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4.1  Introduction

The facilities and expertise required for primary percutaneous coronary intervention 
(PPCI) of the infarct-related artery (IRA) in patients with ST-elevation myocardial 
infarction (STEMI) are only available at a limited number of hospitals. Fibrinolytic 
therapy, on the other hand, is more widely deliverable. This creates two distinct 
reperfusion choices: PPCI or a pharmacoinvasive strategy. The first option relies on 
immediate transfer to the closest PPCI-capable centre even if it means bypassing a 
closer non-PPCI centre. The second option is the “drip and ship” strategy. It involves 
delivery of fibrinolytic therapy by a non-PPCI facility with rapid transfer to a PPCI- 
capable centre.

In patients with ST-elevation myocardial infarction (STEMI), the primary thera-
peutic goal is the prompt restoration of coronary blood flow and myocardial perfu-
sion. This limits the total ischaemic time and, thereby, the extent of the myocardial 
injury. In patients presenting within 12 h of symptom onset, PPCI undertaken within 
120 min of diagnosis is the preferred reperfusion strategy. It leads to higher rates of 
IRA patency and thrombolysis in myocardial infarction (TIMI) 3 flow with lower 
rates of recurrent ischaemia, reinfarction, emergency repeat revascularisation, intra-
cranial haemorrhage and death. This superiority over fibrinolytic therapy was 
observed when the delay to treatment was short and when patients were treated in 
high-volume centres by high-volume operators.

The choice of reperfusion strategy depends mainly on the time delays to treat-
ment (Fig. 4.1), which can be categorised into patient- and system-related delays. 
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Patient delay accounts for the time taken from symptom onset to first medical con-
tact (FMC). The widely accepted definition of FMC is the time of first assessment 
by a healthcare professional who is able to obtain and interpret a 12-lead electrocar-
diogram (ECG) and deliver initial interventions. System delay refers to the time 
from FMC to reperfusion. The time of reperfusion is defined as the commencement 
of fibrinolytic administration or, in the case of primary PCI, initial wire crossing. 
The benefit of fibrinolytic therapy has not been established in the context of patient 
delay >12 h. It could be considered if there is no possibility of PPCI and the patient 
has ongoing symptoms, particularly when there is a large area of myocardium at 
risk or there is haemodynamic instability. When the patient delay is between 12 and 
48  h, a routine PPCI strategy is recommended. There is no role for PCI to an 
occluded IRA when the patient delay is >48 h and there are no ongoing symptoms. 
The task of minimising patient delay rests primarily with public health services. 
Steps to achieving the goal of reduced delay include increasing public awareness of 
common symptoms of myocardial ischaemia and the need for early recognition and 
activation of emergency medical services (EMS). In patients presenting within 12 h 
of symptom onset, anticipated system delay is the key determinant of reperfusion 
strategy (Fig. 4.2). If PPCI can be realistically achieved within 120 min of diagno-
sis, it is clearly preferred to fibrinolytic therapy. On the other hand, a pharmacoin-
vasive strategy should be adopted if the system delay associated with PPCI is 
expected to be >120 min.

The well-established relationship between system delay and mortality led to 
numerous efforts to accelerate the delivery of care. One of the most important 
advances in addressing system delay is the development of STEMI regional net-
works or systems of care, which are designed to enhance rapid recognition of 
STEMI and enable timely reperfusion therapy. Not all hospitals will have the capac-
ity to provide a 24-h PPCI service in any given region. The reasons for this are 
twofold. Firstly, it is neither practical nor cost-effective to have multiple PPCI ser-
vices operating within the same region. It leads to duplication of services, a reduc-
tion in efficiency and possible confusion of EMS regarding the most appropriate 
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destination. In smaller hospitals, a 24-h PPCI roster may not be possible due to 
limited staffing. Secondly, there is a need to maintain high operator and institutional 
case volumes given the link between higher volume and better outcomes. These fac-
tors support a hub-and-spoke model of care. The hub is the PPCI-capable centre and 
the spokes are services that do not have PPCI capability. Each node of the network 
is linked by technology and by a prioritised and efficient EMS. It relies heavily on 
active multidisciplinary collaboration between cardiologists, emergency physicians 
and EMS. A well-organised regional network reduces system delay by using simple 
management algorithms that are locally developed, practical and acceptable to all 
stakeholders.

This chapter will describe the organisation and implementation of STEMI net-
works including the need for ongoing quality control initiatives. A case study is 
presented to highlight key ideas.

4.2  Organisation of a Regional ST-Elevation Myocardial 
Infarction Network

A successful STEMI network requires the close interaction of local services. They 
must be capable of responding to differences in patient presentation and geogra-
phy (Fig. 4.3). For instance, some patients will self-present to a nearby primary 
care service or emergency department (ED), while others will call the EMS. The 
management of these patients will also depend on patient delay and their proxim-
ity to a PPCI service at the time they seek medical attention. The essential 
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components of a network are the EMS, primary care facility or non-PPCI-capable 
centre, ED at a PPCI-capable centre and the cardiac catheterisation laboratory 
(CCL).

4.3  Emergency Medical Service

The EMS has an important role in early management patients with STEMI, which 
has evolved from patient transportation to include expedited initial diagnosis, triage 
and initiation of treatment. Depending upon the geography of the network, transfer 
of patients to a CCL may require a combination of transport modalities including 
road ambulances, helicopters and fixed-wing aeroplanes. The EMS may be staffed 
by suitably trained physicians, nurses or paramedics who are capable of basic and 
advanced life support.

To facilitate early diagnosis, EMS need to be equipped with a 12-lead ECG 
recorder and have trained personnel to acquire and interpret a trace correctly. This 
involves the correct application of leads, operation of the ECG recorder and recog-
nition of different patterns consistent with STEMI or equivalent. Occasionally, 
paramedic interpretation of the ECG is not possible due to lack of training or experi-
ence. In this situation, the diagnosis may be based upon computer algorithm inter-
pretation or physician interpretation of a transmitted ECG.  While the computer 
algorithm output is easy to obtain, it is limited by a higher rate of erroneous inter-
pretations. Wireless transmission and physician interpretation, on the other hand, 
have the highest level of interpretation accuracy and afford the opportunity for early 
physician direction of management. Wireless transmission requires transmitting 
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and receiving technology at both ends as well as an available physician for interpre-
tation at the receiving centre. This system is vulnerable to network and technologic 
failures.

Once the diagnosis has been established, the EMS needs a clear destination pro-
tocol to guide transportation to the most appropriate facility. For example, such 
protocols may authorise EMS units to bypass closer non-PPCI centres and take 
patients directly to a CCL.

Patients with STEMI are at higher risk of fatal arrhythmias such as ventricular 
tachycardia (VT) or ventricular fibrillation (VF). Accordingly, EMS providers must 
have the ability to undertake continuous cardiac rhythm monitoring and administer 
shocks with an external defibrillator.

Even though PPCI is often the preferred reperfusion strategy, rural paramedics, 
in particular, should be qualified to administer fibrinolytic therapy. If the delay asso-
ciated with PPCI is expected to be >120 min, prehospital fibrinolysis is indicated.

4.4  Primary Care Service or Non-primary Percutaneous 
Coronary Intervention Centre

Sometimes patients with chest pain will transport themselves in a private vehicle to 
their local primary care service or the ED at a nearby non-PPCI hospital. These 
facilities are usually capable of recording and interpreting a 12-lead ECG. When a 
STEMI is diagnosed, the EMS should be activated and initial therapy commenced. 
This may include opioids and antithrombotic drugs including fibrinolysis. Yet, in 
comparison to a direct call to the EMS, self-presentation to a non-PPCI-capable 
facility is usually associated with a greater time delay to reperfusion. As such, 
patients with symptoms suggestive of a myocardial infarction should be discour-
aged from transporting themselves to a medical centre, by public health campaigns 
to raise awareness and understanding.

4.5  Emergency Department at a Primary Percutaneous 
Coronary Intervention Centre

The major tasks of an ED at a hospital that is PPCI-capable in patients with STEMI 
relate to diagnosis, initial therapy and immediate transfer to the CCL.

While there may be no doubt about the diagnosis in the majority of patients with 
STEMI brought into the ED by EMS, some may have an ambiguous clinical presen-
tation. In this scenario, the ED staff assess the patient and clarify the diagnosis, in 
consultation with the cardiology service. In others, an alternate diagnosis may be 
found, and the ED physicians redirect patient care accordingly. Infrequently, the ED 
discover significant comorbidities (e.g. terminal cancer) that warrant de-escalation 
of care and adoption of a conservative approach. There are patients who present 
directly to the ED with chest pain. The ED team makes the initial diagnosis of 
STEMI for such patients.
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The two main initial therapies delivered in the ED are symptom relief and anti-
thrombotic therapy. Pain relief is useful to minimise patient discomfort and reduce 
sympathetic activation. Intravenous opioids such as morphine are used for analge-
sia. Routine oxygen is no longer indicated although it should be administered in the 
context of hypoxia (SpO2 < 90%). Patients are loaded with dual antiplatelet therapy 
in the form of aspirin and a P2Y12 inhibitor (clopidogrel, prasugrel or ticagrelor). 
Depending on the local protocol, heparin or enoxaparin may also be given in the 
ED.

In the context of PPCI, the main role of the ED is to facilitate rapid patient trans-
fer to the CCL.  If the CCL is available and ready to receive, the patient should 
bypass ED altogether. However, this approach may not be achievable at all times. 
For instance, the CCL may be occupied by another patient or the on-call CCL team 
may not have arrived at the hospital. In this scenario, the ED performs the function 
of a holding bay until the patient can be transferred to the CCL. While the patient is 
waiting in ED, possible arterial access sites for coronary angiography should be 
prepared and initial blood samples sent to the laboratory for assessment. During this 
time, the patient is carefully observed with continuous cardiac monitoring and defi-
brillator nearby. The routine insertion of central venous or arterial access should be 
avoided as it often unnecessary and delays transfer to the CCL.

4.6  Cardiac Catheterisation Laboratory

The CCL is the final common destination for patients with STEMI within a regional 
network. Each region requires a CCL that is operational at all times even when the 
hospital is at maximum bed occupancy or the ED is closed due to overcapacity. It is 
recommended that each network has a single PPCI centre. There are a number of 
other more complex and less ideal models that may be employed. For instance, in 
some networks there are multiple PPCI centres or rotation of PPCI centre on a daily 
or weekly basis. The most recent European Society of Cardiology guidelines for the 
management of patients with STEMI recommend that any CCL that cannot offer 
24-h service should be discouraged from offering PPCI. It is argued that the pres-
ence of daytime-only PPCI services may lead to confusion of EMS, affect the qual-
ity of intervention and increase system delay. The exception should be for patients 
admitted to those hospitals for a different reason that develop a STEMI during their 
hospital stay. However, this model is refuted by those belonging to networks in 
which alternate arrangements work well. A designated CCL for PPCI within a net-
work should preferably be in a central geographic location within the region. Once 
the patient arrives on site, easy access to the CCL from the ambulance bay, helipad 
and ED enhances rapid transfer. Though patients with STEMI rarely require urgent 
surgical revascularisation, an on-site cardiac surgical facility is an advantage. The 
support provided by dedicated cardiac intensivists and cardiac anaesthetists at surgi-
cal centres is particularly useful when managing critically unwell patients in the 
CCL. The on-call CCL team usually comprises an interventional cardiologist, scrub 
nurse, circulating nurse, cardiac technologist and cardiac radiographer.
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4.7  Implementation of a Regional ST-elevation Myocardial 
Infarction Network

Over the last decade, there have been a number of initiatives around the world to 
develop and implement regional networks with the goal of improving the care of 
patients with STEMI in accordance with current guidelines. For example, in North 
America, the American Heart Association promoted Mission: Lifeline® and the 
American College of Cardiology ran the Door-to-Balloon (D2B): An Alliance for 
Quality campaign. Similarly, in Europe, the Stent for Life Initiative was a combined 
joint program by the European Society of Cardiology. To meet the tight guideline- 
based target times for reperfusion, these initiatives have outlined a number of help-
ful approaches.

Prior to the designing and implementing a regional network, the Stent for Life 
Initiative recommends understanding existing local practice with regard to patients 
with STEMI. This investigation should seek to accurately establish the following 
statistics:

• Rates of STEMI
• Total number of patients with STEMI per annum
• Number and location of PPCI centres
• Ratio of PPCI centres to overall population
• Time taken patients to arrive at a PPCI centre
• Geographic constraints
• Modes of patient transportation
• Existing transportation protocols
• Equipment available on ambulances
• Level of training EMS personnel
• Proportion of the population served by a PPCI centre within a 90-min travel 

window
• Variation in the quality of service within the region
• Number of participating interventional cardiologists
• Number of interventional cardiologists per capita
• Reperfusion rates
• Mortality rate

Using the accumulated data, barriers to the delivery of timely reperfusion ther-
apy can be identified. For instance, some of the commonly reported barriers 
include:

• Insufficient number of 24-h CCLs available for PPCI
• Lack of even geographic distribution of PPCI centres with overconcentration in 

urban areas
• Variation in the management of patients with STEMI throughout the region
• Delayed or inappropriate EMS response (such as non-adherence to the destina-

tion protocol)
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• Inadequately equipped or trained EMS
• Lack of EMS motivation to participate in network plans and protocols
• Commercial bias where there are too many CCL offering 24-h PPCI service
• Lack of quality control initiatives
• Poor public awareness of STEMI symptoms leading to delay in seeking medical 

attention
• Lack of a national registry
• Ineffectual communication and poor collaboration between key stakeholders 

within network

Once local barriers to timely care have been identified, the next step is to define 
realistic objectives and prioritise them. For example, the primary objective may be 
to initially develop a network focussed on a small region. Other possible objectives 
include setting up a quality control and feedback system or increasing public aware-
ness about the symptoms warranting immediate medical attention. With these 
objectives in place, a strategic plan should be developed to realise each of them. 
Such planning has to involve all stakeholders in the networks including medical, 
transportation, industry and political partners.

Over the last decade, as it has become clear that treatment delays are associated 
with worse outcome in patients with STEMI, a number of strategies to minimise 
system delay were examined. Some of the successful approaches that reduce door- 
to- balloon time and thereby system delay are detailed below.

 1. A careful and clear definition of geographic areas of responsibility reduces mis-
understanding between each of the stakeholders in a regional network.

 2. The use of a prehospital 12-lead ECG to activate the CCL while the patient is 
in route to the hospital allows time for the team to arrive and prepare to receive 
the patient in the CCL.

 3. Limiting the number of stops on the patient journey from the community to the 
CCL reduces system delay. At times this will require the EMS to bypass nearby 
non-PPCI hospitals when a diagnosis of STEMI has been made. Likewise, on 
arrival at the appropriate hospital, bypassing the ED and heading straight to the 
CCL saves time. If a prehospital diagnosis was not made, the EMS should await 
the diagnosis in ED and immediately transfer the patient to a PPCI-capable 
hospital if the diagnosis is STEMI.

 4. A discussion of the case and ECG findings by the ED physician with either a 
general cardiologist or interventional cardiologist prior to the activation of CCL 
incurs unnecessary delay. The ideal scenario is that the ED physician diagnoses 
the STEMI and activates the CCL immediately with consultation only when 
there is doubt.

 5. Current laboratory and radiographic results should not be a prerequisite for 
activation of the CCL. Waiting for these results to be available leads to a further 
avoidable delay.

 6. Using a single-call system to activate the CCL saves time. Typically, the call is 
to the hospital switchboard operator who then contacts each member of the 
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CCL team. A return call can be made by the operator to the activating individual 
to confirm that the whole team has been notified. An even better option, if avail-
able, would be a simultaneous automatic activation system. This bypasses the 
operator and delivers the activation message simultaneously to each team 
member.

 7. An expectation that the CCL team be available within 20 min of being paged 
and priority hospital parking during off-hours ensures that CCL staff-related 
delays are avoided. At some centres, the team is expected to be on site through-
out the duration of their on-call period.

 8. The initiation of patient transport from ED to CCL after a set time interval fol-
lowing activation rather than awaiting notification that the CCL team are ready 
was successful at reducing door-to-device time. Another approach is to trans-
port the patient to the CCL when a minimum number of the CCL team arrive. 
Someone must always available to transport patients from ED to CCL. Whatever 
the approach adopted, a direct wireless phone line between an ED staff member 
and a CCL staff member facilitates communication and efficiency of patient 
transfer.

 9. Each regional STEMI network is based on the collaboration of multiple organ-
isations including hospitals, EMS and primary care facilities. The overall suc-
cess of the network relies on the performance of each organisation. This, in 
turn, requires the support of senior management and an organisational culture 
that fosters and sustains change directed at minimising system delays. For those 
dealing with patients with STEMI directly, having a team-based approach from 
ambulance to device and a culture of continuous quality improvement is also 
very useful.

 10. A regular multidisciplinary team review of local data with prompt feedback to 
all involved staff (i.e. EMS, ED and CCL) helps to identify deficiencies in the 
network and prompts continuous quality improvement initiatives. When signifi-
cant delays occur in the care of individual patients, the use of a root cause 
analysis or similar approach helps to prevent recurrences.

4.8  Quality Control

Contemporary guidelines emphasise the importance of robust quality control 
measures within regional STEMI networks. A useful tool to monitor networks 
within a country is a national acute coronary syndrome registry. It can be used 
to ensure that simple quality of care indicators are met and maintained over 
time. The registry should record demographic data, relevant time points for the 
calculation of treatment delays, PPCI penetration, morbidity and mortality. Of 
these parameters, treatment delays are the most straightforward index of qual-
ity to audit. A simple comparison of practices and outcomes across different 
regions and within each region helps to identify outliers. If the continuously 
recorded quality of care indicators fall short of agreed benchmarks, then spe-
cific interventions addressing deficiencies should be devised and implemented 
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to improve the performance of system. The data should be reviewed on a regu-
lar basis (e.g. quarterly). All major stakeholders in the network should receive 
feedback.

4.9  Case Study

The Northern Regional STEMI Network in New Zealand (NZ) includes both the 
Auckland and Northland regions. The Auckland region has a land area of 4894 km2 
and a population of 1,657,200 in June 2017. This represents the highest population 
and second smallest land area of any region of NZ. It also has the largest economy 
in the country. The Northland region has land area of 13,789 km2 and a population 
of 175,500 in June 2017. The public hospitals and other health services in NZ are 
administered by district health boards (DHBs). There are 20 DHBs throughout the 
country and each is governed by a board of up to 11 members. They plan, manage, 
provide and purchase health services for the population of their district. The largely 
urban Auckland region has three DHBs: Auckland DHB (ADHB), Counties 
Manukau DHB (CMDHB) and Waitemata DHB (WDHB). The population of 
Northland is largely rural and is serviced by Northland DHB (NDHB). The 
Northern Regional STEMI Network is comprised of these four DHBs. Each is 
autonomous and has its own protocols for STEMI. The three urban DHBs (ADHB, 
CMDHB and WDHB) have CCLs that provide a PPCI service during standard 
working hours. However, ADHB has the only CCL in the network that offers a 
24-h PPCI service. It is also the only one of the four to have on-site cardiac surgery. 
The NDHB does not have a CCL, and contracts ADHB for all cardiac catheterisa-
tion services. Patients with STEMI residing within the Northland region are trans-
ported to ADHB via helicopter. Within the Auckland region, PPCI within 120 min 
of STEMI diagnosis is feasible in the vast majority of patients. As a result, the 
default reperfusion strategy throughout the region is PPCI. The STEMI protocols 
for patients residing in the Northland region are necessarily more complex. The 
much smaller population of Northland is more widely spread out across a larger 
area. Patients self- presenting to or brought in by EMS to Whangarei Hospital, 
NDHB’s base hospital, receive fibrinolytic therapy unless there is a contraindica-
tion. They are then transferred to ADHB for coronary angiography and PCI as 
indicated. At other smaller hospitals within the NDHB, the anticipated time delay 
to PPCI is considered and discussed with the on-call interventional cardiologist. If 
the delay to PPCI is expected to be over 120 min, fibrinolytic therapy is adminis-
tered, and the patient is transferred to ADHB soon after. Alternately, if the delay is 
calculated by the EMS to be less than 120 min, the local hospital is bypassed, and 
the patient is transferred urgently by helicopter to ADHB for PPCI. In the mean-
time, the on-call CCL team is activated to meet the patient in the CCL on arrival. 
All out-of-hours (5  p.m. to 8  a.m. and weekends; 73% of the week) PPCI for 
patients residing within the Auckland and Northland regions are undertaken in the 
CCL at ADHB.  In a unique collaboration, the four interventional cardiologists 
from WDHB and the three interventional cardiologists from CMDHB join the four 
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interventional cardiologists from ADHB in a network-wide on-call roster. Out-of-
hours there is always one interventional cardiologist on call. The on-call CCL team 
includes a scrub nurse, circulating nurse, cardiac technologist and cardiac radiog-
rapher who are all employed by ADHB and work there during standard working 
hours. The on-call interventional cardiologist can be contacted on a dedicated free 
call number that is diverted to his/her mobile phone. The on-call interventional 
cardiologist or ED physician at ADHB is able to activate the CCL by contacting the 
operator at ADHB. In turn, the operator contacts each individual team member and 
often confirms with the interventional cardiologist that every team member has 
been contacted. There is an expectation that every member of the team, including 
the interventional cardiologist, should arrive within 20 min of the call-out. The 
individual data for all patients treated within the network are entered electronically 
into a national registry known as the All NZ Acute Coronary Syndrome Quality 
Improvement (ANZACS-QI) registry. The data concerning patients with STEMI 
are analysed and presented to stakeholders on a quarterly basis. In addition, regular 
network meetings every 6 weeks provide a forum for the discussion of specific 
concerns as they arise.

4.10  Summary

The management of patients with STEMI is time critical. The choice of reperfusion 
strategy is contingent upon patient and system delay. Primary PCI is preferred over 
a pharmacoinvasive approach when the anticipated system delay is short. While 
public health initiatives help to reduce patient delay, system delay is minimised by 
well-designed effective regional networks or systems of care. These systems rely on 
the collaboration of a number of local services such as the EMS, non-PPCI facilities 
and PPCI hospitals. They lead to better patient outcomes by reducing the time to 
diagnosis and treatment. Within networks, continuous quality control initiatives 
with regular feedback to all stakeholders are vital to maintain standards and improve 
the service.
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