density, and political climate of LA County demanded a different model, with
multiple hubs strategically located throughout LA County. MHI focused initially on an interhospital transfer

model, whereas LA County focused on a prehospital triage model.

e Continued advancements in digital technology will allow faster and more reliable prehospital
electrocardiogram (PHECG) transmission with immediate front-line physician review, which should significantly
reduce inappropriate cardiac catheterization laboratory (CCL) activation while concurrently allowing earlier
appropriate CCL activation (and potential Emergency Department bypass) for patients with unequivocal STEMI

on PHECG.
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