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Abstract 

Background 

ST-segment elevation myocardial infarction (STEMI) is a high-risk clinical scenario within 

the acute coronary syndrome spectrum. It is associated with poor clinical outcomes, 

particularly if acute reperfusion and appropriate care protocols are not initiated in a timely 

fashion. Consequently, optimal STEMI management represents a significant challenge to 

modern health-care provision.  

 

Aims 

This thesis intends to provide insight into contemporary, optimal STEMI management, with a 

specific focus on documented quality indicators. 

 

Methods 

Chapter 1 is a discussion of the modern approach to STEMI management. We explored 

particularly how primary percutaneous coronary intervention (PCI) and thrombolysis are 

integrated as acute reperfusion options into systems of care. Chapter 2 comprises a systematic 

review concerning the evolving use of pre-hospital electrocardiograph (ECG) technology in 

improving reperfusion times and clinical outcomes, with specific consideration as to how this 

may be used in pathways of care. In Chapter 3, a four-year study of reperfusion-eligible 

patients presenting to Dunedin Hospital between 2004 and 2008 was performed. Morbidity 

and mortality outcomes were assessed with one-year follow-up. Cases were analysed by age, 

gender, and hour of presentation to observe any effect these factors had on quality of care and 

clinical outcomes. 

 

Results 

Eighteen studies describing the use of pre-hospital ECG in improving door to balloon times or 

mortality outcomes were identified after a systematic literature search. While these studies 

were generally small and methodologically represented lower level evidence, they appeared to 

support the utility of this evolving technology in newer models of care to significantly reduce 

reperfusion times; however, there were limited reported data on mortality or changes in other 

outcomes. Variable approaches to pre-hospital ECG use, reporting of outcomes, and study 

quality precluded formal quantitative meta-analysis. 
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A four-year review of Dunedin Hospital STEMI care identified a cohort ranging between 60 

to 79 cases each year. There was a significant increase in the use of primary PCI across the 

years 2004–2008 (12.9% to 81.0%, p<0.001), with an accompanying reduction in the use of 

thrombolytic (lytic) drugs and non-use of acute reperfusion. Apart from an increase in the use 

of evidence-based therapies, no other significant changes were identified over the study 

period. In-hospital mortality ranged from 3.3% to 9.7% (p=0.511); at one year this ranged 

from 5.0% to 19.6% (p=0.125), and unadjusted for differing baseline characteristics did not 

differ between lytic or primary PCI therapy. Rates of bleeding were notably high, particularly 

in patients receiving thrombolysis. Older patients fared worse in many clinical outcomes 

assessed, as did women. Out-of-hours presentation was not observed to be associated with 

differences in institutional performance or clinical outcomes.  

 

Conclusions 

The systematic review of pre-hospital ECGs supports use in improving reperfusion times, and 

potentially as a means to facilitate regional cardiac networks. There remain some uncertainties 

about the specifics of technology, implementation, and cost effectiveness. It is technology that 

is potentially rapidly evolving and advancing, but already appears to be practicable with well-

described examples of implementation reducing reperfusion times. Larger studies will be 

required to demonstrate ability to improve hard clinical outcomes. 

 

Review of real-world outcomes at this institution indicates results latterly consistent with 

benchmarks of international trial and registry data. That there were no differences in mortality 

between thrombolysis and primary PCI supports the mixed-strategy approach, assuming 

continued allowance for the individual patient context. Identification of potential unequal 

provision of care due to age or gender provides potential targets for future quality 

improvement initiatives.  
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Chapter 1: General Introduction to Optimal ST-Segment  

Elevation Myocardial Infarction Management 

1.1 ST-segment elevation myocardial infarction within the spectrum of 

acute coronary syndromes 

1.1.1 Pathophysiology 

An acute myocardial infarction usually occurs due to the disruption of epicardial blood flow 

to the heart muscle because of vulnerable coronary plaque rupture or erosion and subsequent 

occlusive thrombus formation. If oxygen supply to the heart muscle is disrupted for a 

prolonged period of time, cardiomyocyte ischaemia and necrosis will result (1-3). During an 

acute transmural infarct (i.e. extending the full thickness of the myocardium) there is total 

coronary occlusion, usually due to plaque fissuring, rupture and consequent thrombosis (4). It 

is this process that makes urgent revascularisation by mechanical or pharmacological means 

the appropriate course of treatment for this subset of emergent myocardial infarction. 

 

The clinical diagnosis of acute myocardial infarction has been adjusted in recent years to 

include any amount of myocardial necrosis, based on sensitive assays of cardiac troponin 

enzymes, together with electrocardiographic and clinical evidence (5). The rise and fall of 

biochemical markers such as cardiac troponins T and I or creatine phosphokinase-MB signify 

acute damage to myocardial cells, but do not necessarily indicate the underlying pathology 

(6). Similarly, electrocardiographic changes can identify myocardial ischaemia, but not 

necessarily myocyte necrosis (5). Thus to define an acute myocardial infarction requires the 

presence of serial biochemical changes with a rise and fall of biomarkers, ischaemic 

symptoms and changes on the electrocardiogram that represent cardiac cell death due to 

protracted ischaemia.  

 

ST-segment elevation myocardial infarction (STEMI) is a clinical subset in the acute coronary 

syndrome (ACS) spectrum, which also includes non-ST-segment elevation myocardial 

infarction (NSTEMI) and unstable angina (UA) (7, 8). Whereas NSTEMI and UA are defined 

by evidence of electrocardiographic ST-segment depression or T-wave changes and/or 

positive biochemical markers (at least in the case of NSTEMI), the diagnosis of STEMI also 
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requires ST-segment elevation !2 mm in chest leads V1-3 or !1 mm in 2 contiguous leads, or 

presumed new left bundle branch block (LBBB) (9). In the context of myocardial infarction, 

ST-segment elevation on the electrocardiogram signifies damage to the cardiac myocytes with 

cellular polarisation and the development of an ‘injury current’ (10). STEMI is a distinct 

clinical entity with an extensive scientific evidence base for indicated treatment, 

prognostication, and with numerous implications for the subsequent structure of care. 

 

1.1.2 Clinical presentation 

The clinical presentation of these pathologic processes can be extremely variable. Symptoms 

of myocardial ischaemia and infarction can include various combinations of chest, arm, and 

jaw or epigastric discomfort. Often this will be associated with shortness of breath, sweating, 

nausea or syncope (11).  

 

Although chest pain is often considered the hallmark symptom of an acute coronary 

syndrome, one large prospective observational study in the United States showed that up to a 

third of patients with an acute myocardial infarction will present without chest pain (12). On 

multivariate logistic regression analysis absence of typical ischaemic chest pain was shown to 

be among the highest predictors of mortality, at least some of which was attributed to later 

administration of adjunctive pharmacologic therapies. In the Global Registry of Acute 

Coronary Events (GRACE) study, 8.4% of all patients presenting with an acute coronary 

syndrome reported atypical symptoms (13). These patients were likely to be older, female, 

hypertensive and diabetic, and to have a history of heart failure. The subsequent treatment and 

prognosis of these patients was also shown to be suboptimal. Data such as these have 

important implications when ensuring optimal systems of care in the real-world setting.   

 

1.1.3 Epidemiology 

Coronary heart disease (CHD) and the manifestations of acute coronary syndromes represent 

a major burden of disease on a world-wide scale. In 2004 ischaemic heart disease was the 

leading cause of death in the world, accounting for 12.2% of all cause mortality. It accounted 

for 16.3% of all cause mortality in high income countries, 13.9% in middle income countries 

and 9.4% of all deaths in low income countries (14). Nationally, coronary disease is a 

significant burden on the New Zealand health sector. In data available from the year 2000, 



3 

 

CHD accounted for 22% of all deaths in New Zealand (15). This equates to 3,269 males and 

2,704 female absolute deaths for the year. Male death rates were higher than female rates, and 

in all age groups CHD death rates were the highest for Maori, followed by Pacific people. At 

the turn of this century sixteen New Zealanders died each day from CHD, which equates to 

one every 90 minutes.  

 

International data available reflect these statistics. European records from the latter half of this 

decade suggests that the annual incidence of any acute myocardial infarct varied from 90 – 

312 per 100,000 inhabitants per year across the continent (16). For cases of STEMI alone, the 

incidence of hospital admissions across Europe ranged from 44 – 142 per 100,000 inhabitants 

per year. In the United States, CHD caused approximately one in six deaths in 2006. It is 

estimated that in 2010, 785,000 people in the United States alone will have a new coronary 

event, and approximately 470,000 will have a recurrent event. Roughly every 25 seconds an 

American will experience a coronary event, and someone will die as a result of one 

approximately every minute (17). In spite of this, there is global evidence that the incidence 

and mortality from myocardial infarction has been decreasing over recent time; with the 

possibility that the increased ability to diagnose myocardial infarction has been confounding 

data that shows rates of acute myocardial infarction remaining steady (18-21).  

 

When considering the contribution acute myocardial infarction is making to local CHD data, 

we can observe that hospital discharges more than doubled between 1989 and 2002/2003 in 

New Zealand: from 5496 to 11,454 events (22). This is an average increase of 4% per year 

from 1989 to 1999/2000, then by 17% per year to 2002/2003. This late peak is likely 

attributable in part to the changing definition of acute myocardial infarction to include more 

sensitive markers of myocyte necrosis (5). It is not known how many of these hospital 

admissions were for STEMI, although a nationwide two week audit of all ACS admissions in 

2002 reported STEMI admissions in New Zealand as 26% of all acute myocardial infarction 

presentations (23). In a repeat exercise in 2007 this number fell to 17%, which is likely a 

function of the limited period of data collection and a lower margin for a positive troponin 

result signifying NSTEMI in 2007 compared to 2002 (24).  

 

Both of the aforementioned national audits identified significant deficiencies in the processes 

of care for acute coronary syndromes in New Zealand, and conclude that there is a real need 



4 

 

for a comprehensive national strategy to improve the standards of care. In particular there was 

limited access to contemporary invasive management strategies such as percutaneous 

coronary intervention (PCI), and considerable scope for improvement in the use of evidence-

based pharmacologic therapy. Indeed, 59% of all STEMI and NSTEMI patients in 2007 

received neither an angiogram nor echocardiography to assess left ventricular function, an 

important prognostic tool (24). In particular, rates of invasive management were shown to be 

suboptimal when compared to similar audit data from Australia, Europe and the United States 

of America (see Section 1.4 Contemporary shortcomings in care provision).  

 

1.1.4 Differentials in care and relative prognosis 

Patients presenting with an acute STEMI have a different urgency of revascularisation 

compared to NSTEMI, a reflection of the severity of acute ischaemic injury causing 

immediate necrosis (7, 9, 25). Whilst an urgent, early invasive or thrombolytic reperfusion 

strategy is central to the treatment of acute STEMI, this is not the preferred strategy of 

NSTEMI, unless certain high-risk features are present (7).  

 

When considering absolute rates of in-hospital mortality amongst the two subsets of 

myocardial infarction, two large, multi-national registries have shown short-term (inpatient 

and 30-day) mortality rates for STEMI to be significantly higher than for NSTEMI. In the 

expanded GRACE audit, in-hospital mortality was 6.2%% and 2.9%, respectively (26). 

Similarly in the Euro Heart Survey of Acute Coronary Syndromes, in-hospital mortality was 

recorded as 7.0% for ST elevation acute coronary syndrome and 2.4% for non-ST-elevation 

acute coronary syndrome (27). Other registry data however suggest a similar long-term 

outcome, for example a nationwide French prospective cohort study showed STEMI and 

NSTEMI to have comparable in-hospital and long term prognoses, with similar independent 

predictors of adverse outcomes (28). Whilst patients presenting with NSTEMI had different 

baseline characteristics and a more adverse risk profile than those admitted with STEMI, the 

data suggested under-treatment in regards to reperfusion therapy and in secondary prevention, 

and the authors reported evidence that NSTEMI fared worse in terms of optimal, evidence-

based therapies.  

 

Despite these short-term trends, reporting of long-term mortality in acute myocardial 

infarction does afford a slightly different clinical picture. Reports such as the recent 
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retrospective study by Chan et al. (29) suggest that in the setting of early catheterisation for 

acute myocardial infarction, while STEMI has a higher early mortality (0-2 months), 

mortality in this study remained consistently lower through eight years of follow-up when 

compared to NSTEMI. Possible reasons given for this phenomenon in the report were the 

proven rates of suboptimal guideline-based care of NSTEMI; the tendency for more severe 

and extensive coronary artery disease in NSTEMI when compared to STEMI; and the 

comparable effect of early intervention on reducing NSTEMI mortality. A report from the 

National Registry of Myocardial Infarction (NRMI)-4 registry in the United States reflected 

the trend noted in the numerous reports comparing NSTEMI and STEMI, with demonstrable 

inferior use of guideline medications and lifestyle modification therapies in the setting of 

NSTEMI (30).   

 

With proven differentials in care across the spectrum of acute myocardial infarction, it can be 

difficult to delineate which, if any, of the clinical subsets constitute a worse prognosis. The 

studies indicated above tend to suggest a worse short term prognosis for STEMI, but this is 

less clear when considering longer-term outcomes. What is established is that acute 

myocardial infarction represents a high-risk clinical emergency with a correspondingly poor 

prognosis, particularly when coupled with treatment delays or suboptimal interventions. In the 

case of STEMI, there are well-published and validated paradigms for achieving epicardial 

reperfusion in a timely manner, which greatly improve on the natural prognosis. In this thesis 

we are particularly interested in these treatment concepts; both in terms of the real-world 

setting and in the modifiable aspects of STEMI care, with the aim of improving short- and 

long-term prognoses.   

 

 

1.2 Treatment options 

The treatment of STEMI is focussed primarily on achieving prompt and sustained coronary 

reperfusion, minimising myocyte necrosis and the prevention of subsequent reinfarction. 

Once the acute causes of infarction have been addressed it is also important to consider 

secondary prevention of cardiac risk factors and lifestyle modification to reduce the impact of 

subsequent CHD. When deciding how best to manage an acute STEMI there are three 

strategies which must be considered and evaluated, with particular thought given to the 
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individual patient characteristics, the context of symptom onset and the specific institutional 

capabilities and logistics. These three approaches are pharmacological thrombolytic (lytic) 

drug therapy, invasive percutaneous coronary intervention (PCI) or the more conservative 

supportive medical management.  

 

1.2.1 Thrombolysis 

Lytic drugs work by converting plasminogen to plasmin, which then acts to break down 

fibrin, a major structural component of an occlusive coronary thrombus (31). A number of 

agents have been developed for acute administration in myocardial infarction, including the 

fibrin non-specific agents streptokinase (SK) or urokinase, and newer drugs such as 

recombinant tissue-type plasminogen activator (rt-PA), reteplase (rPA) or tenecteplase (TNK-

tPA).  Early reports of the use of streptokinase in acute myocardial infarction appeared in the 

literature as early as 1958 (32); when 33 randomised controlled trials dating from 1959 were 

pooled in a report published in 1985 a conclusive benefit in mortality was proven with 

thrombolysis (33). This cleared previous controversy surrounding lytic use, as a number of 

small studies had previously shown no benefit or even a trend towards harm. These early data 

served to advance the introduction of the reperfusion era; with the understanding that lytic 

therapy offered improvements in outcomes the onus moved to quantifying this benefit in 

larger trials and integrating reperfusion protocols into pathways of care.  

 

The late 1980s and early 1990s saw an exponential increase in the literature supporting lytic 

therapy as the optimal standard of acute STEMI care in terms of mortality and morbidity 

benefit. A large analysis by the Fibrinolytic Therapy Trialists’ Collaborative Group (FTT 

group), combining all randomised studies with more than 1000 patients, showed conclusive 

benefit with lytic use in terms of mortality (34). The statistical analysis summarising the nine 

included studies showed a reduction in mortality when treatment was initiated within 0 to 6 

hours of about 30 deaths per 1000, and about 20 deaths prevented per 1000 when started 

between 6 and 12 hours from symptom onset. A similar study by Boersma et al. (35) showed 

an even greater mortality benefit, with an estimated 65 per 1000 lives saved if treatment was 

initiated within one hour. This systematic analysis differed in that it included all randomised 

studies with greater than 100 treated patients, involving 22 studies in total. It also contested 

the gradual linearity of the reperfusion time and mortality relationship demonstrated by the 

FTT group (see Section 1.2.5 Prehospital thrombolytics). The use of lytic therapy has also 
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been implicated in an improvement of left ventricular ejection fraction post myocardial 

infarction, when compared to placebo controls (36).  

 

As indicated above, there was also progression in the specific pharmacology and properties of 

the available drug regimens. While the details of the evolution of lytic therapy is extensive 

and largely beyond the scope of this thesis, the shift away from SK use towards more fibrin-

specific agents such as rt-PA is notable. The Thrombolysis in Myocardial Infarction (TIMI) 

trial showed an increase in rates of reperfusion when rt-PA use was compared to SK, with 

comparable rates of re-occlusion and bleeding events (37). Similarly the Global Utilization of 

Streptokinase and Tissue-Type Plasminogen Activator for Occluded Arteries (GUSTO) trial 

proved a reduced 30-day mortality rate when comparing the use of t-PA and SK, a study 

spanning 15 countries and over 41,000 cases (38). These data are further conclusively 

supported by a published systematic review (39).  

 

While the aforementioned collaborative review of thrombolysis compared to placebo 

concluded a statistically significant survival benefit in the longer term (34), it also 

characterised an early excess of mortality and strokes in the early phase (days 0-1) of lytic 

use. The inherent pharmacology of lytic agents predisposes their use to a number of well-

documented side effects. The most common of these, as recognised in the New Zealand 

STEMI guidelines (9) is an approximately 10% occurrence of hypotension with the use of 

SK, as it is a potent vasodilator. Also specific to SK use is the creation of antibodies, which 

creates the possibility of an anaphylactic reaction to drug therapy. Both SK and the fibrin-

specific tPA can cause severe, life-threatening bleeding events in about 1% of cases (40), 

which is why previous intracranial haemorrhage, recent bleeding or recent major surgery 

stands as an absolute contraindication to their use. While SK is cheaper than tPA, because of 

its known side-effects and its inferiority to the later generation drugs tPA remains the 

preferred lytic agent in New Zealand.  

 

Another consideration that must be made is the potential for the occluded artery to fail to open 

post-thrombolysis. Evidence suggests this can occur in up to 40% of cases, even with the use 

of modern fibrin-specific agents (41). The clinical manifestations of failed thrombolysis will 

often present as ongoing ischaemic symptoms, failure of the ST-segment changes to resolve 

on electrocardiograph (ECG), or as further haemodynamic instability. Management options 
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that have previously been considered in this event are repeat thrombolysis, conservative 

medical therapy or invasive mechanical intervention (i.e. ‘rescue PCI’). The Rescue 

Angioplasty Versus Conservative Treatment or Repeat Thrombolysis (REACT) trial 

randomised patients with failed lytic therapy to one of these three treatments (42). The 

primary composite end-point was either a major cardiac or cerebrovascular event at one year; 

with mortality at a median of 4.4 years reported subsequently (43). With rescue PCI, survival 

free of the composite end-point was reported as 81.5% at one year, compared to 64.1% and 

67.5%  with repeat thrombolysis and conservative therapy, respectively (p=0.004). Longer-

term mortality rates were 11.2%, 22.3% and 22.4% (p=0.026), respectively. Rescue PCI is 

also supported by two meta-analyses (44, 45); although there has been the suggestion that the 

benefit of this approach is tempered by a marginal increase in the event of thromboembolic 

events when compared to conservative management (45). The New Zealand guidelines 

support the use of rescue PCI in the event of failed lytic therapy (9).  

 

1.2.2 Primary PCI 

Primary PCI involves direct access of the coronary arterial system via a catheter introduced 

into a peripheral artery (usually either femoral or radial access). The infarct-related artery 

(IRA) is then mechanically opened by means of a balloon or other device that restores patency 

to the occluded artery. To be classified as primary intervention infers that there was no use of 

lytic drugs prior to initiation of the PCI procedure (see Section 1.2.5 Facilitated PCI).  

 

The first successful coronary angioplasty procedure in humans took place in Zurich in 1977, 

performed by the German cardiologist Andreas Grüntzig (46). This was followed by the first 

coronary stent implantation in 1986 by Puel and Sigwart (47), where a self-expanding mesh 

device was introduced to restore and maintain patency of the IRA. These early forays into 

coronary stenting were marked by significant rates of early thrombotic occlusion and reports 

of bleeding complications (48). A later meta-analysis of 29 randomised trials found that while 

routine stenting was associated with a significant reduction in re-stenosis rates when 

compared to balloon angioplasty, there were no proven benefits in rates of mortality or 

myocardial infarction (49). The main advantage of stenting, however, was a significant 

reduction of ‘abrupt closure’ with the mechanical stent scaffold, thereby preventing a 

potentially very serious post-procedure complication, and the ability to achieve a reliable 

post-procedure angiographic outcome of more complex anatomy compared to balloon-only 
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angioplasty. These practical advantages and data heralded the modern era of percutaneous 

intervention; whereby the focus has now turned to improving pharmacologic regimens and 

physical stent properties in order to maximise outcomes and reduce complications with 

mechanical intervention procedures, and pure angioplasty has been largely superseded.  

 

In addition to angioplasty and conventional stent use, the most recent innovation considered 

to have transformed the practice of interventional cardiology has been the introduction of 

drug-eluting stents (47). While again being largely outside the range of the present thesis, this 

body of research marks a large component of contemporary study investigating the optimal 

use of PCI therapy and thus deserves mention. The basic premise involves coronary stents 

that slowly release a cytotoxic drug (in the first instance sirolimus was used), with the 

understanding that these prostheses will act to reduce the rates of re-stenosis, a recurrent 

problem with conventional stent deployment (50). In terms of clinical impact, the use of drug-

eluting stents has been shown in one study to reduce the rate of combined adverse events (i.e. 

death, reinfarction and repeat revascularisation) from 17% to 9.4% (p=0.02) when compared 

to bare metal stents at 300 days follow-up after the advent of STEMI (51). This effect was 

mostly attributed to a marked reduction in the risk of repeat intervention.  

 

As with lytic therapy, the total ischaemic time to primary PCI in cases of STEMI is of the 

utmost importance. A study of 1,791 patients undergoing primary angioplasty by De Luca et 

al. estimated that each 30 minutes of delay was associated with an increased one year 

mortality relative risk of 1.075 (95% confidence interval 1.008 to 1.15; p=0.041) (52). This 

can be translated as each 30 minute delay resulting in a 7.5% increase in one-year mortality. 

The authors conclude that each minute of delay is of prognostic importance and that every 

effort should be made to reduce these times. However, the shape of the reperfusion time to 

mortality curve is not linear, with the most prominent benefit occurring within the first two to 

three hours (‘the golden window’), followed by a continued mortality benefit of decreasing 

magnitude over time (53, 54). The degree of myocardial salvage is improved with PCI 

compared to lytics, and the magnitude of this difference increases as ischaemic times are 

further prolonged (55). These data are used to support the especial superiority of primary PCI 

when ischaemic times exceed this golden window of about three hours, although the 

distinction between the approaches is less clear in real-world clinical practice, as examined in 

the following section.  
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1.2.3 Thrombolysis compared to primary PCI 

With both modalities of treatment being proven effective in STEMI care, the question arises 

as to which is the superior and more appropriate reperfusion strategy overall. Convincingly, a 

meta-analysis of 23 randomised trials that compared primary angioplasty with lytic therapy 

concluded that angioplasty was superior to thrombolysis in reducing short-term major adverse 

outcomes including death, non-fatal reinfarction and haemorrhagic stroke, but with a slightly 

increased risk for major bleeding (56). Overall short-term death was reduced from 9% to 7% 

(p=0.0002), and the combined endpoint of death, non-fatal reinfarction and stroke from 14% 

to 8% (p=0.0004). This study supports current international thinking that accepts primary PCI 

as the superior treatment option for acute STEMI management, assuming it is performed by 

experienced operators in a timely fashion, with sufficient operator and institutional volumes 

(57-59).  

 

The influential Danish Trial in Acute Myocardial Infarction (DANAMI)-2 trial also 

concluded that primary angioplasty was a superior treatment to lytic therapy for STEMI 

management, even when patients initially presented to a non-interventional hospital and had 

to be transported for treatment (assuming treatment was initiated within two hours) (60). The 

30-day composite end point (i.e. death, clinical reinfarction or disabling stroke) was 13.7% 

with lytic therapy and 8.0% with angioplasty (p<0.001) across all hospital types, driven 

mostly by a 75% reduction in the relative risk of clinical reinfarction. The authors concluded 

that only 18 patients presenting to an invasive-treatment centre would need to be treated by 

primary PCI in order to prevent one of the composite end-point events in a 30 day period. The 

similar Primary Angioplasty in patients transferred from General community hospitals to 

specialized PTCA Units with or without Emergency thrombolysis (PRAGUE)-2 trial 

randomised patients presenting to a non-interventional hospital to either immediate 

thrombolysis or transport for primary PCI (61). Results showed that 30-day mortality was 

similar if patients presented within three hours of symptom onset, but significantly higher in 

the lytic group if the patients were presenting beyond three hours from symptom onset (15.3% 

vs 6.0%, p<0.02). It was hypothesised that the greater mortality benefit in the PRAGUE-2 

study compared to the DANAMI-2 trial could have been due to the use of tPA instead of SK 

(61). These studies present interesting questions when considering the structure of STEMI 

care in New Zealand, as local infrastructure potentially supports the flow of patients from 
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local non-interventional hospitals to larger tertiary centres. This shall be further explored in 

Chapter 2.  

 

Despite these observations, a number of institutional- and patient-specific factors must be 

considered when implementing reperfusion protocols. Importantly, restoring flow to the IRA 

and avoiding myocardial cell death is a very time-dependent process. Although primary PCI 

is considered contemporary optimal management, there exists a point where the excess time 

needed to implement PCI protocols (the ‘PCI-related delay’) negates any in-hospital mortality 

benefit over prompt initiation of lytic therapy. Although this varies significantly depending on 

individual patient characteristics, a large registry study of 192,509 patients (62) calculated this 

equivocal point at 114 minutes across the entire cohort (Figure 1.1). Factors identified that 

modified this effect were symptom duration, age and infarct location. For example, an 

individual with a symptom duration "120 minutes, <65 years old and an anterior infarction 

would need to have catheter reperfusion initiated very early compared to lytic therapy in order 

to have an expected mortality benefit with primary PCI. Additionally, we have already 

observed the importance of total ischaemic times on the decision as to optimal management, 

with the mechanisms of myocardial salvage beyond three hours supporting the use of primary 

PCI (55). These data must be considered when interpreting reports such as the DANAMI-2 

and PRAGUE-2 studies identified above.  

 

It must be accepted that many STEMI patients will present to institutions without PCI 

capabilities, or that catheterisation laboratories cannot feasibly be staffed for 24 hour 

availability. In such cases, or where delays are judged to be unacceptably high, thrombolysis 

still maintains a significant niche in current practice (see Section 1.3 Current guidelines). The 

patient-specific and symptom onset characteristics must also be considered when choosing a 

strategy, for example the number of absolute contraindications to lytic therapy or the time-

frame of ischaemic symptoms. Primary PCI is a resource intensive procedure with 

considerable caveats to provision in terms of facilities, staffing and stream-lined institutional 

protocols; whereas lytics are widely available, straightforward to administer and suitable for a 

wide range of patients. Therefore we cannot discount the importance of thrombolysis in a 

review of the optimal management of STEMI in a New Zealand specific context. 

 



 

 

 

Figure 1.1 Effect of Increasing PCI-Related Delay 

 

 

 

After correction for patient and hospital-based factors, the time at which odds of death with PCI were equal to those for thrombolysis occurred when the PCI related delay 

was approximately 114 minutes. Adapted from Pinto et al. (62). 
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1.2.4 Medical management 

It is important to note that some patients presenting with STEMI do not receive any form of 

acute reperfusion therapy. Occasionally this may reflect a missed opportunity and be due to 

factors such as a missed diagnosis, borderline ST-segment elevation on the diagnostic ECG, 

or institutional failings. Other times it will be the appropriate course of action, for example if 

a patient has severe co-morbid conditions, presents >12 hours from symptom onset, has 

contraindications to acute revascularisation, or refuses invasive treatment. Regardless of the 

reason, international guidelines state these patients should still receive evidence based 

medical therapy appropriate to an acute myocardial infarction (9, 58, 59). A brief overview of 

the recommended pharmacological regimens in STEMI is detailed in Section 1.3.2 

Adjunctive therapies.  

 

1.2.5 Pre-hospital thrombolysis 

It is well-documented that the earlier that reperfusion therapy can be achieved, the greater the 

likelihood that coronary arterial patency will be restored and with better clinical outcomes 

expected. Although the FTT group showed that benefit can be derived from late 

administration of lytic therapy (34), the contesting report by Boersma (35) quantified this as a 

non-linear relationship. Specifically, 65 lives per 1000 would be saved if patients were treated 

within one hour; 37 if treated within 60 to 120 minutes and 26 saved per 1000 if treatment 

was initiated between 120 to 180 minutes. If we accept that the greatest benefit occurs within 

the first hour of symptom onset, the challenge then becomes how to organise structures of 

care to best support the earliest possible initiation of treatment. In settings where lytic therapy 

is accepted as a reasonable or only available alternative to primary PCI, the possibility of 

using pre-hospital thrombolysis in order to circumvent potential in-hospital delays is a logical 

extension of this rationale. 

 

The pre-hospital administration of lytic drug treatment by paramedic staff has been described 

as feasible and safe in prospective, randomised controlled trials comparing pre-hospital with 

in-hospital initiation of thrombolysis (63-68). The meta-analysis of these six studies by 

Morrison et al. (69) indicated a significant reduction in in-hospital mortality (odds ratio 0.83; 

95% confidence interval 0.70-0.98). Although the pooled results were not powered to show a 

significant difference in long-term mortality at one or two years, one included study showed a 
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benefit of pre-hospital thrombolysis maintained to five years (70). Interestingly, this paper 

also provided discussion of the FTT group’s assertion that the time/benefit curve is a linear 

relationship. The criticisms of this representation are summarised as (1) data being forced into 

a linear statistical model, (2) under-representation of early-treated patients and (3) non-

random determination of time of treatment. The authors forcefully conclude that the earliest 

possible initiation of thrombolysis is of utmost importance as a radical treatment to acute 

myocardial infarction, and should be accorded the same importance as out-of-hospital 

defibrillation for cardiac arrest.  

 

These programs necessitate considerable resource investment, and out-of-hospital diagnosis 

and triage of STEMI by paramedic staff is an important component of ensuring safe and 

effective implementation of such care pathways. In many of these studies, pre-hospital ECGs 

are proposed as a means for paramedic staff to reliably identify STEMI cases, with the 

potential to use this information to institute reperfusion protocols. The use of pre-hospital 

ECGs in systems of care to modify treatment times is further and more completely addressed 

in Chapter 2. Furthermore, this strategy for early administration of drug therapy may not be 

suitable for some healthcare systems, such as in urban settings where primary PCI is readily 

available or where treatment delays are expected to be minimal. Interestingly, the Comparison 

of Angioplasty and Prehospital Thrombolysis in acute Myocardial Infarction (CAPTIM) study 

comparing pre-hospital thrombolysis to primary PCI showed no significant difference in the 

composite end-point of death, non-fatal reinfarction and disabling stroke at 30 days (71), a 

result sustained to five years (72). There was, however, a lower mortality in the subset of 

thrombolysis patients treated within two hours (72). Pre-hospital thrombolysis is routine 

current practice in a number of rural communities in New Zealand (73); from these data we 

can conclude that it is a safe, feasible and frequently beneficial alternative to in-hospital 

thrombolysis, where emergency medical service systems are trained and enabled, where 

transport to a hospital for thrombolysis is delayed, and where the institutional structure 

prevents timely initiation of primary PCI protocols.  

 

1.2.6 Facilitated PCI 

When considering STEMI patients presenting to hospitals without primary PCI facilities, 

there is an intuitive sense that some variety of combination of thrombolysis and transfer for 

PCI could offer the maximal benefit. Three permutations have been variously described in the 
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literature for intervention following lytic therapy, namely: (1) facilitated PCI – transfer for 

immediate angiography and PCI; (2) the pharmacoinvasive approach – immediate transfer and 

rescue PCI for failed reperfusion, or even routine angiography three hours after lytic therapy, 

and within 24 hours of successful lytic reperfusion; or (3) ‘watchful waiting’ – transfer not 

immediately but in the event of failed reperfusion decided at a later juncture, or in the event of 

recurrent ischaemia (74). For the purpose of this overview ‘facilitated PCI’ refers to the use of 

a lytic agent followed by immediate transfer for angioplasty and PCI, although it is 

recognised that some studies have included the use of glycoprotein IIb/IIIa agents as the 

‘facilitating’ drug. The goal of this strategy is to achieve early patency of the IRA with lytic 

therapy, as an antecedent to the earliest possible stabilisation of the occluded artery with 

angioplasty and stent deployment. Hypothetically this system would result in smaller infarcts, 

superior success rates and improved clinical outcomes (74).  

 

Randomised studies comparing facilitated PCI with primary PCI are best summarised by 

considering the meta-analyses by Keeley et al. (75). Seventeen trials were identified; six of 

these considered lytic therapy (n=2,957) and two a combination of reduced dose lytic and 

glycoprotein IIb/IIIa inhibitor therapy (n=399). Importantly, the six trials reporting on full 

dose thrombolysis showed a significantly increased short-term mortality with facilitated PCI 

compared to primary PCI (6% vs. 4%; odds ratio 1.43; 95% confidence interval 1.01 to 2.02; 

I
2
=0%). Also there was observed a significantly higher rate of non-fatal reinfarction (4% vs. 

2%; odds ratio 1.81; 95% confidence interval 1.19 to 2.77; I
2
=0%); urgent target vessel 

revascularisation (5% vs. 1%; odds ratio 4.81; 95% confidence interval 2.47 to 9.37; I
2
=0%); 

major bleeding and total stroke. Although there was no long term data available, this data 

does not support the use of facilitated PCI as a superior strategy to primary PCI. A reason that 

has been postulated as contributing to this largely unanticipated result is that the ‘pro-

thrombotic milieu’ induced by thrombolysis in the few hours after administration is 

exacerbated by the invasive nature of direct PCI (73, 76). Ischaemic complications such as 

reinfarction seem to be increased in studies that did not specify early use of antiplatelet 

therapy such as oral clopdiogrel (for example, the Assessment of the Safety and Efficacy of a 

New Treatment Strategy with Percutaneous Coronary Intervention [ASSENT-4 PCI] study 

(77)), and it may be this drug, or other oral adenosine diphosphate (ADP) blockers, that have 

enabled the improved outcomes seen in the next wave of studies that have combined both 

early complex pharmacology and interventional device therapy.  
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1.2.7 The pharmacoinvasive approach  

The pharmacoinvasive approach sits on the near spectrum of delayed invasive management. 

In contrast to facilitated PCI, STEMI patients receiving lytic therapy are transferred to a PCI-

capable hospital and undergo routine catheterisation within three to 24 hours after drug 

therapy. This is in distinction to the emergent PCI of the facilitated approach. Early studies 

testing this hypothesis include the Spanish and Portuguese Grupo de Análisis de la 

Cardiopatía Isquémica Aguda (GRACIA)-1 trial (78). Five hundred STEMI patients were 

randomly assigned to either conservative or routine invasive management; thrombolysis was 

administered within two hours of symptom onset and angiography performed a mean of 16.7 

hours after lytic administration. The invasive option was shown to be safe and to not increase 

bleeding or cardiac events in the short-term. At one year the composite end-point of death, 

non-fatal reinfarction or revascularisation was significantly reduced with the 

pharmacoinvasive approach (9% vs. 21%; risk ratio 0.44, 95% confidence interval 0.28 to 

0.70; p=0.0008) compared to conservative management.  

 

Further evidence for the pharmacoinvasive approach came in the form of the Canadian Trial 

of Routine Angioplasty and Stenting after Fibrinolysis to Enhance Reperfusion in Acute 

Myocardial Infarction (TRANSFER-AMI) randomised controlled trial (79). One thousand 

and fifty nine patients were again randomly assigned to the conservative or non-emergent 

invasive arms of the trial. Recommendations for the conservative arm included routine 

catheterisation within two weeks in accordance with guidelines, and this was performed at a 

median of 32.5 hours in 88.7% of these patients. In contrast 84.9% of the pharmacoinvasive 

group underwent PCI at a median of 3.9 hours after lytic therapy. At thirty days the composite 

end-point of combined incidence of death, reinfarction, recurrent ischaemia, new or 

worsening heart failure or cardiogenic shock favoured the pharmacoinvasive approach (11.0% 

vs. 17.2%; relative risk 0.64, 95% confidence interval 0.47 to 0.87; p=0.004). No significant 

differences were seen in the rates of major bleeding or transfusion. The similar NORwegian 

study on DIstrict treatment of ST-Elevation Myocardial Infarction (NORDISTEMI) trial 

examined the optimal approach for patients with very long transport times to PCI, with a 

median transport distance 158 kilometres (80). Patients were randomly assigned to transfer 

for planned catheterisation and revascularisation as indicated (n=134), or a conservative 

ischaemia-guided protocol (n=132) with rescue PCI for failed thrombolysis. The intervention 

group underwent balloon inflation a median of 162 minutes from lytic administration; this 
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group had a significantly reduced incidence of the primary end-point of death, reinfarction, 

stroke or new ischaemia at thirty days, and no increased incidence of bleeding.  

 

While neither the TRANSFER-AMI nor NORDISTEMI trials were powered to detect 

statistical differences in the primary end-point components, taken as a whole they illustrate 

the safety and efficacy of a routine, semi-emergent invasive management system for STEMI 

care. This is in direct contrast to a strategy of immediate PCI after the administration of lytic 

drugs, although the distinction between the two schemes may seem somewhat blurred at first 

appearances. In the specific setting of New Zealand, the pharmacoinvasive approach presents 

a novel solution to the acute management of STEMI patients presenting to non-invasive 

hospitals. Indeed, in a recent issue of the New Zealand Medical Journal, the distinguished 

cardiologist Professor Harvey White claims this approach to be effective and practical on a 

national platform (73). He asserts that now we know what optimal management is, this must 

be translated into national cardiac networks for clinical implementation. This is paralleled by 

the most recent European Society of Cardiology (ESC) myocardial revascularisation 

guidelines updated in October 2010, which now give a Level 1 recommendation to 

transferring patients immediately after lytic therapy from peripheral hospitals to 

interventional-capable hospitals (81).  

 

 

1.3 Current guidelines 

The current New Zealand guidelines for the management of STEMI were developed by the 

New Zealand branch of the Cardiac Society of Australia and New Zealand (CSANZ) with 

reference to the most current evidence-based clinical research. They reflect international 

policies; particularly the American College of Cardiology/American Heart Association 

(ACC/AHA) and the ESC guidelines. The latest version of the New Zealand guidelines were 

published in 2005 and are intended to guide best possible clinical practice (9). This general 

introduction to optimal STEMI care is not intended to give a detailed account of all 

recommended treatment algorithms; however some report of how research evidence is 

translated into contemporary clinical management is appropriate, particularly in light of the 

above discussion about optimal reperfusion strategies.  
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1.3.1 Choosing a reperfusion strategy 

As has been indicated already, the decision of whether to perform primary PCI or administer 

lytics depends on a number of institution- and patient-specific characteristics (refer to Section 

1.2.3 Thrombolytics compared to primary PCI). Very often STEMI patients will present to 

peripheral hospitals without the capability for primary PCI (82); in this case New Zealand 

guidelines state that lytic therapy is appropriate management (9). However, if there is ongoing 

ischaemia or haemodynamic instability, rescue PCI should be undertaken as soon as possible. 

As these guidelines were published in 2005, they do not have the benefit of the most recent 

clinical trials. Facilitated PCI is described as ‘investigation ongoing’, and is not presently 

recommended. While results from the GRACIA-1 trial are stated as supporting routine 

angiography within 24 hours, there is only the promise of trials in progress to potentially 

further support this strategy.  The authors do endorse the use of PCI following lytic therapy 

when ischaemia is inducible on stress testing, although routine angiography after lytic 

therapy, successful or unsuccessful, is not commented on.  

 

Equally, the guidelines assert that lytic therapy may be the most appropriate course of action 

if patients present within three hours of symptom onset. Beyond three hours, and within 12 

hours, primary PCI should be the treatment of choice where available. In this setting, hospital 

arrival to angioplasty balloon deployment (‘door to balloon time’) should be less than 90 

minutes, a quality metric reflected in the American and European guidelines (58, 59), and 

further explored in Chapter 2. Primary PCI is also recommended if the patient is in 

cardiogenic shock, has significant heart failure or contraindications to the use of lytics. The 

recent report by Ellis et al. (82) revealed that only two New Zealand hospitals (Auckland and 

Waikato) performed routine primary PCI on a 24 hour, seven day a week basis. STEMI 

patients presenting to centres south of Hamilton receive primary PCI during daytime hours, or 

at the discretion of on-call cardiology services. When we combine these data with the obvious 

focus intended by the New Zealand STEMI guidelines, it is clear that the use of lytic drugs 

remains practicably a mainstay of real-world clinical management.  

 

1.3.2 Adjunctive therapies 

The use of evidence-based adjunctive lifestyle and medication therapy in STEMI care is vital 

to ensure the success of reperfusion therapies and optimal clinical outcomes in a real-world 
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setting. These can be considered in terms of acute phase therapies and those intended for 

secondary prevention of coronary disease manifestations. Very briefly the major drugs and 

lifestyle modifications acknowledged in the New Zealand STEMI guidelines are described 

here, although this review is not intended to encompass the vast evidence base surrounding 

optimal pharmacological and rehabilitative regimens proven for STEMI care.  

 

1.3.2.1 Anti-platelet agents 

Aspirin should be given to all patients with STEMI immediately, as a 1++A level of evidence, 

representing the highest level of evidence available on meta-analysis of randomised controlled 

trials (9, 83). This is appropriate management regardless of the reperfusion strategy and 

should be continued indefinitely over the patient’s lifetime. The action of this drug occurs via 

inhibition of platelet thromboxane A2 production, and only true aspirin hypersensitivity 

should act as an absolute contraindication to its use (58).  

 

Clopidogrel, a thienopyridine agent, acts as an ADP-receptor antagonist (58). For patients 

undergoing thrombolysis, in the absence of contraindications, clopidogrel is now proven as an 

important adjunct improving lytic efficacy and reducing reinfarction and mortality (84, 85). 

Duration of therapy after an acute coronary syndrome is typically 12 months in many 

guidelines, but evidence is somewhat debateable whether there is a clinically important 

benefit beyond six months (Clinical Senior Lecturer V. Chen, emailed personal 

communication 2010 Dec 1). Clopidogrel was a relatively expensive drug and its use has 

previously been limited by the Pharmaceutical Management Agency of New Zealand 

(PHARMAC) funding restrictions (86) but is now available without special authority as a 

generic drug. As a generic it is likely to remain a mainstay in common wide usage, but there 

are also now newer thienopyridine agents such as ticagrelor and prasugrel which seem to 

show improved efficacy against ischaemic complications, sometimes without any increase in 

bleeding (87).  

 

1.3.2.2 Glycoprotein IIb/IIIa inhibitors 

The guidelines very briefly state that glycoprotein IIb/IIIa inhibitors (i.e. abciximab) are not 

supported with thrombolysis, but are recommended as an adjunctive therapy with PCI and 

stenting. This is based on evidence from a meta-analysis showing that the use of abciximab 
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with PCI reduces mortality, target vessel revascularisation and major adverse cardiac events 

(88). However, subject to the use of other adjunctive therapies it may also be associated with 

increased rates of bleeding. Together with cost considerations and a possible clinically trivial 

magnitude of anti-ischaemic benefit, glycoprotein IIb/IIa inhibitor use may be diminishing 

(89), although there are marked variations in patterns of use worldwide and also in New 

Zealand (V. Chen, emailed personal communication 2010 Dec 1).  

 

1.3.2.3 Antithrombotic agents 

Adjunctive heparin therapy is recommended immediately with the use of fibrin-specific lytic 

agents such as tPA, and as an option with the non-fibrin-specific SK. It is recognised that 

some hospitals may prefer not to use heparin with SK, particularly if patients are elderly 

and/or are experiencing a small inferior myocardial infarct as it seems to significantly increase 

bleeding. Enoxaparin is the preferred agent, based on data from the Enoxaparin and 

Thrombolysis Reperfusion for Acute Myocardial Infarction Treatment – Thrombolysis in 

Myocardial Infarction (ExTRACT-TIMI) 25 trial comparing enoxaparin with unfractionated 

heparin post-thrombolysis, despite it being associated with a slight increase in major bleeding 

events (90). Dosing is adjusted according to age and renal function within individual patients.  

 

1.3.2.4 Therapeutic interventions to reduce secondary events 

Both aspirin and clopidogrel are recognised as improving cardiac outcomes when continued 

beyond the index admission: aspirin indefinitely and clopidogrel for two weeks to 12 months, 

depending on the reperfusion strategy and use of stents. Other drugs that are usually started 

during the index admission and continued beyond discharge into the community include !-

blockers, angiotensin-converting enzyme (ACE) inhibitors and 3-hydroxy-3-methyl-glutaryl-

CoA reductase inhibitors (statins). The combination of drug therapy with considerable efforts 

towards lifestyle modification, where appropriate, is considered to be optimal management in 

STEMI care. 

 

!-blockers, for example metoprolol or carvedilol, are recommended for use both in the acute 

phase of STEMI and during the longer term follow-up period, assuming the patient is 

haemodynamically stable without significant heart failure, and barring contraindications such 

as asthma, hypotension, bradycardia or significant heart block. Similarly ACE inhibitors are 



 

21 

 

suggested for both acute and continuing management of STEMI. The New Zealand guidelines 

state that all patients with evidence of heart failure, anterior infarction or a history of previous 

infarction should be considered to receive oral ACE inhibitors beginning two hours after 

admission (excepting a systolic blood pressure <100mmHg). All other patients are 

recommended to begin on therapy on day one and that this be continued long term, as a level 

1++A of evidence (9); the level of recommendation is lower in the ACC/AHA guidelines for 

patients without the above high-risk features, and as a quality performance measure ACE-

inhibitor use is only absolutely indicated where left ventricular ejection fraction is less than 

0.40 (58). The guidelines further state that if a choice between the two agents has to be made 

because of hypotension, ACE inhibitors are the preferred initial therapy because of their effect 

on remodelling.  

 

Statin therapy is intended to improve an individual’s lipid profile. In regard to STEMI 

patients, it is recommended that a dose of a statin drug such as simvastatin or atorvastatin be 

initiated in-hospital and continued beyond discharge, with the aim of reducing plasma low 

density lipoprotein (LDL) concentrations to 1.6 mmol/L or less. This is based on evidence 

that shows intensive statin therapy to significantly reduce mortality and major adverse 

coronary events when compared to a non-intensive regime after an acute coronary syndrome 

(91, 92), and that which suggests prescribing patterns of statin therapy to be suboptimal (93).  

 

Finally, the importance of significant lifestyle modification cannot be underestimated. The 

New Zealand STEMI guidelines place the onus of lifestyle intervention on community 

rehabilitative services, with a specific focus on smoking cessation, regular exercise, weight 

loss, healthy diet and medication compliance (9). A meta-analysis of randomised controlled 

secondary prevention programs in the setting of coronary artery disease showed that 

significant mortality gains can be made with the institution of cardiac prevention programs 

(94). It is the role of the cardiology profession to ensure patients have timely and equitable 

access to appropriate interventions that address modifiable lifestyle aspects; beyond that of 

pure pharmaceutical concern.  
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1.4 Contemporary challenges in STEMI care 

1.4.1 Access to an appropriate reperfusion therapy 

National (9) and international (58, 59) guidelines promote the use of primary PCI where 

available in a timely manner by an experienced cardiology team in a high-volume institution. 

Where this approach is inaccessible, thrombolysis is a reasonable and effective alternative to 

mechanical intervention. In STEMI treatment protocols, emphasis is placed on pursuing one 

of these acute reperfusion strategies within an appropriate time-frame. It is recognised that not 

all patients are reperfusion eligible, for example in some elderly patients with significant co-

morbidities, or if the total ischaemic time exceeds that required for complete myocyte death. 

However, excluding these genuinely ineligible groups, it is entirely unacceptable for a STEMI 

patient to receive no acute reperfusion therapy, regardless of whether it is either mechanical or 

pharmacological.  

 

Unfortunately, contemporary data shows that a large proportion of STEMI patients are not 

receiving optimal, evidence-based reperfusion therapies. Results from the GRACE study, 

published in 2002 and spanning 94 hospitals across 14 countries, showed a substantial 

proportion of patients were not receiving any form of reperfusion therapy whatsoever (95). 

The grouped proportion of patients receiving neither PCI nor lytics across Australia, New 

Zealand and Canada was 29.7%; which was comparable with values from the United States 

(33.0%), Argentina and Brazil (28.0%) and Europe (29.5%). Patients with previous 

congestive heart failure or coronary bypass surgery, and those presenting without chest pain 

but with ischaemic symptoms were especially likely to receive no acute reperfusion, as well 

as women, those with diabetes, elderly patients and individuals with a history of myocardial 

infarction. The authors rightfully conclude that arguments about whether PCI represents a 

better treatment option to thrombolysis are meaningless in an environment where a substantial 

number of patients are receiving no acute reperfusion therapy at all. 

 

An updated report from the GRACE group in 2008 encompassing 54 hospitals from 12 

countries showed a decreasing trend from that illustrated above, but by 2006 the use of acute 

reperfusion therapy was still sub-optimal (96). Between 1999 and 2006 the percentage of 

patients receiving no reperfusion fell from 40% to 33% (p<0.0001); although there was no 

break-down in this trend by nationality. This figure is reflected in data from the 32-country 
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2004 Euro Heart Survey, where only 63.9% of STEMI patients received primary reperfusion 

therapy, although this was an increase from 55.8% in a similar audit in 2000-2001 (97). A 

decreasing trend is also illustrated in data reported by the American NRMI observational 

study authors, with the proportion of STEMI patients eligible for, but not receiving, 

reperfusion therapy falling from 44.9% in 1990 to 28.1% in 2006 (p<0.001) (98). Regardless 

of this international trend, the absolute values undoubtedly represent a failure of modern 

health-care systems to institute evidence-based medicine for all reperfusion-eligible STEMI 

patients presenting to contemporary hospitals.  

 

Data concerning the acute management of STEMI patients in New Zealand also depict a 

worrying picture. The nationwide 2007 acute coronary syndrome audit reported that 55% of 

STEMI patients received lytics and 15% underwent primary PCI; indicating that a number of 

individuals received no acute reperfusion; approximately equivalent to that described in 

international registries (24). As highlighted earlier in this chapter, 43% of acute coronary 

syndrome patients received neither echocardiography nor angiography, and only 4.7% of 

STEMI patients underwent coronary artery bypass grafting (CABG) surgery: a concerning 

statistic for the New Zealand cardiology community. While there was an increase in the use of 

primary PCI from the 2002 version of this audit (3.0% to 15%; p=0.0046), there is evidence 

to suggest that there remains shortfalls in the provision of acute STEMI reperfusion in the 

New Zealand context, echoing an international discrepancy and forming a considerable 

challenge in modern STEMI management.  

 

1.4.2 Access to timely reperfusion therapy 

The time it takes to initiate treatment in STEMI is closely associated with mortality (99). In 

the primary PCI era, the concept of ‘door to balloon time’ has developed as an important 

quality metric tool and standardised method of quantifying treatment times, with ‘door to 

needle time’ being the equivalent standard in lytic therapy. While there are slight variations in 

the definition of door to balloon times, it usually denotes the time taken from hospital arrival 

to the first attempt to open the occluded IRA with a balloon or other device. Similarly, door to 

needle time is the time elapsed between hospital arrival and initiation of thrombolysis. The 

modern systems for reporting door to balloon times provide a systematic method for 

evaluating the effectiveness of current STEMI treatment protocols in achieving timely 
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reperfusion therapy within acceptable limits. Chapter 2 of this thesis provides a more 

comprehensive study into the modifiable nature of door to balloon times.  

 

Current ACC/AHA guidelines recommend a door to balloon time of less than 90 minutes as a 

Class 1a recommendation; the ESC guidelines advocate a first medical contact to balloon time 

of no more than 90 minutes (58, 59). Likewise door to needle times are set at a maximum 

recommended 30 minutes. The New Zealand guidelines follow with these international 

directives (9). However, evidence from the available literature suggests that STEMI treatment 

times have remained largely outside these recommended measures. Moreover, it is observed 

that the delay to reperfusion has only experienced relatively modest reductions at best in 

recent times. This trend can be perceived both globally and locally. 

 

The most compelling evidence for trends in door to balloon times has been observed to come 

out of America, where there has been significant focus on methods to improve this metric. A 

summary of the NRMI data dating back to 1990 demonstrates reductions in both door to 

balloon and needle times (98). Specifically, there was a nearly linear reduction in door to 

needle time from 59 minutes in 1990 to 29 minutes in 2006 (p<0.001); door to balloon time 

decreased from 120 minutes in 1994 (the first year of recording this measure) to 87 minutes in 

2006 (p<0.001). This was a consistent result considering both transfer and non-transfer 

patients; however the door to balloon time for transfer patients was still high at 139 minutes in 

2006. Aligning these data with the published guidelines shows that in 2006, 54% of patients 

achieved a door to balloon time less than 90 minutes, driven largely by a significant reduction 

in PCI reperfusion times after 2003 particularly in non-transfer patients. A parallel database 

from the American Get With The Guidelines program also measured outcomes in door to 

balloon times from 2002 to 2006 (100). Of 10,965 reperfusion-eligible STEMI patients, the 

overall median door to balloon time was 96 minutes: falling from 108 minutes to 82 minutes 

across the study period (p=0.001). The percentage achieving door to balloon times !90 

minutes rose from 36.2% to 58.8% (p=0.003). While this is a somewhat encouraging trend, it 

is clear that a significant number of STEMI patients are still experiencing unacceptable 

procedural delays.  

 

The multi-national GRACE report comparing treatment delays to mortality also provides 

some record of the international door to balloon and door to needle performance levels (99).  
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Of a contributing 106 hospitals across 14 countries (including New Zealand), median door to 

needle time was reported as 35 minutes (interquartile range 20 to 62 minutes), and door to 

balloon time reported as 78 minutes (interquartile range 47 to 120 minutes). As median values 

these can be seen to be right on the cusp of recommended treatment times, and represent a 

large proportion of patients receiving suboptimal care. As this study once more proves 

treatment times to be related to mortality (significantly associated with six month mortality in 

this particular report), we can observe these failings to be coupled with clinically worse short-

term outcomes.  

 

Once again global STEMI trends seem to translate directly to those seen on a national scale. 

The sample of STEMI patients observed in the 2007 New Zealand audit did not expressly 

have door to balloon times recorded as a clinical measure (24). However, other data available 

suggest that current systems do not do enough to promote timely reperfusion therapy. A study 

from Waikato hospital looking at a high-risk subgroup of STEMI patients reported median 

door to balloon times as 74.5 minutes across a six month period at the end of 2006 (101). The 

review presented in this thesis records a median door to balloon time of 84 minutes at 

Dunedin Public Hospital for the year 2008. Both of these studies do not include transfer 

patients, which would likely alter these values further. While these are small samples of 

STEMI patients, the figures available broadly reflect those given in international studies. 

Realising door to balloon times of less than 90 minutes for the majority of patients is an 

achievable goal, with a number of recommendations being highly publicised as a means to 

improve on this measure (102). The challenge now rests with STEMI healthcare providers to 

continuously monitor and update systems in order to achieve an evidence-based level of 

timely reperfusion therapy in line with current guideline edicts.  

 

1.4.3 Inequitable care provision 

Inequalities in the provision of health care are of particular concern when designing systems 

to maximise the treatment and clinical outcomes of acute myocardial infarction. A number of 

factors have previously been shown to be associated with a reduced institution of evidence-

based treatment protocols and worse clinical prognosis: varying from individual patient 

characteristics to systems and logistic issues. Aspects to be considered briefly in this thesis 

are age, sex, hour of presentation and institutional type, although this is in no way a complete 
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summary of the multitudinous factors implicated in an unequal distribution of STEMI care 

provision.  

 

It can be foreseen intuitively that older STEMI patients will have a worse prognosis relative to 

those presenting at a younger age. Studies have shown this prediction is correct, with elderly 

patients having worse short- and long-term clinical outcomes during acute myocardial 

infarction even when controlling for sex, medical history and infarct characteristics on 

multivariate regression analysis (103). It is also clear that the anticoagulation regimens 

stipulated in STEMI treatment carry a higher risk when applied to an older population, 

particularly manifest in the increased risk of intracranial haemorrhage post-thrombolysis 

(104). Thus whether the application of acute reperfusion protocols is appropriate with 

advancing age has been cause for considerable debate (105, 106). The early FTT analysis 

concluded no significant benefit with lytic therapy over 75 years of age (34), and registry data 

has even suggested that thrombolysis may confer a survival disadvantage in patients aged 

over 75 (107). However, a significant array of registry data has also shown acute reperfusion 

to be beneficial in the elderly population, both at short- (108) and long-term junctures (109, 

110), and particularly with the use of primary PCI over thrombolysis (110). A subsequent re-

analysis by the FTT Secretariat indicated a significant benefit with lytic therapy in STEMI 

patients presenting within 12 hours (106), and the various influential international guidelines 

recommend acute reperfusion in patients over the age of 75, in the absence of usual 

contraindications (58, 59, 111). 

 

Despite this, elderly patients have a proven under-utilisation of evidence-based therapies. 

Once again the observational GRACE study is instrumental in demonstrating global trends in 

myocardial infarct management: in one report age !75 years was associated with a 2.63 odds 

ratio (95% confidence interval 2.04 to 3.38; p<0.0001) of not receiving any reperfusion 

therapy (95). A survey of unselected STEMI patients in Israel showed that the use of 

evidence-based medicines (particularly beta-blockers and statins) were used less in elderly 

patients compared to those under the age of 75 (112). The study also showed that while use of 

these medications was associated with a better one-year outcome across all age groups, the 

absolute gain (measured by number needed to treat) was significantly improved with 

advancing age. This was, however, balanced with an increasing rate of complications. While 

there is some evidence that the use of guideline-based therapies has increased across the 21
st
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century (113), there is still a general trend towards substandard use of optimal management 

strategies in elderly patients, even when they are eligible for treatment (111). If an elderly 

patient is appropriate for acute reperfusion treatment and evidence-based medications, the 

failure to administer these therapies represents an inequitable bias in modern health-care 

systems. The situation, however, represents potential for marked risk as well as potential for 

significant benefit, and makes for challenging decision-making in terms of clinical judgement 

and the complex calculus of risk-benefit for individual cases. 

 

Epidemiologic data from the Framingham Heart Study shows the incidence of CHD to be 

overall less in women than in men, with the CHD gender gap only beginning to narrow in the 

older population (114). There is also shown to be a gender-specific effect on the clinical 

manifestations of CHD, with myocardial infarction occurring substantially less often in 

women than in men. Early data from the American NRMI-1 registry showed women to have a 

higher mortality rate than men, even when controlling for age and treatment strategies (115). 

Treatment with aspirin, heparin and beta-blockers was instigated less in women, as was 

cardiac catheterisation, PCI and CABG, which the authors conclude may have contributed in 

part to these mortality differences. However, proving a relationship between gender and 

inequitable standards of care is fundamentally very difficult to achieve. A large number of 

physiological mechanisms have been shown to differentiate women and men (116), and 

untangling these from inequitable care provision is challenging to prove. Nevertheless, with 

recognised differences in mortality (117) and with proven variations in ischaemic symptoms 

(118), ensuring the same standard of care across gender differences in real-world clinical 

practice remains a contemporary challenge in STEMI management.  

 

The hour at which a STEMI patient presents to hospital provides a much clearer challenge to 

equitable care provision. With only a few centres providing 24-hour primary PCI facilities 

and reduced on-site clinical expertise for most hospitals outside working hours, it seems a 

plausible extension that treatment delays are much more likely to occur during ‘off’ hours. A 

study by the NRMI authors hypothesised that door to balloon times would be significantly 

longer during evenings, nights and weekends, while door to needle times would not vary 

greatly as emergency departments are continuously staffed (119). Analysis of the data verified 

this assumption: the absolute difference between door to needle time was minimal (1.0 

minutes; 95% confidence interval 0.7 to 1.4; p<0.001); whereas the absolute difference in 
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mean door to balloon time was significantly extended at 21.3 minutes (95% confidence 

interval 20 to 22.2; p<0.001) when presenting outside normal hours. This increase was almost 

entirely accounted for by the increase in time from ECG completion to catheterisation 

laboratory arrival. The in-hospital mortality rate was also shown to be higher, a difference that 

was attenuated by 43% after adjusting for differences in reperfusion times, suggesting that 

these delays contributed at least in part to the observed increase in mortality.  

 

In contrast, a comparable registry study from the United States reported no increase in in-

hospital STEMI mortality when presenting during regular or ‘off’ hours (120). Reasons given 

for the difference in outcomes between the two registry studies was that the NRMI report was 

limited to STEMI patients undergoing early reperfusion, and included transfer-out patients 

who were assumed to be alive. Eligible STEMI patients were shown to have similar overall 

rates of reperfusion therapy regardless of their time of presentation. However, those arriving 

outside regular hours were more likely to receive thrombolysis than PCI, and still had a 

significantly longer door to balloon time (110 minutes vs. 85 minutes; p<0.0001), despite this 

not translating to mortality. Once again door to needle times were comparable. With only two 

centres in New Zealand providing 24-hour primary PCI and given the substantial number of 

small-volume non-interventional hospitals throughout the country, the potential for standards 

of STEMI management to experience considerable diurnal variation is of genuine clinical 

concern. For this reason we have specifically considered whether time of presentation has 

real-world repercussions in the four year review at Dunedin Public Hospital presented in 

Chapter 3 of this thesis.  

 

Understandably, the chosen reperfusion therapy will depend largely on the type and 

institutional capabilities of the admitting hospital. Whether this treatment disparity across 

interventional and non-interventional hospitals extends to differentials in the institution of 

evidence-based therapies and timely STEMI management is of considerable clinical concern. 

Within New Zealand the majority of STEMI patients are likely to present to a smaller, non-

interventional centres where primary PCI is not a feasible reperfusion strategy. An interesting 

case study is that of Dunedin Public Hospital compared to Invercargill Hospital, where audit 

data is available from 2000 to 2002 comparing treatment and clinical outcomes in acute 

coronary syndrome patients between the two hospitals (121). As could be expected, more 

STEMI patients underwent PCI during the index admission if initially presenting to the 
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interventional centre, as well as having higher rates of CABG surgery. Disappointingly, 

patients at Dunedin Hospital were also much more likely to be discharged on a statin (66.4% 

vs. 42.3%; p<0.0005) or on an ACE-inhibitor (60.2% vs. 49.7%; p=0.040), despite having 

similar indications for therapy. Mortality associated with admission to a non-interventional 

centre was also higher during the in-hospital phase, at six months and at one year, although 

this did not reach significance.  

 

More recent local data is available in the form of the 2007 New Zealand audit (82). Once 

again the proportion of patients undergoing primary PCI was higher when presenting to an 

interventional centre: 34% compared to 3.7% at the non-interventional hospital (p<0.0001). In 

addition, the time taken to implement invasive investigations was demonstrably lengthened 

(3.4 days vs. 0.9 days to angiography, p<0.0001), rates of follow up PCI were lower, and 

fewer patients received CABG surgery, although these numbers did not reach significance. 

There was also no statistically significant difference in in-hospital mortality data. 

Encouragingly in this study the rate of evidence-based discharge pharmacotherapy was 

similar between hospital types, with no significant differences between the use of aspirin, 

clopidogrel, beta-blocker or statin therapy. From these data we can draw several conclusions. 

Firstly, that patients presenting to a regional hospital are very unlikely to receive primary PCI, 

and that even when a STEMI patient presents to a so-called ‘interventional centre’, rates of 

primary PCI are still considerably low in New Zealand. Furthermore, that time delays for 

appropriate invasive investigations and revascularisation are appreciably extended with initial 

presentation to a non-interventional hospital, representing a significant inequality in the 

provision of STEMI care across the country. When deciding how to best organise cardiac care 

to maximise the use of limited resources, it is observations such as these that will likely direct 

future investments into STEMI management and national organised networks of care.  

 

 

1.5 Future directions 

It is difficult to speculate about what direction STEMI care may take in the future. We can be 

sure that there will be significant advances made in the use of adjunctive drug therapies. For 

example, the earlier loading of clopidogrel at potentially higher doses than presently 

advocated may become appropriate in some settings, although this cannot be extrapolated 
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from the currently available literature base; perhaps excepting when primary PCI is performed 

and possibly in some available pre-hospital STEMI care data from Europe (87). Newer agents 

such as ticagrelor may also come to the forefront, as initial data suggest an improved clinical 

profile. To date, however, this has not been proven in comparison with high-dose clopidogrel 

(87), and as clopidogrel is now available as a generic it will likely remain the common first-

line standard of care for years to come. It is expected that other drugs forming the existing 

armament in STEMI treatment will also undergo degrees of refinement. The current ATOLL 

study has been designed to test enoxaparin use over unfractionated heparin in the setting of 

primary PCI and the published results are awaited, but initial presented results suggest clinical 

advantage (V. Chen, emailed personal communication 2010 Dec 1). This is another step in the 

slow shift away from blanket, or even commonplace, glycoprotein IIb/IIIa inhibitor use in 

current treatment paradigms (89), with the feeling that these expensive drugs are not cost 

effective and have clinical bleeding risks.  

 

Apart from anti-ischaemic drugs and therapies, the ongoing development of new 

pharmacotherapies is being seen to centre on reducing infarct size and encouraging 

regeneration. For instance, Dunedin Public Hospital has recently enrolled patients in the 

multi-centre study testing the agent KAI-9803, a delta protein kinase C inhibitor, with the 

intention of reducing infarct size by altering cell apoptosis second messengers (V. Chen, 

emailed personal communication 2010 Dec 1). Novel therapies are likely to play a part in 

extending the capabilities of acute myocardial infarct management: for example considerable 

resource has been invested into the possibilities of stem cell therapy to mitigate myocardial 

ischaemic injury and improve healing (122). Improvements in PCI device therapy and 

techniques will also occur: recent examples filtering into mainstream practice are thrombus 

aspiration or rheolytic thrombectomy with the Angiojet device, with the hope of significantly 

reducing major adverse cardiac outcomes (123); or self-expanding rather than balloon-

expandable stents during STEMI to reduce stent malapposition. Alongside novel devices also 

sits the refinement of interventional techniques: the use of the radial arterial approach 

compared to femoral arterial access has been a major shift in thinking in recent years, and is 

now standard practice at Dunedin Public Hospital. Studies have shown that this procedure 

significantly reduces bleeding events compared to the femoral approach in percutaneous 

intervention (124).  
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In terms of broad institutional changes, we can be almost certain that advances will continue 

to be made in the development of systems of care; with regionalised networks integrating 

emergency medical personnel, peripheral hospitals and interventional centres (125). It is 

anticipated that enhancing the coordination of all involved parties will have flow-on effects to 

improve the delivery of care and clinical outcomes of STEMI patients. In New Zealand the 

hub-and-spoke model has been postulated as a means to increase access to the most current 

invasive technology across as broad a population as possible (73). Intricately linked with this 

model is the concept of very early STEMI diagnosis, preferably in the pre-hospital setting. 

The use of pre-hospital ECGs has been canvassed in the literature as a means of early 

diagnosis and streamlining of STEMI patients to an appropriate reperfusion management 

strategy (102). The effectiveness of this technology is systematically evaluated in Chapter 2. 

On the other hand possibilities such as ‘home-care’ telemonitoring for early STEMI 

identification remain largely futuristic at this point in time (126). How we choose to use an 

early STEMI diagnosis in patient decision-making also remains matter for discourse: the 

appropriateness of bypassing non-interventional centres or initiating lytics in the ambulance 

persists as a modern challenge in contemporary STEMI care. In summary, the major focus in 

STEMI management must remain, as always, on improving use of the technology available in 

the real-world setting so as to optimise patient care and clinical outcomes.  
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Chapter 2: Pre-Hospital 12-Lead Electrocardiography for 

Improving Catheter Reperfusion Times and Outcomes in ST-

Segment Elevation Myocardial Infarction: a Systematic Review 

2.1 Background  

The first chapter of this thesis introduced the concept of ST-segment elevation myocardial 

infarction as being a high-risk acute coronary syndrome, with a correspondingly poor 

prognosis (27, 127). Urgent reperfusion by primary PCI is known to be the contemporary 

optimal management option (128), which presents the challenge of how best to organise 

systems of care and logistics to achieve this in a timely and effective manner. Historically, the 

pervading cardiological mantra has been that ‘time is muscle’, and shorter times from hospital 

arrival to myocardial reperfusion have unequivocally been shown to be associated with better 

outcomes and lower mortality (52, 99, 129-132). Indeed, in patients who are treated with 

primary PCI, each 30 minutes of delay increases the relative risk of one year mortality by 

7.5% (52). This correlate holds true regardless of the baseline risk of mortality (133).  

 

The current guidelines for door to balloon times have already been described: briefly both the 

ACC/AHA, ESC and New Zealand STEMI recommendations advocate for a target in-hospital 

mechanical reperfusion time of no more than 90 minutes, as the highest level of evidence (9, 

58, 59). However, despite all the available evidence and published guidelines, treatment times 

are still largely regarded as being outside optimal management standards (Section 1.4.2 

reviews in-depth global trends in this quality metric). With only nominal gains shown across a 

series of real-world registry data, it is imperative for institutions to continue to advocate the 

need for initiatives to improve access to timely reperfusion therapy in STEMI care.  

 

This call for national enterprise in improving acute reperfusion treatment access has been 

adopted with considerable vigour, particularly in the United States. In 2006, the American 

College of Cardiology launched the Door to Balloon (D2B) Alliance™, which aimed to 

reduce door to balloon times below 90 minutes for 75% of non-transfer STEMI patients. Over 

1,100 hospitals in the United States have registered in this Alliance, and it has affiliated 

alongside a large number of relevant organisations. Similarly the American Heart Association 

has established the Get With The Guidelines program in order to promote institutional 
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evidence based strategies for reducing reperfusion times (100). This underscores the 

importance of door to balloon time as a key quality metric and as a good candidate for 

institutional improvement agendas. More recently the concept of timely access to primary PCI 

has permeated the New Zealand literature (73) with the call to adopt a ‘hub and spoke’ system 

of early identification and referral to invasive methods of intervention. The structure of health 

care in New Zealand is likely to support this method of treatment allocation, with the evolving 

focus on efficient coordination between regional or peripheral hospitals and larger tertiary 

institutions, and the provision of timely primary PCI as the optimal standard of care. 

 

The notion of pre-hospital telemedicine for patients suspected of acute myocardial infarction 

was proposed as early as 1987 (134), however its use was never widely adopted, presumably 

because of the considerable resource implications. With the renewed focus on reperfusion 

times as a target for institutional improvement and the development of integrated systems of 

care, the use of a pre-hospital 12-lead electrocardiogram has been revived as a possible 

mechanism for improving door to balloon times and streamlining reperfusion protocols (73, 

102). By empowering paramedics to acquire an ECG prior to hospital arrival, the potential for 

early identification, notification, triage and institution of reperfusion protocols is slowly 

becoming a viable tool in the development of optimal systems of care. Even wider 

applications are penetrating contemporary considerations, whereby the diagnosis of 

reperfusion eligible myocardial infarction serves as an indication to bypass emergency 

departments or non-interventional hospitals in a regionalised model of care provision. In the 

wake of the randomised DANAMI-2 trial, transfer for primary PCI has been proven to be 

superior to thrombolysis when transfer times are less than 120 minutes, with follow up studies 

showing this result sustained to 7.8 years (135). It is feasible that pre-hospital ECG 

technology could also be used to facilitate and rationalise these transfer decisions. 

 

Paramedics have previously been shown as capable of acquiring and transmitting ECGs in the 

field (134, 136). When deciding how best to use this data in pathways of care there are a 

number of considerations to be made concerning the appropriate method of interpretation, and 

the weight to which this interpretation is accorded. Options that have been mooted include 

computer, paramedic or transmission for physician review.  
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However the pre-hospital ECG is used in modern STEMI treatment paradigms, it stands as a 

current ACC/AHA Class 1 recommendation. In spite of this, registry data proves under-

utilisation (137). Once again data from the United States provides a good measure of 

contemporary care; in a registry study from 2000-2002 only 8% of all patients receiving 

emergent PCI recorded having a pre-hospital ECG (137). In 2007 the National Cardiovascular 

Data Registry (NCDR) Acute Coronary Treatment and Intervention Outcomes Network 

(ACTION) registry estimated 24.7% of all patients transported by emergency medical 

services received this technology (138). This seems to indicate a growing trend of pre-hospital 

ECG use, and with the initiation of the above programs to raise awareness of reperfusion 

times we can assume the recent continuation of this trend, at least in the American forum.   

 

Two systematic reviews have been identified as previously evaluating the use of pre-hospital 

ECGs in reducing times to reperfusion (139, 140). One of these studies reported exclusively 

on the use of thrombolytic therapy, which does not reflect contemporary optimal management 

therapy any longer. Whilst the other review does pertain to primary PCI, and has only been 

recently published, it was felt possible that a number of studies appropriate for inclusion may 

have been missed from identification. Thus it was perceived that there was a need to 

systematically quantify the reduction in door to balloon time and mortality when 

implementing a program of pre-hospital ECG use.  

 

 

2.2 Objective 

The goal of performing this systematic review was to formally evaluate the evidence for pre-

hospital ECG use as a strategy to reduce door to balloon catheter reperfusion times and to 

improve outcomes, including mortality, in patients presenting with STEMI. 

 

 

2.3 Methods 

2.3.1 Protocol 

Prior to the execution of this review a protocol was developed in order to pre-define the 

parameters for inclusion in terms of population, interventions, comparators, outcomes and 
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study design. The selection procedure and data extraction process were also defined, along 

with a reference to the intended methods of synthesis and methodological quality assessment, 

to the best of the primary review author’s ability (Appendix One). This protocol was based on 

initial scoping of the literature, at the direction of a consultant cardiologist with a particular 

interest in the field. 

 

2.3.2 Types of participants 

The population of interest regarding this review were patients who presented with acute ST-

segment elevation myocardial infarction, diagnosed by pre-hospital ECG, who were intended 

for primary PCI. Valid comparator populations were those presenting with STEMI, intended 

for primary PCI, who did not have a pre-hospital ECG. Preferably those patients would have 

also been transported by emergency services, but studies involving self-transported control 

groups were also considered for inclusion at the discretion of the primary review author. 

 

There were no restrictions placed on the method of STEMI diagnosis (i.e. studies were 

included regardless of physician, paramedic or computer diagnosis), and we did not pre-

specify the degree of ST-elevation required to constitute a STEMI. The diagnosis was 

considered relevant if it represented an acute, reperfusion eligible STEMI in the study-specific 

setting. Patients who presented to local or peripheral hospitals initially (be they intervention 

or control group) were included, as it was felt that by excluding these populations it may have 

reduced the possibility for evaluation of pre-hospital ECG use in the bypass of non-

interventional hospital triage model. 

 

2.3.3 Types of interventions 

The intervention of concern was the use of 12-lead ECGs in the pre-hospital setting for 

patients with suspected STEMI for whom urgent primary percutaneous coronary intervention 

was indicated. Pre-hospital ECGs may have been interpreted by emergency personnel, 

transmitted for interpretation, or otherwise used in pathways of care or triage to bypass 

emergency departments or non-interventional hospitals, or within a regionalised system of 

care. No studies were to be excluded based on the specific technology used to attain the ECG, 

and likewise with the conjunctive pharmacologic therapy administered, assuming this was 

consistent across the intervention and control group within the individual study. 



 

36 

 

2.3.4 Types of outcome measures 

The primary outcomes deemed relevant from initial scoping of the topic were (1) changes in 

catheter reperfusion (or ‘door to balloon’) times, and (2) mortality (in-hospital, 30-day, one-

year). This was based on the numerous reports recognising door to balloon time as a key 

quality metric that is amenable to modification by the potential of early STEMI diagnosis. 

Mortality was also included as a primary outcome as it was identified from the literature as 

the logical sequel to a reduced door to balloon time, and a significant concern when 

considering changes to institutional protocols. Studies were to be included when at least one 

of these primary outcomes was recorded. Where the study did not numerically report at least 

one of these measures it was deemed to be insufficient and therefore excluded.  

 

Secondary outcomes were established as (1) a measure of the proportion of STEMI cases 

having a door to balloon time of less than 90 minutes; (2) pre-hospital ECG transmission 

success/failure rates; (3) any other relevant time intervals published, and (4) any morbidity 

outcomes recorded, including (but not restricted to) length of hospital stay, rates of heart 

failure, rehospitalisation, and changes in left ventricular ejection fraction. Where these 

measures were recorded they were to be extracted, but did not form a basis for inclusion or 

exclusion of a particular study. 

 

2.3.5 Types of studies 

We intended to include published studies that evaluated outcomes from incorporating pre-

hospital ECG use compared to previous usual standard care. This review was not restricted to 

randomised control trials. Interrupted time series and before and after study designs were also 

considered for inclusion. It was felt important to include non-randomised trial designs due to 

the nature of the intervention, and how pre-hospital ECG use has been incorporated into 

optimising care, including into regionalised systems of STEMI management. Initial scoping 

searches indicated that such systems may have undergone formal evaluation, but not 

necessarily by randomised controlled trial designs. 

 

Studies that fell outside the randomised or quasi-experimental trial designs specified were 

excluded. Due to resource constraints, only published reports in the English language were 

considered and the sole reporting of an abstract (e.g. in conference proceedings) was grounds 

for exclusion, despite this potentially introducing publication bias. As an arbitrary measure, 
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studies were only accepted for inclusion if they had ten or greater participants in the control 

and intervention group. 

 

2.3.6 Information sources 

Studies were identified primarily by searching electronic databases, and the subsequent 

bibliography scanning of those papers identified for full text review. Due to resource 

limitations the search was restricted to published, English language reports. This search was 

applied to the databases Medical Literature Analysis and Retrieval System Online 

(MEDLINE) (1950 to present), Excerpta Medica Database (EMBASE) (1947 to present) and 

Cochrane Central Register of Controlled Trials (1991 to present) via Ovid, and the 

Cumulative Index to Nursing and Allied Health Literature (CINAHL) database (1981 to 

present) via EBSCO. The last search was run on the 21st of June, 2010. Where data were 

reported incomplete or ambiguously there were no further attempts to contact study authors, a 

notable limitation of this review. 

 

2.3.7 Search 

Figure 2.1 displays the search terms used to identify relevant papers in the electronic database 

MEDLINE (via Ovid). This core search strategy was adapted to the other databases following 

discussion with an experienced medical librarian concerning the subtle differences between 

databases and the various platforms. Appendix Two details the full search strategies used 

across the range of databases. 
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Figure 2.1: MEDLINE Search Strategy 

 

01. Myocardial Infarction/ 

02. myocardial infarct*.tw. 

03. (st adj3 elevation).tw. 

04. stemi.tw. 

05. ami.tw. 

06. acute coronary.tw. 

07. (acute adj3 infarct*).tw. 

08. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7  

09. Angioplasty, Transluminal, 

Percutaneous Coronary/ 

10. Angioplasty/ 

11. Angioplasty, Balloon/ 

12. (percutaneous adj3 intervention).tw. 

13. pci.tw. 

14. angioplasty.tw. 

15. (cardiac adj3 catheter*).tw. 

16. 9 OR 10 OR 11 OR 12 OR 13 OR 14 

OR 15  

17. Electrocardiography/ 

18. electrocardio*.tw. 

19. ecg.tw. 

20. ekg.tw. 

21. (prehospital adj5 ecg*).tw. 

 

22. (prehospital adj5 electrocardio*).tw. 

23. Telemedicine/ 

24. Emergency Medical Service 

Communication Systems/ 

25. Emergency Medical Services/ 

26. Triage/ 

27. 17 OR 18 OR 19 OR 20 OR 21 OR 

22 OR 23 OR 24 OR 25 OR 26 

28. Time Factors/ 

29. door to balloon.tw. 

30. (reperfusion adj3 time*).tw. 

31. (treatment adj3 delay*).tw. 

32. Mortality/ 

33. Hospital Mortality/ 

34. Survival Analysis/ 

35. Survival Rate/ 

36. Ventricular Dysfunction, Left/ 

37. ventric* function.tw. 

38. rehospit*.tw. 

39. 28 OR 29 OR 30 OR 31 OR 32 OR 

33 OR 34 OR 35 OR 36 OR 37 OR 

38 

40. 8 AND 16 AND 27 AND 39 

 

 

 

 

Complete MEDLINE search strategy. A forward slash (/) indicates a Medical Subject Heading (MeSH) term. An 

asterisk (*) indicates unlimited truncation searching. The Text Word suffix (.tw.) searches title and abstract 

fields for the keyword search. The adjacent plus numerator tool (adj’n’) returns the adjacent terms within the set 

limit of a phrase. OR and AND are set Boolean operators.  
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2.3.8 Study selection 

Results obtained from the searching of electronic databases and bibliographies of identified 

studies were screened on the basis of titles and abstracts by the primary reviewer. The full text 

of studies identified as likely (or unclear) for inclusion were obtained and matched to the 

specific inclusion and exclusion criteria, as specified in the preliminary protocol. Duplicates 

of published studies were identified by juxtaposing authors and study settings/dates of the 

articles deemed likely for inclusion. 

 

2.3.9 Data items and collection 

Clinical, methodological and statistical data was extracted from the identified papers by the 

primary reviewer. The data extraction form used included a detailed extraction of general 

study information, study characteristics, participant characteristics, intervention and setting 

characteristics and all outcome data for each pre-specified outcome and each intervention or 

control group. Although it would have been preferable to have two reviewers extract all 

relevant data, this exceeded the means of the review. While all fields were triple-checked by 

the reviewer, the potential remains for a retrospective review of all presented results by an 

independent reviewer in order to improve the validity of the presented study. 

 

2.3.10 Risk of bias in individual studies 

The methodological quality of studies was assessed using a published, standardised checklist 

designed to assess healthcare interventions, as recommended by an experienced statistician 

(141). This checklist has been validated for both randomised and non-randomised studies and 

produces an overall score in terms of reporting, external validity, internal validity (bias and 

confounding) and power. This was applied to all studies meeting the criteria for review 

inclusion and the results have been presented in a tabular format. As stated, randomised 

controlled data was not expected and quality assessment was not expected to be a stand-alone 

reason for the exclusion of any study. We excluded from the assessment tool question 14, 

which was related to internal validity and the blinding of subjects to the intervention they 

received, as this was not judged relevant. 
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2.3.11 Summary measures and planned methods of analysis 

Reduction in mean or median door to balloon time, and rates of mortality were the primary 

measures of treatment effect. While it would be statistically preferable to present all data as 

difference in means, the focus on reporting door to balloon times as medians by the governing 

cardiology organisations was felt likely to preclude this possibility. To reduce selection bias 

populations were included regardless of the numerical format of reporting. When presenting 

results it has been clearly indicated whether these are mean or median values. 

 

The variable reporting of means and medians poses difficulties for the implementation of 

meta-analyses to determine size of any effect of the intervention. Similarly, it was felt that 

pooling results from the diverse, non-randomised data potentially available may have become 

misleading as excess weight was accorded to non-robust data. In the protocol it was specified 

that meta-analysis was unlikely, but not entirely discounted. Once the results were acquired it 

became clear that meta-analysis was beyond the scope of this review, as there was significant 

need for advanced methodological assessment and adjustment of values to procure a 

meaningful summary. Thus it is intended to provide an overall narrative summary of results 

and leave meta-analysis for a future research opportunity. 

 

 

2.4 Results 

2.4.1 Study selection 

Electronic database screening yielded a total of 3077 papers; 262 in Cochrane Central, 388 in 

CINAHL, 1099 in EMBASE and 1328 in MEDLINE. Duplicates were removed using the 

automated duplicate removal function in reference manager EndNote X3, and double checked 

by hand, resulting in a total of 2266 papers for title and abstract screening. This process was 

completed by the primary reviewer. Studies were grouped either as ‘Exclude’, ‘Unclear’ or 

‘Likely’, based on their likeliness to fulfil the pre-specified inclusion criteria. At this stage a 

reasonably broad approach to selection was maintained; in general the simple mention of pre-

hospital ECG use posed as grounds for full text review. At the completion of this process 101 

papers were identified as requiring their full text reviewed; 58 classified as ‘Unclear’ and 43 

as ‘Likely’.  
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All studies identified for full text review were obtained bar one, which was not available 

electronically and the medical librarians could not source via Interloan. Full text review by the 

primary reviewer of these remaining 100 papers excluded 80 and identified 20 for primary 

inclusion. Figure 2.2 summarises this process and the specific reasons for the exclusion of 

papers. One paper was excluded as it was a multiple report of an included study with a study 

period extending beyond that of the first report (142). Ten months overlap was adjudicated as 

significant, as it was impossible to determine which patients were exclusive to the second 

report. During the process of data extraction two further studies were excluded: one for being 

an unrecognised duplicate report (143), and the other for containing insufficient numerical 

data (144).  

 

Of the 100 papers obtained, each report had its bibliography screened for further potentially 

relevant studies. 86 further studies were identified; generating 51 additional papers after 

duplicates from the prior electronic database searching were removed. 
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Figure 2.2: Search Strategy Flow Diagram 

DATABASE SEARCHING 

Central: 262 

CINAHL: 388 

EMBASE: 1099 

MEDLINE: 1328 

BIBLIOGRAPHY SEARCHING 

All identified (minus duplicates): 86 

With duplicates removed: 2266 

Identified for full text screening: 101 

 Unclear: 58 

 Likely 43 

 Not found: 1 

Reasons for Exclusion: 

12: Not pertaining to pre-hospital ECG use 

10: Pre-hospital ECG use a baseline interference for 

intervention and control populations 

1: No door to balloon or mortality data given 

9: Insufficient or absent comparator data 

2: Does not involve a percutaneous mechanical strategy 

1: Pre-hospital ECG not used in pathways of care 

2: Population size not meeting criteria 

1: Pertaining to all AMI rather than STEMI exclusively 

5: Registry or cross-sectional studies 

2: Narrative 

6: Case reports 

20: Review, commentary or editorial papers 

4: Letter or correspondence 

5: Multiple report of same study 

 

With duplicates from database searching 

removed: 51 

Reasons for Exclusion: 

12: Not pertaining to pre-hospital ECG use 

6: No door to balloon or mortality data given 

6: Insufficient or absent comparator data 

5: Does not involve a percutaneous mechanical 

strategy 

7: Pre-hospital ECG not used in pathways of care 

1: Pertaining to all AMI rather than STEMI 

exclusively 

2: Registry or cross-sectional studies 

1: Narrative 

2: Case reports 

4: Review, commentary or editorial papers 

1: Multiple report of same study 

2: Foreign language paper 

2: Abstract only 

 

20 studies for primary inclusion 

18 studies for final review inclusion 

Two studies further excluded:  

1: Duplicate report 

1: Insufficient numerical data 
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2.4.2 Study Characteristics 

Table 2.1 provides a summary of the 18 papers identified for inclusion in the final review. All 

studies were of an observational, ‘before and after’ design: 12 studies were performed 

prospectively, four were retrospective and two did not explicitly specify in their publication. 

No randomised controlled data was identified from extensive literature searching. Eight 

studies were descriptive of a single-centre concern; eight were multi-centre, with a variable 

number of peripheral hospitals referring on to one interventional centre. One study involved 

three interventional centres, and one did not specify how many peripheral hospitals or 

interventional centres were involved in data collection. Seven studies were identified from the 

United States of America; three from Denmark; two from Australia; two from Italy; one from 

Canada; one from the United Kingdom; one from the Netherlands and one from Germany. 

 

The number of participants in each intervention group across the studies ranged from 20 to 

616 individuals. Two studies reported a breakdown of the intervention group into two groups: 

one involved comparison of activation of the catheterisation laboratory prior to hospital 

arrival against in-hospital activation, the other compared pre-hospital ECG acquisition with 

transport to a peripheral hospital against pre-hospital ECG acquisition with direct transport to 

the interventional centre. 

 

Relevant control data was available for all studies; ranging from 18 to 821 individuals. 

However there was considerable variation in what was deemed an appropriate control 

population. Eleven studies included data on a single control population. Of these, three were 

historic control groups transported by emergency medical services (EMS) to the 

interventional centre. Two were concurrent control groups, transported by EMS to a 

peripheral hospital and referred for primary intervention, and one was a concurrent control 

group, transported by EMS direct to the interventional centre for primary PCI. The remaining 

five were a mix of different methods of presentation: two groups were concurrently 

transported by EMS to peripheral and interventional centres, one group involved self-

transported and EMS transported patients to both peripheral and an interventional centre, one 

was self-transported and EMS transported direct to the interventional centre, and the last was 

concurrently self-transported either to the peripheral or interventional centre. Seven further 

studies included a breakdown of control groups into two subsets. Three of these were two 

separate concurrently presenting populations; another three were separate concurrent and 
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historically presenting controls; and the last control group was a breakdown of two historic 

control populations. Table 2.1 includes a full description of these populations.  

 

Thirteen studies involved ECG acquisition by paramedic staff. Four had some physician input 

into the ECG acquisition process and one study did not specify who was obtaining the pre-

hospital ECG. Ten studies allowed for transmission of the ECG from the attending 

ambulance; seven had no transmitting capabilities; and one study broke the intervention group 

down to whether ECG transmission was performed or not. Of those studies not allowing ECG 

transmission, one study relied on computer diagnosis; three were a mix of computer and 

paramedic personnel interpretation, and three were straight paramedic diagnoses. The 

remaining studies allowed for physician interpretation of the pre-hospital ECG: six of which 

involved interpretation by cardiology physicians, the rest by emergency department (ED) 

physicians. 

 

In terms of activation of the cardiac catheterisation laboratory (CCL) on the basis of the pre-

hospital ECG, some allowance for this was made in every study identified. Nine studies 

explicitly allowed for bypass of non-interventional hospitals, and one study included an 

interventional group sub-set where bypass of two peripheral hospitals occurred. Thirteen of 

the included studies made some allowance for the bypass of the interventional ED, although 

this was restricted to ‘regular hours’ in most of the studies where this did occur. Refer to 

Table 2.1 for a full description of interventions. 

 

2.4.3 Quality assessment of included studies 

The overall score out of 31 for the quality assessment of the 18 included studies are detailed 

in Table 2.2. This evaluation was undertaken only by the primary reviewer, therefore the 

accuracy of assessment cannot be appraised with any inter-rater scores, as would be the 

preferred method. Very generally, the papers scored highly in terms of quality of reporting 

and reasonably well in terms of bias related to internal validity and power. However scores 

for both selection bias and external validity were poor, which is felt to be a reasonable 

reflection on the types of observational data that was obtained from comprehensive literature 

searching. 



 

 

Table 2.1 Summary of Included Studies 

Study Design Setting Date Intervention 

Population 

Control Population ECG 
Acquisition 

ECG 
Transmission 

ECG 
Interpretation 

Activation 

of CCL 

Bypass of 

Peripheral 

Hospitals 

Bypass of 

Interventional 

ED 

Adams et 

al. (145) 

Prospective 

before and 

after study 

Single centre. 

North Carolina, 

(U.S.) 

August 

2001 to 

May 

2003 and 

June 

2003 to 

May 

2005 

n=24 

Transported by EMS, 

successful ECG 

transmission 

1. n=48 

Transported by EMS 

prior to implementation  

2. n=101  

Concurrent self 

transported patients 

Paramedic Yes Cardiologist 

 

(Paramedic 

decides to 

transmit 

ECG) 

Yes, unless 

uncertainty 

about PCI 

necessity 

Not stated Yes, unless 

uncertainty 

about PCI 

necessity 

Afolabi et 

al. (146) 

Prospective 

before and 

after study 

Single centre. 

Cleveland, 

Florida (U.S.). 

Large suburban 

community 

October 

2001 to 

Novembe

r 2004 

n=100  

Transported by EMS, 

prehospital ECG and 

CCL alert 

1. n=18 

Concurrent transported 

by EMS, cath alert but 

no ECG 

2. n=44 

Concurrent self 

transported patients 

Paramedic Yes ED physician 

 

(Paramedic 

decides to 

transmit 

ECG) 

Yes Not stated Not stated 

Brown et 

al. (147) 

Prospective 

before and 

after study 

Single centre. 

San Diego, 

California 

(U.S.). Major 

metropolitan 

area 

January 

2005 to 

June 

2006 

n=20 

Transported by EMS, 

confirmed STEMI 

diagnosis 

1. n=28 

Concurrent self 

transported patients 

2. n=30 

All STEMI patients with 

CCL activation in the 

previous year (2004) 

Paramedic No Paramedic Yes Not stated Not stated 

Carstensen 

et al. (148) 

Prospective 

before and 

after study 

Sydney 

(Australia). 

Four peripheral 

hospitals 

referring to one 

interventional 

centre 

1 April 

2004 to 

30 

Septembe

r 2005 

n=108 

101 direct to CCL, 7 ED 

reassessed. 

Field triage capable 

ambulance sent if AMI 

suspected 

n=193 

120 from peripheral 

hospital; 73 from 

interventional centre ED, 

all EMS transported 

Paramedic Yes ED physician Yes Yes Yes, unless 

unstable 

during 

transport 

Caudle et 

al. (149) 

Retrospecti

ve before 

and after 

study 

Single centre, 

Frontenac 

(Canada). 

Regional 

population 

One year 

intervals 

ending 

31 March 

2005 and 

30 June 

2006 

n=39  

9 direct to the CCL or 

<15 minutes in ED. 

Transported by EMS in 

year following 

implementation 

n=42 

Transported by EMS in 

year prior to 

implementation. 

Paramedic No Computer Yes Not stated Yes, if 

immediately 

available 

(i.e. regular 

hours) 
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Table 2.1 Summary of Included Studies 

Study Design Setting Date Intervention 

Population 

Control Population ECG 
Acquisition 

ECG 
Transmission 

ECG 
Interpretation 

Activation 

of CCL 

Bypass of 

Peripheral 

Hospitals 

Bypass of 

Interventional 

ED 

Dhruva et 

al. (150) 

Prospective 

before and 

after study 

(retrospecti

ve controls) 

Single centre, 

New Jersey 

(U.S.) 

June 

2006 to 

Decembe

r 2006, 

plus the 

year prior 

n=20 

Transported by EMS 

with suspected STEMI 

n=29 

All STEMI patients 

transported by EMS in 

the year prior to 

implementation 

Paramedic Yes Cardiologist Yes No Yes, if cath 

lab 

immediately 

available 

(i.e. regular 

hours) 

Dorsch et 

al. (151) 

Prospective 

before and 

after study 

Leeds (U.K.). 

Two peripheral 

hospitals 

referring to one 

interventional 

centre. Urban 

population 

1 April 

2005 to 

30 April 

2007. 

Protocol 

initiated 

from 

February 

2006. 

n=172 

Transported by EMS 

directly admitted to 

CCL. 

n=405 

EMS transport and self 

transported to the ED.  

188 from interventional 

centre; 147 from 

peripheral hospital 1 (3 

miles away); 70 from 

hospital 2 (19 miles 

away) 

Paramedic No Paramedic Yes Yes Yes, if cath 

lab 

immediately 

available 

(i.e. regular 

hours) 

Gross et al. 

(152, 153) 

Retrospecti

ve before 

and after 

study 

Oregon, 

California 

(U.S.). Four 

peripheral 

hospitals 

referring to one 

interventional 

centre. 

June 

2003 to 

Decembe

r 2004 

n=81 

Transported by EMS, 

triaged to pPCI 

1. n=37 

Concurrent self 

presented to 

interventional centre 

2. n=115 

Self presented to one of 

four peripheral hospitals 

Breakdown across 

referral hospitals 

available. 

Paramedic No Paramedic/ 

Computer 

Yes Yes No  

 

(NOTE: 

walk-ins to 

the 

peripheral 

hospitals 

transferred 

direct to 

CCL) 

Hutchison  

et al. (154) 

Prospective 

before and 

after study 

Monash, 

Victoria 

(Australia). 

Two peripheral 

hospitals 

referring to one 

interventional 

centre. 

Metropolitan 

area. 

Decembe

r 2007 to 

October 

2008. 

Historic 

controls 

between 

June and 

Decembe

r 2007 

n=107 

Transported by EMS, 

undergoing PCI 

1. n=122 

Concurrent self- and 

EMS transported without 

ECG capabilities. 86 

from interventional 

centre; 28 from referral 

hospital 1; 8 from 

referral hospital 2.  

2. n=120 

Historic controls. 

Conflicting reports 

whether EMS or some 

self transported 

Paramedic Yes ED physician 

 

(Paramedic 

decides to 

transmit 

ECG, 

cardiologist 

confirms 

CCL 

activation) 

Yes Yes Yes 
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Table 2.1 Summary of Included Studies 

Study Design Setting Date Intervention 

Population 

Control Population ECG 
Acquisition 

ECG 
Transmission 

ECG 
Interpretation 

Activation 

of CCL 

Bypass of 

Peripheral 

Hospitals 

Bypass of 

Interventional 

ED 

Ortolani et 

al. (155) 

Before and 

after study 

Bologna (Italy). 

Nine peripheral 

hospitals 

referring to one 

interventional 

centre 

January 

2003 to 

Decembe

r 2004 

n=166 

Transported by EMS, 

triaged to PCI 

1. n=316 

Concurrent diagnosis at 

the interventional centre 

ED. 

2. n=176 

Concurrently referred to 

PCI from peripheral 

hospitals (generally 

higher risk patients) 

Ambulance 

personnel - 

one 

physician 

and two 

paramedics 

Yes Cardiologist Yes Yes Yes, if 

immediately 

available 

(i.e. regular 

hours) 

Pedersen et 

al. (156) 

Prospective 

before and 

after study 

Copenhagen 

(Denmark). Ten 

peripheral 

hospitals 

referring to one 

interventional 

centre. 

Predominately 

urban 

January 

2005 to 

July 2008 

n=616 

Transported by EMS, 

intended for PCI 

n=821 

Concurrent self 

presenters to peripheral 

hospitals; self- or EMS 

transported (without 

ECG facilities) to the 

interventional centre ED, 

or patients already 

admitted to a hospital. 

85% from peripheral 

hospitals 

Paramedic Yes Cardiologist Yes Yes Yes 

 

(NOTE: 

some 

patients 

from the 

peripheral 

hospitals 

transferred 

direct to 

CCL) 

Rao et al. 

(157) 

Prospective 

before and 

after study 

Michigan 

(U.S.). Three 

interventional 

hospitals 

1 October 

2003 to 

30 April 

2008 

n=108 

Transported by EMS to 

one of three hospitals, 

intended for PCI 

n=241 

Concurrent self 

transported or EMS 

without ECG capabilities 

Paramedic Yes ED physician Yes Not stated Yes 

Sillesen et 

al. (158) 

Before and 

after study. 

Retrospecti

ve controls 

Single centre. 

Copenhagen 

(Denmark). 

Urban 

October 

2002 to 

October 

2003 

n=27 

Transported by EMS, 

intended for PCI 

1. n=22 

Historic from DANAMI-

2 trial, admitted directly 

to same hospital. 

2. n=89 

Historic controls from 

DANAMI-2 trial. 

Admitted to a peripheral 

hospital and randomised 

to PCI. Unclear whether 

self transported or EMS 

transported. 

Non-

cardiology 

physician 

Yes Cardiologist Yes Yes Yes 
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Table 2.1 Summary of Included Studies 

Study Design Setting Date Intervention 

Population 

Control Population ECG 
Acquisition 

ECG 
Transmission 

ECG 
Interpretation 

Activation 

of CCL 

Bypass of 

Peripheral 

Hospitals 

Bypass of 

Interventional 

ED 

Swor et al. 

(159) 

Prospective 

before and 

after study 

Detroit (U.S.). 

Suburban 

teaching 

hospital 

January 

2003 to 

October 

2005 

1. n=31 

EMS transported, 

intended for PCI with 

prior AMI team 

activation 

2. n=62 

EMS transported, AMI 

team activated after ED 

evaluation 

n=69 

Concurrent EMS 

transported, ED ECG 

and evaluation. 

Paramedic No Paramedic/ 

Computer 

In one 

intervention 

group 

Not stated No 

Terkelsen 

et al. (160) 

Prospective 

before and 

after study 

Aarhus 

(Denmark). 

Two peripheral 

hospitals 

referring to one 

interventional 

centre. 

31 

October 

2002 to 

31 

January 

2004 

1. n=85 

Transported by EMS to 

peripheral hospital with 

prior notification 

2. n=21 

Transported by EMS 

direct to interventional 

centre 

n=55 

Concurrent EMS 

transport; diagnosed at 

peripheral hospital then 

transferred to 

interventional hospital 

Ambulance 

physician 

or GP 

In group (1) 

65/85; in 

group (2) 

10/21. 

Dependent on 

ambulance 

capabilities. 

Ambulance 

physician, GP 

or hospital 

physician (via 

telemedicine). 

Yes In 

intervention 

group (2) 

Not stated 

van ‘t Hof 

et al. (161) 

Retrospecti

ve before 

and after 

study 

Netherlands. 

Unspecified 

peripheral 

hospitals 

referring to 

interventional 

centres 

June 

2001 to 

Novembe

r 2002 

n=209 

Transported by EMS, 

intended for PCI 

n=258 

Concurrent EMS 

transport; diagnosed at 

peripheral hospital then 

transferred to 

interventional hospital 

Paramedic No Paramedic/ 

Computer 

Yes (in both 

groups) 

Yes Yes (in both 

groups) 

van de Loo 

et al. (162) 

Prospective 

before and 

after study 

Single centre. 

Freiburg 

(Germany). 

 

Not 

stated 

n=63 

Transported by EMS, 

intended for PCI 

n=74 

Historic controls, 

transported by EMS for 

ED assessment. 

Ambulance 

physicians 

No Physicians/a

mbulance 

team 

Yes Not stated Yes 

Zanini et 

al. (163) 

Retrospecti

ve before 

and after 

study 

Mantova (Italy). 

Six peripheral 

hospitals 

referring to one 

interventional 

centre.  

June 

2003 to 

June 

2005 

n=136 

Transported by EMS, 

intended for PCI.  

122 undergoing pPCI 

n=263 

Concurrently referred to 

CCL after self transport 

to the peripheral or 

interventional ED. One 

third from local 

hospitals. 

Ambulance 

personnel. 

Unclear 

whether 

physician. 

Yes Cardiologist Yes (in both 

groups) 

Yes Yes 

    4
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2.4.4 Summary of primary outcomes 

At least one of the primary outcomes was reported in each of the included studies. Sixteen 

studies recorded door to balloon times; eight reported on in-hospital mortality; two on 30-day 

mortality and two on one-year mortality. A summary of the primary outcomes reported is 

displayed in Table 2.2. As previously stated both meta-analysis and major statistical tests 

were not intended to be undertaken to aggregate results due to disparate methods of reporting 

and study designs. Additionally, the variable reporting of means and medians has precluded 

data representation by forest plot, as would be the preferred method.  

 

Overall, the median difference in door to balloon times ranged from a statistically significant 

77 minute reduction to a statistically significant nine minute increase with the institution of a 

pre-hospital ECG protocol. The mean difference in reperfusion times ranged from a 68 minute 

reduction to a 15 minute reduction, both values being statistically significant reductions in 

treatment times or delays. Ten papers reported median values, four reported on mean values 

and two reported both mean and median data, somewhat limiting the comparability of this 

data set. 

 

It is clear that the effect on door to balloon times varies greatly with the type of control data 

used to compare the data outcomes. Where the study has included non-interventional hospitals 

as a potential route of admission we have adopted the convention to report time of 

presentation to the first hospital as the definition of ‘door’ time. If the only measure available 

was the admission to the interventional hospital to balloon time this has been duly noted. The 

single study to report an increase in door to balloon times with the institution of a pre-hospital 

ECG protocol was such a paper: only reporting interventional hospital door to balloon time in 

its outcome measures (160). With the control group having been admitted to a local hospital 

initially it may be expected that there would be no discernable differences in door to balloon 

times, as the interventional centre would be pre-warned about the arrival of a STEMI case. If 

this study had reported first hospital to balloon times we would likely expect to see a 

reduction in treatment times; for example the studies by Carstensen et al. (148), Dorsch et al. 

(151), Gross et al. (152), and Sillesen et al. (158) all reported a significant reduction in 

median reperfusion times when their control groups included at least an element of STEMI 

patients presenting to non-interventional centres as the first ‘door’ time. 
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The discrepancy in control data similarly makes meaningful comparisons difficult. The use of 

historic controls appeared to result in the largest apparent treatment time reductions: with a 

median range from 25 minute to 75 minute reductions (six values), and a mean range from 68 

minute to 34 minute reductions (three values; all statistically significant). The use of 

concurrent, interventional centre ED walk-in STEMI controls produced similar significant 

declines: two median values of 46 and 25 minute reductions, and two mean reductions of 52 

and 57 minutes were presented in the literature. Generally the remaining studies involved 

various combinations of interventional and non-interventional centres, EMS transported and 

ED walk-in and concurrent and historic STEMI populations as comparator data. A form of 

sub-group analysis would be appropriate in order to delineate the precise effects of these 

variations on the reporting of treatment times, and remains as a future research prospect. 

 

The reporting of mortality data in the included studies was largely inconclusive (Table 2.2) 

and for the sake of clarity no relative risk reductions have been calculated. Of the eight studies 

that quantified in-hospital mortality data, only three studies reported numbers that nominally 

reached statistical significance (148, 152, 163), with each of these studies finding that a pre-

hospital ECG protocol reduced in-hospital mortality rates. Four of the remaining studies 

found a non-significant reduction in in-hospital mortality associated with the use of pre-

hospital ECGs; one further study favoured the control population, although once again this 

was non-significant. Two studies reported non-significant 30-day mortality data, and two 

studies reported one-year mortality: one significant and one non-significant. The one 

significant outcome demonstrated by van ‘t Hof et al. (161) favoured using pre-hospital ECG 

as a means to transfer EMS transported STEMI patients straight to an interventional centre, 

with the control population being initially diagnosed and triaged in peripheral hospitals. 

 



 

 

Table 2.2 Reported Primary Outcomes 

Study Population Group Door to Balloon Times Mortality (In-Hospital) Mortality (30-Day) Mortality (One-Year) Population Summary Quality 

Assessment 

Adams et al. Intervention 

Control (1) 

Control (2) 
Median Difference (1) 

Median Difference (2) 

p Value 

50 (median); 30 – 66 (IQR) 

101 (median); 80 – 132 (IQR) 

96 (median); 75 – 120 (IQR) 

-51 minutes 

-46 minutes 
<0.0001 

NA NA NA n=24 

n=48, historic 

n=101, conc. ED walk-ins 

20 

Afolabi et al. Intervention 

Control (1) 
Mean Difference 

p Value 
Control (2) 

Mean Difference 

p Value 

53 (mean); 21 (SD) 

68 (mean); 20 (SD) 

-15 minutes 
0.007 

105 (mean); 38 (SD) 

-52 minutes 
<0.001 

NA NA NA n=100 

n=18, conc. cath alert without 

ECG 

 
n=44, ED walk-ins 

 

 

19 

Brown et al. Intervention 

Control (1) 
Mean Difference (1) 

Control (2) 
Mean Difference (2) 

p Value 

73 (mean); 19 (SD) 

130 (mean); 66 (SD) 

-57 minutes 
141 (mean); 49 (SD) 

-68 minutes 
<0.001 

0 

3 (11%) 

 
1 (3%) 

 
0.22 

NA NA n=20 

n=28, conc. ED walk-ins 

 
n=30, historic 

22 

Carstensen et 

al. 

FIRST HOSP 

TO 

BALLOON 

Intervention 

Control 
Median Difference 

p Value 

39 (median); 29 – 67 (IQR) 

116 (median); 87 – 161 (IQR) 

-77 minutes 
<0.001 

2 (1.9%) 

14 (7.3%) 

 

0.046 

NA NA n=108(93
1
), 101 direct CCL 

n=193(145
1
), conc. 120 from 

local hosp 

24 

Caudle et al. Intervention 

Control 

Median Difference 

p Value 

62 (median); 40 – 80 (IQR) 

87 (median); 67 – 108 (IQR) 

-25 minutes 
<0.001 

NA NA NA n=39 

n=42, historic 

21 

Dhruva et al. Intervention 

Control 
Mean Difference 

p Value 

80.1 (mean); 35.4 (SD) 

145.6 (mean); 76.9 (SD) 

-65.5 minutes 
0.001 

NA NA NA n=20 

n=29, historic 

24 
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Table 2.2 Reported Primary Outcomes 

Study Population Group Door to Balloon Times Mortality (In-Hospital) Mortality (30-Day) Mortality (One-Year) Population Summary Quality 

Assessment 

Dorsch et al. Intervention 

Control 

Median Difference 

p Value 

58 (median) 

105 (median) 

-47 minutes 
<0.001 

NA 4.1% 

5.4% 

 
0.49 

4.1% 

7.2% 

 
0.16 

n=172 

n=405, conc/historic, 

local/interventional mix 

17 

Gross et al. 

FIRST HOSP 

TO 

BALLOON 

Intervention 

Control (1) 

Median Difference (1) 

Control (2) 
Median Difference (2) 

p Value 

83 (median); 66 – 104 (IQR) 

108 (median); 79 – 143 (IQR) 

-25 minutes 
149 (median); 117 – 186 (IQR) 

-66 minutes 

0 

0 

 
4.3% 

 
0.007 

NA NA n=81 (73
1
) 

n=32(37
1
), conc. PCI centre 

walk –ins 

n=115 (95
1
) walk-ins from 

one of four local hospitals 

18 

Hutchison et 

al. 

ALL DOOR 

TO 

BALLOON 

Intervention 

Control (1) 

Median Difference (1) 

Control (2) 
Median Difference (2) 

p Value 

56 (median); 36.5 – 70 (IQR) 

98 (median); 73 – 127 (IQR) 

-42 minutes 
101.5 (median); 62.5 – 134 (IQR) 

-45.5 minutes 
<0.001 

NA NA NA n=107 

n-122, conc. Local/ 

interventional, walk-ins/EMS 

mix 

n=120, historic 

22 

Ortolani et al. 

 

Intervention 

Control (1) 

Control (2) 

p Value 

NA  

(ECG to balloon reported in paper) 

8 (4.8%) 

23 (7.3%) 

13 (7.4%) 

0.537 

NA NA n=166 

n=316, conc, walk-ins 

n=176, local hospitals 

20 

Pedersen et 

al. 

NOTE: ECG 

to balloon for 

intervention 

group 

Intervention 

Control 

Median Difference 

p Value 

83 (median); 67 – 100 (IQR) 

103 (median); 80 – 135 (IQR) 

-20 minutes 
<0.001 

 Graphical data but no 

numerical 

 n=616 

n=821, conc. Walk-ins/EMS, 

local/interventional mix 

25 

Rao et al. Intervention 

Control 
Mean Difference 

Median Difference 

p Value 

60.2 (mean); 62 (median) 

90.5 (mean); 82 (median) 

-30.3 minutes 

-20 minutes 
<0.0001 

0 

7 (2%) 

 
 
NS 

NA NA n=108 

n-241, conc. Walk-ins/EMS 

20 
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Table 2.2 Reported Primary Outcomes 

Study Population Group Door to Balloon Times Mortality (In-Hospital) Mortality (30-Day) Mortality (One-Year) Population Summary Quality 

Sillesen et al. 

FIRST HOSP 

TO 

BALLOON 

Intervention  

Control (1) 

Median Difference 

p Value 

Control (2) 
Median Difference 

p Value 

22 (median); 17 – 37 (IQR) 

94 (median); 80 – 98 (IQR) 

-72 minutes 
<0.01 

97 (median); 80 – 124 (IQR) 

-75 minutes  
<0.01 

NA NA NA n=27 

n=22, historic interventional 

centre 

 
n=89, historic local hosp 

16 

Swor et al. Intervention (1) 

Intervention (2) 

Control 
Median Difference (1) 

p Value 

Median Difference (2) 

p Value 

70.4 (median) 

96.3 (median) 

101.6 (median) 

-31.2 minutes  
0.007 

-5.3 minutes 
0.42 

NA NA NA n=31, CCL activation 

n=62, no CCL activation 

n=69, EMS to interventional 

centre 

19 

Terkelsen et 

al. 

NOTE: 

Interventional 

door to 

balloon for 

control group 

Intervention (1) 

Intervention (2) 

Control 

Median Difference (1) 

p Value 

Median Difference (2) 

p Value 

24 (median); 20 – 33 (IQR) 

30 (median); 26 – 38 (IQR) 

21 (median); 17 – 31 (IQR) 

+3 minutes 
0.16 

+9 minutes 
0.004 

4 (5%) 

0 

6 (11%) 

 
0.19 

 
0.18 

NA NA n=85(811), EMS to local 

hosp first 

n=21(211), local hosp bypass 

n=55(511), local hosp walk-

ins 

21 

van ‘t Hof et 

al. 

Intervention 

Control 

p Value 

NA NA 1.0% 

3.2% 

0.2 

2.1% 

6.0% 

0.04 

n=209 

n=258, EMS to local hosp 

19 

van de Loo et 

al. 

Intervention 

 

Control 

 

Mean Difference 

Median Difference 

p Value 

62 (mean); 27 (SD); 29 – 164 

(range); 56 (median) 

96 (mean); 55 (SD); 14 – 269 

(range); 83 (median) 

-34 minutes 

-27 minutes 
<0.001 

6 (8.1%) 

 

3 (4.8%) 

 

 

 
>0.05 

NA NA n=63 

 

n=74, historic 

22 

Zanini et al. 

ALL DOOR 

TO 

BALLOON 

Intervention  

Control 

Mean Difference 

p Value 

49 (mean); 18 (SD) 

88 (mean); 29 (SD) 

-39 minutes 
<0.001 

4 (3%) 

23 (8.7%) 

 
0.039 

NA NA n=136(1221) 

n=263(2231), local or 

interventional walk-in 

23 

                                                
1
 Number in brackets denotes those undergoing PCI 5

3
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2.4.5 Summary of secondary outcomes 

The secondary outcomes that were pre-specified as being of interest were (1) a measure of the 

proportion of STEMI cases having a door to balloon time of less than 90 minutes; (2) pre-

hospital ECG transmission failure rates; (3) any other relevant time intervals published, and 

(4) any morbidity outcomes recorded, including (but not restricted to) length of hospital stay, 

rates of heart failure, rehospitalisation, and changes in left ventricular ejection fraction. Of 

these outcomes, the proportion of door to balloon times less than 90 minutes was undoubtedly 

the most commonly reported. A select number of papers also reported on ECG transmission 

success or failure rates. These data, plus the morbidity outcomes listed, are summarised in 

Table 2.3. Note that no papers clearly quantified rehospitalisation or heart failure rates. In 

total an additional 24 separate time intervals were recorded across the eighteen included 

papers. In general only one or two papers reported a select time interval, therefore it was 

decided that presenting each of these instances would not add any credence to this review. 

 

Seven papers reported on the proportion of patients achieving a door to balloon time less than 

90 minutes (the guideline-imposed standard). Each of the reported outcomes supported the 

use of pre-hospital ECGs, with the five papers reporting p-values proving these benefits to 

reach statistical significance. In contrast, few papers reported on length of stay or left 

ventricular ejection fraction data, and no study could show a statistically significant difference 

in outcomes. Similarly, few papers stated ECG transmission failure or success rates, where 

this was attempted. Of those choosing to report this outcome, results varied widely from 44% 

to 1.3% failed transmissions. From the data available there is no way to rationalise such a 

wide value range. There has also been evolving literature on false-positive or incorrect acute 

activation of the catheterisation laboratory for STEMI, either from the field, EMS or 

emergency department. There is no systematic consistent measurement or description of this 

in the included studies and potentially we identify this issue as an important aspect in fully 

assessing the working practical benefits or problems with implementation of this strategy of 

management. 



 

 

Table 2.3 Reported Secondary Outcomes

 

 Proportion of Door to Balloon Times <90 minutes 

Brown et al. Intervention 

Control (1) 

Control (2) 

p Value 

80% 

25% 

10% 

<0.001 

Caudle et al. Intervention 

Control 

82% 

48% 

Dorsch et al. Intervention 

Control 

94% 

29% 

Gross et al. Intervention 

Control (1) 

Control (2) 

p Value 

58.3% 

37.5% 

5.2% 

<0.001 

Hutchison et al. Intervention 

Control (1) 

Control (2) 

p Value 

93% 

45% 

38% 

<0.001 

Rao et al. Intervention 

Control 

p Value 

97.4% 

61.5% 

<0.001 

Swor et al. Intervention (1) 

Intervention (2) 

Control 

p Value 

85.2% 

51.0% 

37.5% 

<0.001 

 ECG Transmission Failure Rates 

Adams et al. 19/43  “failed transmission” 

Carstensen et al 7/541  “not interpretable” 

Sillesen et al. 17/152  “unsuccessful transmissions” 

 

 

 

 

 

 Length of Stay 

Brown et al. Intervention 

Control (1) 

Control (2) 

p Value 

5 (mean); 3 (SD) 

6 (mean); 6 (SD) 

6 (mean); 6 (SD) 

0.70 

Rao et al. Intervention 

Control 

p Value 

3.3 (mean); 1.7 (SD) 

3.5 (mean); 3.2 (SD) 

NS 

Terkelsen et al. Intervention (1) 

Intervention (2) 

Control 

p Value 

5 (median); 4 – 6 (IQR) 

6 (median); 4 – 7 (IQR) 

5 (median); 4 – 7 (IQR) 

0.69; 0.24 

van de Loo et 

al. 

Intervention 

Control 

p Value 

9.5 (mean); 7.9 (SD); 1-50 (range); 7 (median) 

12.5 (mean); 10.9 (SD); 1-25 (range); 10 (median) 

NS 

 Left Ventricular Ejection Fraction (In-Hospital) 

Brown et al. Intervention 

Control (1) 

Control (2) 

p Value 

55 (mean) 

54 (mean) 

48 (mean) 

0.42 

Ortolani et al. Intervention 

Control (1) 

Control (2) 

p Value 

43 (median); 35 – 50 (IQR) 

43 (median); 35 – 50 (IQR) 

40 (median); 35 – 47 (IQR) 

0.65 

Terkelsen et al. Intervention (1) 

Intervention (2) 

Control 

p Value 

50 (median); 40 – 55 (IQR) 

47 (median); 36 – 55 (IQR) 

50 (median); 43 – 55 (IQR) 

0.44; 0.42 

van ‘t Hof et al. 

NOTE: LVEF 

not assessed in 

all patients 

Intervention 

Control 

p Value 

46 (mean); 10 (SD) 

44 (mean); 11 (SD) 

0.17 
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2.5 Discussion 

This review represents a comprehensive search of the literature surrounding the use of pre-

hospital ECGs in various pathways of care. Changes in door to balloon time was well 

canvassed as a primary outcome in a number of studies: collating these reports provides 

reasonable evidence that pre-hospital ECG use does play a significant role in reducing 

reperfusion times. Depending on the application of comparator populations and the presence 

of peripheral hospitals this median reduction has been shown to be anywhere up to 75 minutes 

in the available evidence. However, mortality as a primary outcome is less well defined. 

Although plausible intuitively and as a rational extrapolation from the evidence for reduced 

treatment times, there is probably not yet high-quality, robust evidence that the use of this 

technology produces substantial reductions in mortality rates. The magnitude of mortality 

reductions reported here may be further inflated by reporting bias, and also be confounded by 

other systems issues that are associated with better outcomes when patients have been 

assessed by pre-hospital ECG use. While the first chapter of this thesis discussed the prospect 

of every minute of delay to PCI having an effect on one-year mortality (52), further 

confirmatory studies with larger numbers and in a variety of settings are needed to verify 

outcome data on hard clinical end-points associated with pre-hospital ECG use. 

 

The secondary outcomes of interest were similarly poorly reported. While reductions in 

reperfusion times were supported by evidence showing the proportion of patients treated 

within 90 minutes increased with the use of pre-hospital ECGs in pathways of care, in general 

other outcomes of interest were inadequately recorded. For most studies this represents the 

use of small populations with limited follow-up data. While we did not report on morbidity 

outcomes such as rates of stroke or repeat revascularisation, there was a general paucity of 

clinical outcome reporting within the literature base and there were very few additional 

outcomes identified to extend the weight of this review. The methodological weakness of all 

of the studies identified presents the largest barrier to meaningful interpretation. There were 

no randomised controlled studies recognised from the literature base, and the use of 

heterogeneous control groups restricts significant comparison within the studies identified. In 

addition are the difficulties imposed by the variable reporting of mean and median values. 

There were no real attempts to assess costs, infrastructural, running or training costs and 

hence quantifying cost-efficacy. However the conclusions we draw here are largely consistent 
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with those put forth in previous reviews on this topic, and the sheer number of papers 

identified gives weight to the potential importance of this technology in furthering the 

contemporary aims of acute cardiac care. Many health systems are moving towards an all-

electronic record, including of ECG acquisition and storage. Together with widespread 

availability in ambulances of 12-lead ECG equipment and internet smart-phone technology, 

potentially all of the necessary components have currently become available to practicably 

realise the concept of accurate pre-hospital triage in order to streamline a time-critical and 

sometimes logistically unwieldy treatment strategy.  

 

This report has left open questions about who should be performing and interpreting pre-

hospital ECGs. For example, if one assumes activation of the catheterisation laboratory upon 

notification of an impending STEMI case, high false-positive rates could negate the 

usefulness of this technology, with the potential reluctance of cardiology staff to mobilise on 

alert. There remains the possibility of sub-group analysis on the basis of the data presented in 

this review; however other data available in the literature does provide some evidence to 

answer these remaining questions. One small study showed that when paramedics were 

compared to ED doctors, there was no significant difference in the levels of accuracy, 

specificity, sensitivity, negative predictive values or positive predictive values in STEMI 

diagnosis (164). An American study measured paramedic sensitivity as 80% and specificity at 

97% (165). However, other research estimated that transmission of the ECG to the emergency 

department for physician interpretation improved the positive predictive value of the pre-

hospital ECG interpretation when compared to solitary paramedic review from 70% to 91% 

(166).  

 

These data can also be considered in terms of true- or false-positive rates. One bayesian 

sensitivity analysis concluded that even if a high specificity were assumed of the accuracy of 

the pre-hospital ECG, the false-positive rate would be considerable if applied to a population 

at a low risk of STEMI (167). The study by Sejersten et al. estimated the true-positive rate at a 

relatively low 45.5% (168). This rate was higher when confounding factors weren’t present 

(such as prior myocardial infarction or poor quality ECG), but paramedic interpretation 

performed poorly when compared to an experienced cardiologist true-positive rate, which was 

not affected by such confounding factors. False-positive rates have elsewhere also been 

estimated to be reasonably high, with 9.2% of 1335 patients in a study shown to have no 
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culprit artery and negative biomarker results (169). This is invaluable information when 

considering how to best utilise pre-hospital ECGs. While on balance it seems likely that 

paramedics are capable of accurately interpreting ECGs, it may transpire that the most 

effective use of technology is to transmit the ECG whenever possible for physician 

interpretation, especially as cardiologists have been shown to be competent at interpreting 

ECGs when displayed on an LCD screen (169-171), and the recent widespread introduction of 

smart-phone technology. This is particularly significant if intended algorithms of care permit 

the bypass of non-interventional hospitals or emergency departments, or the activation of the 

cardiac catheterisation laboratory whilst the patient is still in transit, as has been the case in a 

number of the studies presented in this review.  

 

There are inherent weaknesses in only considering the effect pre-hospital ECG use will have 

on door to balloon times: namely that we have failed to take into account the increase in pre-

hospital times that is likely to occur with significant investigations taking place prior to 

hospital arrival, and how this balances reductions in reperfusion times. While long door to 

balloon times are associated with poorer outcomes, this largely occurs because of the effect on 

total ischaemic time, with myocardial cell death occurring within a consistent time-frame 

subsequent to total coronary artery occlusion regardless of whether the patient is admitted to 

hospital or not. A number of the included studies did report on pre-hospital times, despite this 

not being systematically reported here. Both the studies by Caudle et al. (149) and van de Loo 

et al. (162) described no significant differences in both paramedic ‘on-scene’ times and 

ambulance transport times. The report by Hutchison et al. (154) did report a statistically 

significant mean paramedic on-scene time from 20.3 minutes to 24.0 (p<0.001), although an 

increase of four minutes probably does not reflect a significant clinical concern. While door to 

balloon time is a major quality indicator and the logical interval pre-hospital ECG use will be 

most effective in reducing, close study of all relevant time intervals is warranted when 

evaluating the true efficacy of this technology. This is incorporated in the ESC’s discussion of 

‘first medical contact to treatment time’ (59), and perhaps should become the benchmarked 

quality indicator for all future literature. 

 

For pre-hospital ECGs to be integrated into modern STEMI management, beyond clinical 

efficacy they must also be shown to be cost-effective. To date we have identified no 

comprehensive report into the financial burden of implementing such a system. We must 
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consider the initial costs of equipping ambulances with ECG machines, with or without the 

technology to transmit this information to a receiving centre, with the additional ongoing 

costs associated with training paramedic staff, organising hospital coordination programs and 

the general maintenance of equipment. These issues must be shown not to out-balance the 

clinical gains that can be made with the institution of such a protocol, before such technology 

will ever become a widespread reality. It is probably the case, however, that enhanced new 

generation replacement equipment automatically carries many of the capabilities requisite 

(LifePak defibrillators 12 with 12-lead ECG; electronic storage, archiving and remote access 

to clinical documents including ECGs, widespread adoption of smart-phone technology) and 

that the costs of these merely represent that of capital deprecation inherent in general 

healthcare expenditure. Also, we propose that general clinical governance and quality 

improvement initiatives should incorporate the opportunities afforded by these widespread 

technologies and that there is no necessary accounting for extra training or other costs. From 

this perspective, it may even be negligent not to embrace the opportunities to improve 

outcomes that might be afforded by these new technologies.  

 

 

2.6 Limitations 

The most significant limitation of this review is the lack of methodologically robust studies 

providing high level of evidence supportive of the use of pre-hospital ECGs in reducing 

catheter reperfusion times or mortality. Due to the nature of the intervention, practical and 

perhaps ethical considerations, it seems unlikely that randomised data will ever be available to 

support conclusions about the true efficacy of this intervention. The lack of significant 

statistical testing or meta-analysis is worthy of mention and a limitation of the extant literature 

is the inconsistent methods of statistical reporting and definitions of outcomes. This may be 

an important conclusion from the current review: specifically the identification of issues 

around which study designs are deemed practical yet sufficiently methodologically sound, and 

how outcomes could be uniformly reported to inform subsequent research. 

 

In this thesis one reviewer has carried out study identification, data extraction and reporting 

on outcomes, with provision that additional reviewers will also go through the protocol 

independently at a later juncture. Although limited predominately by the data available, the 
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potential for sub-group analyses based on the means of ECG interpretation and how this 

information is used in pathways of care also has investigative potential as a separate stand-

alone review topic. Future reviews will also need to consider foreign language reports and a 

more extensive study or survey of the potential of unpublished ‘grey’ literature, conference 

abstracts, etc.  

 

It is possible that the outcomes presented in the identified studies are due to a factor known as 

the Hawthorne effect, where a changed in outcome occurs merely due to the fact that a study 

and observations are being conducted. The initial data supports a significant improvement in 

reperfusion times but this falls to basal levels over time. One study excluded from this review 

for the lack of an appropriate comparator population presented results that showed an initial 

improvement in door to balloon times with a pre-hospital ECG, but that these results were not 

sustained over a ten year period (172). This supports the hypothesis that the Hawthorne effect 

plays some part in the results observed in this review: as people are aware door to balloon 

times are being recorded their performance is likely to improve. Similarly the included studies 

were all performed in a period where the concept of improving door to balloon times has 

become an important institutional agenda. The widespread use of historic controls and the 

observational nature of these studies mean we cannot discount that the results presented here 

are a general global drift reflecting increased awareness of the issue, rather than a true trend as 

a result of the intervention. 

 

There are a number of procedural flaws associated with the intervention presented in most of 

the included studies. Several reports stated that there was no way to synchronise clocks 

between the separate hospital departments: even a small margin of error could significantly 

alter the results reported in each study. Most studies do not make clear whether the point used 

as the ‘balloon’ time refers to direct angioplasty balloon inflation, or a similar measure such 

the time the guidewire first crosses the coronary lesion, or of thrombus aspiration. 

Additionally, the use of door to balloon time as a measure of the effectiveness of the 

intervention presumably automatically excludes patients who do not receive primary 

angioplasty. This may be a population with a different clinical risk profile: such as those with 

severe coronary disease or who present early enough that thrombolysis is a more rational 

reperfusion strategy. Similarly using control populations who are transferred from a 

peripheral hospital may be a confounding factor, with only the most risk-adverse STEMI 
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patients being transferred for primary PCI rather than receiving on-site lytic therapy at the 

regional hospital. More studies are warranted considering mortality or other morbidity 

outcomes in a specified intention-to-treat STEMI population.  

 

 

2.7 Conclusion 

The evidence for the use of pre-hospital ECGs in reducing catheter reperfusion times and 

mortality rates is supported by a wide collection of non-randomised, heterogeneous data. The 

review presented here signifies a comprehensive study of the published literature to date 

investigating the use of this technology in a diverse group of health-care systems. We can 

conclude that pre-hospital ECGs will likely play a part in reducing in-hospital reperfusion 

times, although whether this translates to a true clinical mortality benefit is unable to be 

determined. More study is required to define exactly how best to use pre-hospital ECGs in 

optimising contemporary systems of STEMI care. Formal reviews of cost-effectiveness are 

lacking but we argue that the technologies that enable pre-hospital ECG implementation are 

ubiquitous now without necessary additional capital expenditure and that the organisational 

aspects of deploying these effectively are inherent in good basic clinical governance and 

necessary ongoing quality improvement efforts.  
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Chapter 3: Four-Year Retrospective Review of Reperfusion  

Eligible ST-Segment Elevation Myocardial Infarction Cases 

Presenting to Dunedin Public Hospital 

3.1 Introduction 

Dunedin Public Hospital is the tertiary cardiac centre for the Otago and Southland regions, 

within the newly formed Southern District Health Board (SDHB). By geographic area it is the 

second largest DHB in New Zealand, comprising a total population of over 286,000 residents 

(173). Dunedin Hospital provides a full range of tertiary level services, including cardiac 

surgery, with the exception of cardiac transplantation and paediatric cardiology services. It 

accommodates the only cardiac catheterisation laboratory within the DHB, with facility for 

PCI, primary PCI and the potential for on-call 24-hour, 7 day a week availability. Annually it 

is estimated that the catheterisation laboratory performs around 1,100 diagnostic angiography 

procedures, of which 450 to 500 are cases requiring PCI (CCL Nurse Manager C. Foote, 

emailed personal communication 2010 Dec 3). 

 

The first PCI procedure at Dunedin Hospital was performed in May 1981 (174). Primary PCI 

was introduced as a feasible treatment option for acute STEMI cases early after the turn of the 

millennia, following published trial data supporting the use of this technique (Associate 

Professor M.J.A. Williams, oral personal communication 2010 Nov 27). Anecdotal evidence 

suggests that the use of primary PCI dramatically increased at this institution in the wake of 

meta-analysis evidence proving the superiority of primary PCI over lytic therapy coming out 

of 2003 (56). Similarly, the widespread use of rescue PCI after failed thrombolysis filtered 

into clinical practice subsequent to meta-analysis indicating benefit being published in 2006 

(45). While in theory during this period primary PCI was only available during traditional 

working hours, this was generally considered to be an informal arrangement and was largely 

at the discretion and preference of the on-call cardiologist. A formal document defining the 

expected standard of acute STEMI care was only established in 2009. This protocol verifies 

the institutional tiered approach to reperfusion therapy, with a preference for the rational use 

of lytic therapy weighted against the need for primary PCI. Up until late 2010 both 

approaches remain widely in use, with decision making essentially context-driven. 
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In a historic sense, thrombolysis has played a significant role in Dunedin Hospital’s 

institutional acute STEMI care protocols. Prior to the widespread introduction of emergent 

PCI for STEMI, lytic therapy was the accepted standard of care. The use of streptokinase was 

commonplace, with the use of fibrin-specific drugs such as tPA and rPA only becoming 

routine care in recent years. Indeed, up until about ten to 12 years ago lytic therapy was only 

administered to acute STEMI patients in the Coronary Care Unit (CCU), at which stage the 

ED started an initiative to give lytics in the emergency department, thereby achieving faster 

door to needle times than seen previously (V. Chen, emailed personal communication 2010 

Nov 15). Thrombolysis is still commonly administered, with the most appropriate setting 

considered to be after-hours, in STEMI cases adjudicated as low-risk with no 

contraindications to lytic use. The guideline-mandated standard of a door to needle time less 

than 30 minutes is regarded as optimal management, in addition to the recommended door to 

balloon time of less than 90 minutes when primary PCI is the employed reperfusion strategy. 

 

Smaller regional hospitals in Oamaru, Ranfurly, Balclutha, Gore, Dunstan, Queenstown and 

Invercargill all refer STEMI cases to Dunedin Hospital; patients transferred in from outside of 

the local Dunedin catchment comprise an estimated half of the department work-load (V. 

Chen, emailed personal communication 2010 Dec 8). There are no uniform district-wide 

policies of STEMI management outside of Dunedin, but in general each hospital has a 

protocol where emphasis is placed on the earliest possible lytic therapy initiated locally. The 

timing of transfer in cases of STEMI complications and non-reperfusion is largely 

individualised; however, due to existing logistics, the predominately rural geography and 

considerable distances involved, the ability to ‘drip and ship’ all patients directly is limited. 

There exists the potential for immediate transport of patients from throughout the region by 

air ambulance in the case of acute complications such as shock, high-risk features, or failure 

to reperfuse with lytics, but this is not uniformly engaged and times to catheterisation 

laboratory treatment in these cases can be prolonged.  

 

The mainstay for acute STEMI patients presenting to peripheral hospitals in SDHB is ‘urgent’ 

(over the next several days), but not uniformly ‘emergent’ (i.e. within the next few hours) 

transfer to Dunedin Hospital. Nonetheless, an informal practice is evolving more recently 

whereby patients accessible within one to two hours by ambulance from Oamaru and 

Balclutha are transferred immediately to Dunedin Hospital (V. Chen, emailed personal 
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communication 2010 Dec 8). The most recent New Zealand-wide audit suggests Dunedin and 

SDHB has the shortest transfer times for transfer of ACS patients in the country (82). While 

the study presented here considers only direct STEMI admissions to Dunedin Hospital, the 

management of transfer patients is recognised as a significant challenge to contemporary 

systems of care. Among the unique challenges faced in New Zealand, and the SDHB in 

particular, are the geographic remoteness, low population density and availability of 

infrastructure support for transport. These processes can potentially contribute to disparities of 

service access and subsequent outcomes.  

 

The use of audit and feedback has been proposed as a means to improve professional practice 

by highlighting aspects of healthcare provision that fall outside guideline-based requisites, or 

where hospital systems perform inadequately compared to their contemporary peers (175). A 

systematic review by Jamtvedt et al. (175) concluded that while the effects of audit and 

feedback are generally small to moderate, the absolute effects are likely to be larger when 

adherence to recommended practice is low and the process is carried out with a high intensity. 

In terms of STEMI outcomes, another systematic review postulated that audit and feedback 

can be used as a means to improve reperfusion times, alongside other process- and system-

level interventions (176). This was also reflected in two large surveys by Bradley et al. (102, 

177), which proposed a formalised data feedback process as one of the key interventions to 

improve door to balloon times in STEMI care.  

 

Two large, nationwide ACS audits have been carried out over two-week periods in both 2002 

and 2007 (23, 24): the results of which have been relied on heavily in this thesis to give a 

snapshot of STEMI care throughout New Zealand. Whilst these studies incorporate a large 

group of consecutive STEMI patients, the narrow period of data collection provides limited 

insight into any trends in management strategies occurring over the last five to ten years. Only 

a few ACS patients presented to Dunedin Hospital during these audits (42 in 2002 (23) and 28 

in 2007 (82)), and only a small number were STEMI cases; thus we only have modest data to 

make conclusions about the standard of care in this institution. The aim of this review is to 

provide extended, detailed observations of STEMI care at Dunedin Hospital, with a specific 

focus on adherence to evidence-based guidelines and key quality indicators, and to observe 

any effect of changes of management strategies or quality improvement initiatives over a 

four-year period.  
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3.2 Methods 

A retrospective, observational review was undertaken of all reperfusion-eligible STEMI cases 

presenting directly to Dunedin Hospital during the calendar years of 2004, 2005, 2007 and 

2008. The bulk of cases presenting during 2007 have previously been described as part of a 

summer studentship project in this institution’s Cardiology department. For completeness and 

to ensure uniform methodology it was decided that the 2007 data should be scrutinised and 

included in this study with amendments where appropriate. Unless specified the same 

methodology was followed to obtain these data. A one-year follow up period was pre-

specified for all included cases.  

 

3.2.1 Case identification 

Cases were identified using administrative data codes collected for the purposes of Ministry 

of Health hospital reimbursement. Complete patients lists were obtained of patients admitted 

from January 1 to December 31 for each of the study years, with any of the following primary 

or secondary/other diagnosis ICD-9 codes: I21.0 (Acute transmural myocardial infarction of 

anterior), I21.1 (Acute transmural myocardial infarction of inferior), I21.2 (Acute transmural 

myocardial infarction of other site), I21.3 (Acute transmural myocardial infarction of 

unspecified site), or I21.9 (Acute myocardial infarction, unspecified). 

 

From these ICD coded patient lists, for each admission patient data were reviewed using their 

unique National Health Index (NHI) numbers electronically, on both the iSoft and Cardiobase 

hospital database software. All available electronic data were used to identify patients likely 

to fulfil the pre-specified inclusion criteria: typically discharge summaries or catheterisation 

laboratory reports were used, but this also extended to any other letters or reports available. 

For the year 2008 and two months of 2004 the admission lists were screened by a consultant 

cardiologist; the remaining lists were checked by the author. During screening the main 

reason for exclusion was transfer from a peripheral hospital with the capabilities for prior 

administration of lytic therapy. All cases deemed likely to satisfy the inclusion criteria had 

their physical charts requested from the Clinical Records department. Patients who had died 

in the interim had their physical records requested from off-site storage. If inclusion was 

unable to be satisfactorily ruled out electronically the physical charts were obtained for 

review. 
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3.2.2 Inclusion and exclusion criteria 

When the relevant volume(s) of patient records were received they were matched against the 

explicit inclusion criteria pre-specified in the auditing process. The initial criterion was the 

diagnosis of an acute, reperfusion-eligible STEMI meeting diagnostic ECG criteria. 

Reperfusion eligible was defined as presenting within 12 hours of symptom onset. ECG 

criteria for STEMI were defined according to the updated universal definition of new ST 

elevation !2mm in two contiguous chest leads V1-3, or !1mm in V4-6 or two contiguous 

limb leads, or left bundle branch block felt to represent a true transmural infarct (5). Only 

patients presenting directly to Dunedin Hospital, and not via a peripheral hospital, were 

included in this study. If the first medical contact was unable to provide lytic therapy (for 

example, a general practitioner [GP]) the case was still judged to meet the inclusion criteria. 

Each case was evaluated on the basis of all available documented histories by the GP and/or 

paramedic personnel, inpatient notes, cardiac catheterisation laboratory reports, ECG traces 

and patterns of cardiac biomarkers. In one case of questionable inclusion where the patient 

died early during the hospital admission, the death certificate was requested which reported 

cardiac rupture. This was felt to represent a transmural infarct and the case was included.  

 

Specific exclusion criteria followed the converse of these conditions. If the patient had ST-

segment changes not fulfilling the inclusion criteria or initially presented to a peripheral 

hospital they were excluded. If the time from judged onset to hospital presentation exceeded 

12 hours this was grounds for also exclusion; STEMI onset was gauged by balancing reported 

symptom onset with the recorded change in cardiac biomarker pattern. Patients were also 

excluded from eligibility for acute reperfusion therapy by significant comorbidities: which 

included (but were not restricted to) advanced malignancy, dementia, sepsis or prolonged 

cardiac arrest with severe metabolic disturbances. Unless there were very clear grounds for 

exclusion, most of the decisions around omitting individual cases were adjudicated between 

the student author and a consultant cardiologist. This was particularly noteworthy in the case 

of borderline ST-segment elevation, where the decision for acute reperfusion is of an 

advanced clinical nature.  
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3.2.3 Chart abstraction 

3.2.3.1 Baseline characteristics 

Demographic data and baseline medical history were abstracted primarily from the physical 

patient medical records and manually entered into Microsoft® Office Excel 2003. Refer to 

Appendix Three for a full list of all the items that were sought for data abstraction. 

Definitions for each element were based on that used in the ACC National Cardiovascular 

Data Registry CathPCI Registry™ (178). Every abstracted field was double-checked by a 

non-blinded consultant cardiologist. 

 

In-hospital TIMI and GRACE scores were derived for every patient, where data availability 

permitted. Briefly, the TIMI score is a bedside clinical risk score that was initially developed 

to predict 30-day mortality of patients presenting with UA/NSTEMI (179), and further 

extended to STEMI patients (180). Similarly the GRACE score was developed to predict the 

risk of in-hospital mortality across the entire range of ACS patients (181); the post-discharge 

GRACE score has been validated to predict survivorship up to four years across each subset 

of acute coronary syndrome (182). Each score is an arithmetic sum of the elements displayed 

in Figure 3.1.  

 

3.2.3.2 Procedural data 

If the patient received thrombolysis, administration times were reported from the relevant 

drug chart. If the reperfusion strategy was primary PCI all procedural times were obtained 

from the Cardiobase electronic procedure record. Any time intervals presented were 

calculated in Excel. Similarly echocardiographic data used to summarise left ventricular 

systolic function (LVSF) during the index admission and after three months were acquired 

from Cardiobase. Ejection fractions were found to be reported variably; hence it was elected 

to state the technician’s interpretation of function directly from the echocardiography report 

or angiographic ventriculogram (whichever was first performed). 
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Figure 3.1 TIMI and GRACE Risk Scores 

 

GRACE score (0-392) (183) 

Age  

 <30  0 

 30 – 39  0 

 40 – 49   18 

 50 – 59   36 

 60 – 69   55 

 70 – 79  73 

 80 – 89   91 

 !90  100 

Heart rate (beats per minute) 

<50  0 

50 – 69   0 

70 – 89   7 

90 – 109   13 

110 – 149   23 

150 – 199   36 

>200   46 

Systolic blood pressure (mmHg) 

<80   63 

80 – 99   58 

100 – 119   47 

120 – 139   37 

140 – 159   26 

160 – 199  11 

>200   0 

Creatinine "mol/L 

0 – 34  2 

35 – 70   5 

71 – 105   8 

106 – 140   11 

141 – 176   14 

177 – 353   23 

!354  31 

Killip class 

 I  0 

 II  21 

 III  43 

 IV  64 

Cardiac arrest at admission 43 

Increased cardiac markers 15 

ST-segment deviation  30 

 

 

 

 

 

 

 

 

 

 

TIMI score for STEMI (0-14) (180) 

Age 65-74     2 

Age !75     3 

Systolic blood pressure <100 mmHg  3 

Heart rate >100 beats per minute   2 

Killip class II - IV    2 

Anterior STEMI or left bundle branch block  1 

Diabetes, hypertension or angina   1 

Weight <67 kg    1 

Time to treatment >4 hours   1 
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Length of hospital stay was derived from available discharge summaries, as was the 

documented discharge prescription of aspirin, beta-blocker and statin therapy. If these were 

not reported as discharge medications then all obtainable documentation was reviewed for 

true contraindications to therapy. Recognised contraindications for not instituting these 

therapies this were allowed for in deriving adherence to appropriate evidence-based treatment. 

The definition of ‘off hours’ used in this analysis was any patient with an ED arrival time 

outside 8am to 4pm Monday to Friday, during the weekend or on any national public holiday.  

 

The initial intention for this study was to include a measure of additional and marginal costs 

of care. The summer student project for the year 2007 included a rudimentary cost analysis 

using the Resource Utilisation System (RUS) database available on Cardiobase. 

Unfortunately the version of this hospital software changed early in the course of this study 

and we were unable to continue to access RUS costs in the catheterisation reports. For 

completeness we maintained a record of the use of expensive items such as certain PCI 

equipment or drugs, including glycoprotein IIb/IIIa inhibitors and the direct thrombin 

inhibitor bivalirudin.  

 

The rate of myocardial infarct and procedural complications were determined from all 

available documentation. A broad approach was applied to the recording of any relevant 

clinical outcomes or complications occurring during the hospital admission. To calculate 

bleeding events we used three separate trial-based definitions: TIMI (37), GUSTO (38) and 

HORIZONS-AMI (184) (refer to Appendix Four for complete definitions). The TIMI scale is 

a laboratory based definition whereas GUSTO depends on the advent of clinical bleeding 

events. The HORIZONS-AMI model combines elements from both the clinical and 

biochemical definitions. Because of these variances it was decided to compare the three 

categories in the final analysis.  

 

3.2.3.3 Follow up 

One year readmission and vital status were obtained by review of both the physical and 

electronic records.  Each readmission was classified as cardiac or non-cardiac based on the 

predominant presenting complaint. Three and 12-month vital status was reliably obtained 

from iSoft via electronic synchrony with the New Zealand death register. A number of 

patients emigrated outside of the district or overseas during the period of planned follow-up: 
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in this case letters and emails were sent requesting further information. Where this process 

was unsuccessful we have reported on loss to follow up rates. As with all fields, the 

abstraction process was double-checked by a non-blinded cardiology consultant.  

 

3.2.4 Management of 2007 data 

As previously stated, the majority of 2007 cases were identified and abstracted by a summer 

student in the Dunedin Hospital Cardiology department. Essentially the same data element 

form presented in Appendix Three was used in this process, with the same ACC document 

used as a basis for item definition. In addition the same consultant cardiologist double-

checked both this audit and the previous one. To validate this earlier analysis, the author of 

the audit presented in this thesis reviewed each case and all data items included in 2007 

against all information available electronically on both iSoft and Cardiobase. Where any 

questions existed about the specific details of any case the physical charts were requested 

from the Clinical Records department and the queries were discussed with the review 

cardiologist. 

 

As a result of physical chart review, two further STEMI cases were included in the 2007 

period. No other significant changes were made to the previous audit; however a number of 

data fields were added retrospectively. TIMI and GRACE scores were re-calculated so that 

they remained in line with the current analysis. Biochemical results were obtained 

electronically from iSoft and bleeding complications derived using the same definitions as 

above. Readmission classification as cardiac or non-cardiac was also added retrospectively 

and a number of extra time intervals were calculated as functions of the data already 

extracted. The review of this earlier information and addition of the small number of 

amendments was undertaken very cautiously, with the support of both the consultant 

cardiologist and the previous audit student author.  

 

3.2.5 Statistical analysis 

Groups were analysed by intention to treat analysis where applicable. A number of a posteri 

hypotheses were applied during the analysis process: essentially that stratification of results 

by age, sex and hour of presentation would produce demographic and outcome data consistent 

with that seen in the relevant literature. Categorical variables were compared with Pearson’s 
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chi-square test; continuous variables are expressed as mean and standard deviation, unless 

stated, and were tested with analysis of variance. Statistical analyses were performed by an 

experienced academic statistician in Stata version 11 (Stata Corp., College Station, Texas). A 

significance level of 5% was set. 

 

 

3.3 Results 

One hundred and fifty six physical charts were requested from the Clinical Records 

department for review of cases in 2004; 118 for 2005; 75 for 2007 and 88 for 2008. As 

electronic iSoft coverage was only introduced to the hospital in 2004, the reporting of 

discharge summaries was generally poorer earlier in its introduction: hence the larger number 

of records requested in the earlier year groups. Across successive years the number of 

individual cases included was 62, 60, 60 and 79, respectively. There was no clear reason for 

the increase in the number of cases in 2008. 

 

The 2004 cases encompassed 62 patients, four of who were lost to follow-up. Three of these 

cases were international tourists and one was a New Zealand patient from outside the Otago 

district. One year vital status was able to be obtained for the one local individual, but no 

further information could be acquired regarding rehospitalisation or mortality data for the 

other three patients. The 60 STEMI cases presenting in 2005 included 59 patients, one of 

whom presented twice in this calendar year. Four cases were lost to follow up, two of who 

were New Zealand patients with available data from the national death register. In 2007, the 

60 cases included 58 patients; with complete follow-up in all. Finally, the 79 cases included in 

2008 incorporated 77 patients; with incomplete morbidity data in two patients, both of who 

originated from New Zealand with available mortality data. 

 

3.3.1 Summary of all cases presenting by year 

An overall summary of all cases in each year group is presented in Table 3.1 As shown there 

were no observable differences in any of the baseline characteristics recorded across the four 

years. Between approximately 70% and 80% of cases were from the local Dunedin area, with 

the rest either coming from further afield, or as in-patient onset of STEMI. There were 

generally equal proportions of anterior and inferior infarct types, and the majority of patients 
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were classified as Killip class I (i.e. no observable heart failure), with between 3.2% and 7.6% 

in Killip class IV, defined as cardiogenic shock. There were no statistically significant 

differences in rates of angina, diabetes, hypertension, congestive heart failure (CHF), 

peripheral vascular disease (PVD), cerebrovascular disease (CVD), chronic obstructive 

pulmonary disease (COPD), or previous MI, etc. GRACE and TIMI scores were also equally 

comparable across the four years. 

 

In direct contrast, the strategy of acute reperfusion has experienced significant change across 

the four years of observation. The rate of primary PCI for STEMI increased from 12.9% in 

2004 to 81.0% in 2008. Reflecting this trend was a decrease in the use of lytic therapy from 

69.3% in 2004 to 13.9% in 2008. However, a significant proportion of patients receiving 

lytics also underwent either rescue PCI or appropriate subsequent angiography with or 

without PCI during their hospital stay. Specifically, in 2004, of the 43 patients administered 

lytics, 12 received rescue PCI and 13 in-hospital angiography. In 2005 the 34 cases receiving 

thrombolysis included eight cases of rescue PCI and 23 cases of subsequent angiography. Of 

the 14 lytic cases in 2007, five underwent rescue PCI and seven received subsequent 

angiography; and in 2008 the 11 STEMI cases receiving lytics included four requiring rescue 

PCI and five non-emergent in-hospital angiography cases. 

 

The use of evidence-based therapy on discharge significantly rose from 91.1% to 98.7% over 

this period. While the mean time from symptom onset to hospital arrival varied significantly 

across the year groups (228.5 minutes in 2004 to 129 minutes in 2007, p=0.031), no other 

time interval showed statistical trending. Similarly, the rate of complications and follow-up 

data showed no significant drift. Rates of bleeding were higher than may be expected, 

particularly using the TIMI and HORIZONS-AMI definitions. Rates of rehospitalisation were 

comparable, both overall and when only considering cardiac rehospitalisation. Equally similar 

were the rates of repeat MI and vital status at discharge, 30-days and at one year (81.4% to 

95%). 
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Table 3.1 Summary of all Cases Stratified by Year 

 

 

 

Abbreviations: myocardial infarction (MI); congestive heart failure (CHF); peripheral vascular disease (PVD); 

cerebrovascular disease (CVD); chronic obstructive pulmonary disease (COPD); percutaneous coronary 

intervention (PCI); coronary artery bypass grafting (CABG); left ventricular systolic function (LVSF); moderate 

(Mod); Global Registry of Acute Coronary Events score (GRACE); Thrombolysis in Myocardial Infarction score 

(TIMI). LVSF Index Admission: Mild to Severe refers to degree of impairment of systolic function. All 

subsequent tables adhere to this format. 

Years  Baseline Characteristics 

2004 2005 2007 2008 p Value 

n 62 60 60 79  

Loss to Follow-Up      

Origin (%) Dunedin 

Other 

80.7 

19.4 

75.0 

25.0 

68.3 

31.7 

73.4 

26.6 

0.480 

Age 67.3 ± 14.6 63.9 ± 13.3 65.0 ± 13.5 63.6 ± 14.0 0.429 

Male Sex (%) 64.5 75.0 58.3 60.8 0.225 

MI Type (%) Anterior 

Inferior 

Lateral 

Posterior 

Unknown 

46.7 

48.4 

3.2 

0 

1.6 

53.3 

41.7 

5 

0 

0 

48.3 

48.3 

3.3 

0 

0 

35.4 

54.4 

7.6 

2.5 

0 

 

 

0.336 

Killip Class 

(%) 

I 

II 

III 

IV 

72.6 

21.0 

3.2 

3.2 

80.0 

11.7 

5.0 

3.3 

83.3 

6.7 

3.3 

6.7 

86.1 

5.1 

1.3 

7.6 

 

0.132 

Angina (%) 43.5 26.7 31.7 33.0 0.246 

Diabetes (%) 14.5 11.7 13.3 12.7 0.972 

Hypertension (%) 50.0 51.7 50.0 45.6 0.898 

Smoker (%) Current 

Ever 

29.0 

56.5 

33.3 

58.3 

35.0 

ND 

41.8 

70.9 

0.454 

0.151 

CHF (%) 9.7 0 6.7 6.3 0.135 

PVD (%) 8.1 5.0 11.7 6.3 0.537 

CVD (%) 16.1 10.0 10.0 8.9 0.545 

COPD (%) 4.8 15.0 3.3 10.1 0.082 

Chronic Renal Insufficiency 

(%) 

3.2 6.7 3.3 6.3 0.703 

Previous MI (%) 30.7 18.3 20.0 26.6 0.340 

Previous PCI (%) 9.7 11.7 16.7 17.7 0.482 

Previous CABG (%) 1.6 0 3.3 6.3 0.159 

LVSF Index 

Admission 

(%) 

Normal 

Mild 

Mild-Mod 

Moderate 

Mod-Severe 

Severe 

No Data 

24.2 

24.2 

6.5 

11.3 
8.1 

14.5 

11.3 

18.3 

21.7 

6.7 

15.0 
6.7 

16.7 

15.0 

18.3 

30.0 

5.0 

23.3 
5.0 

6.7 

11.7 

16.5 

24.1 

7.6 

19.0 
7.6 

11.4 

13.9 

 

 

 

0.958 

On-Hours (%) 38.7 38.3 30.0 38.0 0.709 

GRACE Score 164.8 ± 47.1 157.8 ± 40.8 158.3 ± 39.7 157.2 ± 44.6 0.734 

TIMI Score 4.5 ± 2.7 3.6 ± 2.5 3.7 ± 2.4 3.6 ± 2.8 0.157 
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Table 3.1 Summary of all Cases Stratified by Year 

 

Years  Procedural Data 

2004 2005 2007 2008 p Value 

Strategy (%) PPCI 

Lytics 
Medical 

12.9 

69.3 

17.7 

25.0 

56.7 

18.3 

66.7 

23.3 

10.0 

81.0 

13.9 

5.1 

 

<0.001 

Length of Stay 6.5 ± 5.1 6.1 ± 5.3 6.5 ± 7.6 4.8 ± 4.1 0.222 

DC on ASA/BB/ 

Statin (%) 

91.1 87.7 96.6 98.7 0.042 

Total Ambulance Time 51.5 ± 27.2 47.1 ± 17.1  51.9 ± 29.1 45.4 ± 18.6 0.509 

Onset to Arrival Time 228.5 ± 255.1 212.3 ± 199.2 129.0 ± 100.1 179.1 ± 170.9 0.031 

Door to Needle Time 41.2 ± 34.3 49.2 ± 50.1 68.8 ± 116.8 34.4 ± 16.2 0.409 

Symptom Onset to Needle 

Time 

258.0 ± 270.3 255.9 ± 212.8 148.7 ± 117.0 204.5 ± 172.7 0.404 

Door to Balloon Time 253.4 ± 161.8 93.1 ± 19.5 113.9 ± 99.7 124.4 ± 169.6 0.167 

Symptom Onset to Balloon 

Time 

398.1 ± 325.3 348.7 ± 327.4 242.6 ± 157.4 278.6 ± 234.9 0.271 

 

Complications and Follow-

Up 

2004 2005 2007 2008 p Value 

TIMI 

Bleeding (%) 

No 

Minor 

Major 

64.5 

12.9 

22.6 

60.0 

16.7 

23.3 

65.0 

8.3 

26.7 

77.2 

10.1 

12.7 

 

0.269 

HORIZONS-

AMI  

Bleeding (%) 

No 

Major 

80.7 

19.4 

80.0 

20.0 

83.3 

16.7 

86.1 

13.9 

 

0.768 

GUSTO  

Bleeding (%) 

No 

Moderate 

Severe 

91.9 

8.1 

0 

90.0 

6.7 

3.3 

88.3 

8.3 

3.3 

94.9 

5.1 

0 

 

0.472 

LVSF !3 

Months (%) 

Normal 

Mild 

Mild-Mod 

Moderate 
Mod-Severe 

Severe 

No Data 

17.3 

9.6 

0 

5.8 
3.9 

5.8 

57.7 

14.8 

7.4 

3.7 

5.6 
3.7 

5.6 

59.3 

6.9 

6.9 

3.5 

8.6 
1.7 

1.7 

70.7 

13.5 

9.5 

0 

4.1 
8.1 

0 

64.9 

 

 

 

0.464 

Rehospitalisa

tion (%) 

Yes 

Cardiac 

Only 

41.2 

31.4 

 

52.9 

29.4 

39.3 

26.8 

47.1 

31.4 

0.482 

0.941 

Repeat MI (%) 13.5 15.1 10.3 9.9 0.790 

Alive at Discharge (%) 90.3 95.0 96.7 93.7 0.511 

Alive at 30 Days (%) 86.4 91.4 96.7 93.6 0.201 

Alive at One Year (%) 81.4 86.2 95.0 89.7 0.125 

 

Abbreviations: primary percutaneous coronary intervention (PPCI); length of stay (LOS); discharge on aspirin, 

beta-blocker, statin (DC on ASA/BB/Statin); Thrombolysis in Myocardial Infarction (TIMI); Harmonizing 

Outcomes with RevasculariZatiON and Stents in Acute Myocardial Infarction (HORIZONS-AMI); Global 

Utilization of Streptokinase and Tissue-Type Plasminogen Activator for Occluded Arteries (GUSTO); left 

ventricular systolic function (LVSF); moderate (Mod); myocardial infarction (MI). All subsequent tables adhere 

to this format.  
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3.3.2 Summary of cases stratified by treatment type 

Table 3.2 rearranges all included cases so that they are grouped by treatment type regardless 

of the year of presentation. This produces some strikingly significant results, particularly in 

terms of baseline characteristics and outcomes. The 32 patients receiving supportive medical 

therapy were older than both those STEMI patients receiving lytics or primary PCI, who were 

generally comparable (75.1 vs. 63.7 vs. 63.3 respectively, p<0.001). They were also less 

likely to be in Killip class I and more likely to be in class II or III, have higher rates of angina, 

previous MI, have more severe impairment of LVSF on admission and have significantly 

higher GRACE scores. While TIMI scores were also higher, this did not reach significance. 

Patients undergoing medical therapy had significantly lower rates of current smoking, but this 

was not sustained when historical smoking was included in analysis. Patients receiving lytic 

therapy were more likely to be having an inferior infarct than an anterior one, and were 

significantly less likely to be in cardiogenic shock (1.0% vs. 8.7% and 6.3%, p<0.001), as 

expected.  

 

Interestingly, patients receiving medical therapy only were significantly less likely to be 

discharged on guideline recommended therapy (i.e. a combination of aspirin, beta-blocker and 

a statin); even when true contraindications were taken into account (82.1% vs. 96.7% and 

93.8%, p=0.016). Bleeding rates were high across the board, but significantly more so in 

patients receiving thrombolysis in terms of both the TIMI and HORIZONS-AMI definitions, 

which both contain elements of biochemical analysis in their definitions. However, only one 

patient receiving lytic therapy in this cohort experienced an intracranial haemorrhage. This 

was a non-fatal event occurring in 2007, with the patient subsequently surviving to one year 

follow-up.  

 

Rates of rehospitalisation were equivalent across the three groups; repeat myocardial 

infarctions appeared to occur more often with medical therapy, although this result was not 

significant. The proportion of patients alive at discharge was similar across the three groups, 

but there was a significant drop-off observed at both 30-days and one year with medical 

therapy. We have no data on which deaths were cardiac-related. 
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Table 3.2 Summary of all Cases Stratified by Treatment Type 

 

 

 

 

 

 

 

 

 

Strategy  Baseline Characteristics 

Primary PCI Thrombolysis Medical p Value 

n 127 102 32  

Origin (%) Dunedin 

Other 

73.2 

26.8 

73.5 

26.5 

81.3 

18.8 

0.632 

Age 63.3 ±12.4  63.7 ± 14.8 75.1 ± 12.1 <0.001 

Male Sex (%) 64.6 66.7 56.3 0.561 

MI Type 

(%) 

Anterior 

Inferior 

Lateral 

Posterior 

50.4 

42.5 

5.5 

1.6 

36.6 

60.4 

3.0 

0 

53.1 

37.5 

9.4 

0 

 

0.069 

Killip Class 

(%) 

I 

II 

III 

IV 

85.0 

4.7 

1.6 

8.7 

83.3 

12.8 

2.9 

1.0 

56.2 

28.1 

9.4 

6.3 

 

<0.001 

Angina (%) 33.9 27.5 53.1 0.028 

Diabetes (%) 12.6 11.8 18.8 0.580 

Hypertension (%) 50.4 44.1 59.4 0.294 

Smoker (%) Current 

Ever 

41.7 

69.0 

33.3 

60.2 

15.6 

50.0 

0.019 

0.175 

CHF (%) 4.7 5.9 9.4 0.599 

PVD (%) 8.7 4.9 12.5 0.311 

CVD (%) 10.2 9.8 18.8 0.339 

CRI (%) 3.9 3.9 12.5 0.113 

Previous MI (%) 24.4 17.7 43.8 0.011 

Previous PCI (%) 19.7 8.8 9.4 0.046 

Previous CABG (%) 4.7 0.0 6.3 0.064 

LVSF Index 

Admission 

(%) 

Normal 

Mild 

Mild-Mod 

Moderate 

Mod-Severe 

Severe 

No Data 

16.5 

24.4 

3.9 

24.4 

7.9 

10.2 

12.6 

23.5 

29.4 

7.8 

13.7 

5.9 

9.8 

9.8 

15.6 

12.5 

12.5 

0 

6.3 

28.1 

25.0 

 

 

 

0.003 

On-Hours (%) 37.5 44.1 26.5 0.022 

GRACE Score 159.0 ± 46.2 153.4 ± 39.3 180.3 ± 37.1 0.008 

TIMI Score 3.9 ± 2.7 3.5 ± 2.6 4.8 ± 2.1 0.056 
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Table 3.2 Summary of all Cases Stratified by Treatment Type 

 

Strategy  Procedural Data 

Primary PCI Thrombolysis Medical p Value 

Length of Stay 5.3 ± 6.2 6.6 ± 5.0 5.9 ± 5.0 0.256 

DC on ASA/BB/ 

Statin (%) 

96.7 93.8 82.1 0.016 

Total Ambulance Time 47.2 ± 24.2 52.7 ± 24.1 43.6 ± 11.7 0.245 

Onset to Arrival Time 164.9 ± 157.6 205.4 ± 220.5 208.4 ± 205.7 0.260 

Door to Needle Time NA 46.9 ± 56.3 NA NA 

Symptom Onset to Needle 

Time 

NA 236.5 ± 226.7 NA NA 

Door to Balloon Time 123.3 ± 139.7 NA NA NA 

Symptom Onset to Balloon 

Time 

281.8 ± 232.2 NA NA NA 

 

Complications and Follow-Up Primary PCI Thrombolysis Medical p Value 

TIMI Bleeding 

(%) 

No 

Minor 

Major 

76.4 

7.9 

15.8 

53.9 

16.7 

29.4 

75.0 

12.5 

12.5 

 

0.006 

HORIZONS-

AMI  Bleeding 

(%) 

No 

Major 

89.8 

10.2 

74.5 

25.5 

81.3 

18.8 

0.010 

GUSTO 

Bleeding (%) 

No 

Moderate 

Severe 

93.7 

5.5 

0.8 

91.2 

5.9 

2.9 

84.4 

15.6 

0 

 

0.161 

LVSF !3 

Months (%) 

Normal 

Mild 

Mild-Mod 

Moderate 
Mod-Severe 

Severe 

No Data 

12.5 

10.0 

1.7 

6.7 

5.8 

0.8 

62.5 

14.9 

7.4 

2.1 

4.3 

4.3 

5.3 

61.7 

8.3 

4.2 

0 

8.3 

0 

4.2 

75.0 

 

 

 

0.720 

Rehospitalisation 

(%) 

Yes 

Cardiac Only 

44.3 

26.6 

45.6 

33.3 

48.0 

32.0 

0.939 

0.558 

Repeat MI (%) 9.5 13.0 19.2 0.353 

Alive at Discharge (%) 94.5 95.1 87.5 0.271 

Alive at 30 Days (%) 94.4 93.9 77.4 0.005 

Alive at One Year (%) 92.0 90.9 64.5 <0.001 
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3.3.3 Summary of cases stratified by treatment type and year 

To determine the influence of each year on treatment type outcomes, we stratified the study 

population by both variables (Table 3.2). It was decided that calculating p values would be 

superfluous and add little value to interpretation due to the small sample sizes expected in 

each group. This decision was verified: the absolute number of patients receiving primary PCI 

increased from eight to 64, lytic use fell from 43 to 11 patients, and medical therapy 

decreased from 11 to only four STEMI patients in 2008.  

 

Despite the small numbers of patients receiving medical therapy, the trends identified by 

grouping the admission years were still reasonably consistent across each of the four years. 

Those treated medically only were still much older, although slightly less noticeably in 2007. 

They were much less likely to be in Killip class I, excluding 2008 where all four patients were 

classified as class I. In each year medically treated patients had higher GRACE scores and 

elevated rates of previous angina. While grouping all the years produced significantly higher 

rates of previous myocardial infarctions in medical patients, stratification shows that this was 

mostly driven by rates in 2005, and to a lesser degree 2007, with the other years showing 

comparable rates of this baseline characteristic.  

 

Similarly, the proportion of patients receiving thrombolysis were consistently more likely to 

be having an inferior infarct; particularly in comparison to those receiving primary PCI, who 

generally had higher rates of anterior infarctions. Furthermore, only one patient in cardiogenic 

shock received lytics in 2004. This particular patient suffered a cardiac arrest in the 

ambulance en-route to hospital, and died eight days after admission from pneumonia and 

presumed repeat myocardial infarction. No other patient in cardiogenic shock in this series 

received lytics, in accordance with recommended practice.  

 

The rate of bleeding events across all three definitions was consistently lower in STEMI 

patients receiving primary PCI when compared to the other two modalities. Rates were high 

in both lytic- and medically-treated patients, although the small number of medical cases 

produced a significant degree of variability in these rates, whereas lytic-related bleeding rates 

were consistently elevated.  



 

 

 

Table 3.3 Summary of all Cases Stratified by Treatment Type and Year 

2004 2005 2007 2008 Baseline 

Characteristics 
Primary 

PCI 

Thrombolysis Medical  Primary PCI Thrombolysis Medical  Primary 

PCI 

Thrombolysis Medical  Primary 

PCI 

Thrombolysis Medical  

n 8 43 11  15 34 11  40 14 6  64 11 4  

Origin 

(%) 

Dunedin 

Other 

100.0 

0 

76.7 

23.3 

81.8 

18.2 

 73.3 

26.7 

70.6 

29.4 

90.9 

9.1 

 62.5 

37.5 

85.7 

14.3 

66.7 

33.3 

 76.6 

23.4 

54.6 

45.5 

75.0 

25.0 

 

Age 56.6 ± 

13.7 

66.6 ± 14.4 77.7 ± 

9.2 

 61.1 ± 11.3 61.4 ± 13.5 75.5 ± 9.2  66.3 ± 10.9 61.4 ± 18.0 65.0 ± 

17.7 

 62.8 ± 

13.2 

61.9 ± 15.9 81.8 ± 12.3  

Male Sex (%) 87.5 60.5 63.6  80.0 76.5 63.6  62.5 64.3 16.7  59.4 63.6 75.9  

MI 

Type 

(%) 

Anterior 

Inferior 

Lateral 

Posterior 

75.0 

25.0 

0 

0 

40.5 

57.1 

2.4 

0 

54.6 

36.4 

9.1 

0 

 60.0 

33.3 

6.7 

0 

44.1 

52.9 

2.9 

0 

72.7 

18.2 

9.1 

0 

 57.5 

40.0 

2.5 

0 

21.4 

71.4 

7.1 

0 

50.0 

50.0 

0 

0 

 40.6 

48.4 

7.8 

3.1 

18.2 

81.8 

0 

0 

0 

75.0 

25.0 

0 

 

Killip 

Class 

(%) 

I 

II 

III 

IV 

87.5 

0 

0 

9.1 

74.4 

20.9 

2.3 

2.3 

54.6 

36.4 

9.1 

0 

 80.0 

6.7 

6.7 

6.7 

91.2 

8.8 

0 

0 

45.5 

27.3 

18.2 

9.1 

 87.5 

5.0 

0 

7.5 

85.7 

0 

14.3 

0 

50.0 

33.3 

0 

16.7 

 84.4 

4.7 

1.6 

9.4 

90.9 

9.1 

0 

0 

100.0 

0 

0 

0 

 

Angina (%) 50.0 34.9 72.7  26.7 20.6 45.5  35.0 21.4 33.3  32.8 27.3 50.0  

Diabetes (%) 12.5 11.6 27.3  20.0 8.8 9.1  10.0 14.3 33.3  12.5 18.2 0  

Hypertension (%) 37.5 55.8 36.4  66.7 38.2 72.7  50.0 42.9 66.7  48.4 18.2 75.0  

Smoker 

(%) 

Current 

Ever 

50.0 

75.0 

27.9 

55.8 

18.2 

45.5 

 33.3 

46.7 

41.2 

64.7 

9.1 

54.6 

 37.5 

ND 

28.6 

ND 

33.3 

ND 

 45.3 

73.4 

36.4 

63.6 

0 

50.0 

 

CHF (%) 0 9.3 18.2  0 0 0  2.5 14.3 16.7  7.8 0 0  

PVD (%) 12.5 4.7 18.2  0 5.9 9.1  12.5 7.1 16.7  7.8 0 0  

CVD (%) 12.5 11.6 36.4  20.0 5.9 9.1  10.0 7.1 16.7  7.8 18.2 0  

CRI (%) 0 4.7 0  0 2.9 27.3  0 7.1 16.7  7.8 0 0  

Previous MI (%) 50.0 23.3 45.5  20.0 5.9 54.6  17.5 21.4 33.3  26.6 27.3 25.0  

Previous PCI (%) 37.5 7.0 0  26.7 2.9 18.2  20.0 14.3 0  15.6 27.3 25.0  

Previous CABG (%) 0 0 9.1  0 0 0  5.0 0 0  6.3 0 25.0  

On-Hours (%) 50.0 37.2 36.4  60.0 20.6 63.6  37.5 14.3 16.7  43.8 18.2 0  
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Table 3.3 Summary of all Cases Stratified by Treatment Type and Year 

GRACE Score 161.0 ± 

77.0 

161.1 ± 43.8 182.0 ± 

31.0 

 164.4 ± 

43.5 

143.2 ± 32.3 194.0 ± 

38.4 

 159.3 ± 

39.0 

153.3 ± 42.4 163.2 ± 

44.5 

 157.2 ± 

47.1 

155.0 ± 33.9 163.5 ± 

33.7 

 

TIMI Score 4.1 ± 3.4 4.4 ± 2.7 5.4 ± 

1.8 

 4.2 ± 2.9 2.7 ± 2.0 5.4 ± 1.9  4.0 ± 2.3 2.9 ± 2.6 3.3 ± 2.6  3.7 ± 2.9 2.8 ± 2.6 3.8 ± 2.9  

 2004 2005 2007 2008 

Procedural Data Primary 

PCI 

Thrombolysis Medical  Primary 

PCI 

Thrombolysis Medical  Primary 

PCI 

Thrombolysis Medical  Primary 

PCI 

Thrombolysis Medical  

Length of Stay 3.3 ± 2.3 7.1 ± 4.7 6.8 ± 

7.0 

 6.5 ± 5.9 6.6 ± 5.8 4.3 ± 1.9  6.2 ± 8.8 6.4 ± 4.7 8.3 ± 5.3  4.8 ± 4.3 5.0 ± 3.8 4.5 ± 1.7  

DC on ASA/ 

BB/Statin (%) 

85.7 92.5 88.9  92.9 93.9 60.0  97.4 92.9 100  98.4 100 100  

Total Ambulance 

Time 

38.0 ± 0 53.5 ± 30.7 47.5 ± 

14.8 

 43.3 ± 

23.1 

50.1 ± 15.5 42.0 ± 10  55.0 ± 

32.1 

43.4 ± 9.9 37.7 ± 

8.1 

 43.0 ± 

16.8 

73.0 ± 21.0 40.5 ± 2.1  

Onset to Arrival 

Time 

130.7 ± 

191.6 

235.0 ± 263.7 258.1 ± 
261.0 

 181.5 ± 

171.3 

223.6 ± 206.9 220.3 ± 
241.7 

 143.9 ± 

114.6 

89.2 ± 53.0 123.3 ± 

55.2 

 178.6 ± 

176.4 

181.2 ± 

172.3 

181.5 ± 
110.6 

 

Complications and 

Follow-Up 

Primary 

PCI 

Thrombolysis Medical  Primary 

PCI 

Thrombolysis Medical  Primary 

PCI 

Thrombolysis Medical  Primary 

PCI 

Thrombolysis Medical  

TIMI 

Bleeding 

(%) 

No 

Minor 

Major 

87.5 

0 

12.5 

53.5 

16.3 

30.2 

90.9 

9.1 

0 

 60.0 

13.3 

26.7 

55.9 

17.7 

26.5 

33.3 

16.7 

50.0 

 72.5 

7.5 

20.0 

57.1 

7.1 

35.7 

33.3 

16.7 

50.0 

 81.3 

7.8 

10.9 

45.5 

27.3 

27.3 

100 

0 

0 

 

HORIZO 

NS-AMI 
Bleeding (%) 

No 

Major 

100 

0 

74.4 

25.6 

90.9 

9.1 

 93.3 

6.7 

76.5 

23.5 

72.7 

27.3 

 87.5 

12.5 

78.6 

21.4 

66.7 

33.3 

 89.1 

10.9 

63.6 

36.4 

100 

0 

 

GUSTO 

Bleeding 

(%) 

No 
Moderate 

Severe 

100 

0 

0 

90.70 

9.3 

0 

90.9 

9.1 

0 

 100 

0 

0 

91.2 

2.9 

5.9 

72.7 

27.3 

0 

 87.5 

10.0 

2.5 

92.9 

0 

7.1 

83.3 

16.7 

0 

 95.3 

4.7 

0 

90.9 

9.1 

0 

100 

0 

0 

 

Rehospi- 

talisation 

Yes 

Cardiac 

42.9 

28.6 

38.9 

30.6 

50.0 

37.5 

 54.6 

27.3 

51.6 

32.3 

55.6 

22.2 

 37.8 

18.9 

38.5 

38.5 

50.0 

50.0 

 46.6 

31.0 

60.0 

40.0 

0 

0 

 

Repeat MI (%) 14.3 10.9 25.0  8.3 19.4 10.0  7.9 7.1 33.3  10.2 10.0 0  

Alive Discharge (%) 87.5 93.0 81.8  93.3 97.1 90.9  95.0 100 100  95.3 90.9 75.0  

Alive at 30 Days (%) 87.5 90.2 70.0  92.9 97.0 72.7  95.0 100 100  95.2 90.9 75.0  

Alive One Year (%) 87.5 87.8 50.0  92.9 90.9 63.6  95.0 100 83.3  90.5 90.9 75.0  
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3.3.4 Concise analysis of outcomes in all cases stratified by presentation time 

Table 3.4 stratifies all cases by whether they presented ‘on-’ or ‘off-’ hours, regardless of 

year. As previously stated, on hours was defined as presentation during weekdays between the 

hours of 8am and 4pm. Ninety five cases in our series presented during on hours, with 166 

presenting during the defined off hours period. Inexplicably, STEMI patients presenting on 

hours were significantly older than those arriving at hospital outside these hours: 67.5 years 

compared to 63.4 years, p=0.020. These age differences probably contributed to the 

significantly higher GRACE risk score (170.1 vs. 153.3, p=0.002), and similarly raised the 

TIMI risk score. There were no differences in the baseline characteristics recorded, with a 

trend to hypertension being more common in the on hours group. There was a trend to a 

higher rate of patients with Killip class IV (i.e. cardiogenic shock) presenting on hours, 

although this did not reach significance. Rates of CHF, PVD, CVD, COPD, chronic renal 

insufficiency (CRI), previous MI and previous PCI were all slightly higher in the population 

presenting inside working hours, though once again with no significance.  

 

More readily expected is the difference in reperfusion strategy observed across presentation 

times. Those presenting off hours were less likely to undergo primary PCI, and more likely to 

receive lytic therapy than those arriving on hours (rate of lytic therapy 45.2% vs. 28.4%, 

primary PCI 42.8% vs. 59.0%, p=0.022). There were, however, no observable differences in 

discharge medications, length of stay (LOS) or any procedural times such as the door to 

needle or door to balloon times. Similarly outcomes such as bleeding, rehospitalisation, repeat 

MI and mortality were all equivalent across presentation times, despite the noted differences 

in baseline characteristics.  



 

 

Table 3.4 Summary of all Cases Stratified by Presentation Time 

Presentation Time   

On Hours Off Hours p Value 

n 95 166  

Age 67.5 ± 13.4 63.4 ± 13.9 0.020 

Male Sex (%) 64.2 64.5 0.968 

MI Type (%) Anterior 

Inferior 

Lateral 

Posterior 

46.8 

47.9 

5.3 

0 

44.6 

49.4 

4.8 

1.2 

 

0.739 

 

Killip Class (%) I 

II 

III 

IV 

76.8 

12.6 

1.1 

9.5 

83.1 

9.6 

4.2 

3.0 

 

0.058 

 

Angina (%) 39.0 30.7 0.176 

Diabetes (%) 12.6 13.3 0.886 

Hypertension (%) 55.8 45.2 0.099 

Smoker (%) Current 

Ever 

33.7 

59.7 

36.1 

64.5 

0.689 

0.496 

CHF (%) 7.4 4.8 0.395 

PVD (%) 10.5 6.0 0.188 

CVD (%) 15.8 8.4 0.069 

COPD (%) 10.5 7.2 0.356 

Chronic Renal Insufficiency (%) 6.3 4.2 0.453 

Previous MI (%) 25.2 23.5 0.748 

Previous PCI (%) 16.8 12.7 0.350 

Previous CABG (%) 2.1 3.6 0.496 

GRACE 170.1 ± 49.0 153.3 ± 38.3 0.002 

TIMI 4.3 ± 2.9 3.6 ± 2.5 0.038 

Strategy 

 

Primary PCI 

Thrombolytics 

Medical 

59.0 

28.4 

12.6 

42.8 

45.2 

12.1 

 

0.022 

Length of Stay 5.9 ± 4.7 5.9 ± 6.1 0.951 

DC on ASA/BB/Statin (%) 95.5 93.0 0.422 

Symptom Onset to Arrival Time 167.8 ± 195.4 196.1 ± 188.8 0.282 

Total Ambulance Time 48.4 ± 22.6  48.8 ± 23.6 0.926 

Door to Needle Time 49.0 ± 55.3 46.2 ± 56.9 0.840 

Door to Balloon Time 115.3 ± 112.3 129.2 ± 157.7 0.611 

TIMI Bleeding (%) 

 

No 

Minor 

Major 

65.3 

11.6 

23.2 

68.7 

12.1 

19.3 

 

0.758 

HORIZONS-AMI 

Bleeding (%) 

No 

Major 

84.2 

15.8 

81.9 

18.1 

0.639 

GUSTO Bleeding 

(%) 

 

No 

Moderate 

Severe 

91.6 

7.4 

1.1 

91.6 

6.6 

1.8 

 

0.873 

Rehospitalisation 

(%) 

Yes 

Cardiac Only 

43.2 

23.5 

46.3 

33.3 

0.658 

0.119 

Repeat MI (%) 11.8 12.1 0.943 

Alive at Discharge (%) 93.7 94.0 0.925 

Alive at 30 Days (%) 90.4 93.2 0.432 

Alive at One Year (%) 84.0 90.7 0.112 
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3.3.5 Concise analysis of outcomes in all cases stratified by sex 

Table 3.5 provides a summary of all included cases stratified by sex. Consistent with the 

literature there were more males in this series than females (168 vs. 93), and the female 

population were significantly older: 62.7 vs. 68.8, p<0.001. Females had significantly higher 

rates of many of the baseline characteristics, including hypertension, CHF, PVD and COPD. 

The corresponding mean GRACE score was higher in females (166.9 vs. 155.3, p=0.037), as 

was the prognostic TIMI score (4.9 vs. 3.3 p<0.001). Killip class trended higher in females, 

but there was no difference in the rates of angina, diabetes, cerebrovascular disease and 

chronic renal insufficiency. Interestingly, despite males and females having similar rates of 

previous myocardial infarctions, males had significantly higher rates of previous PCI (17.9% 

vs. 7.5%, p=0.022). The location of myocardial infarction was equally spread across the two 

genders. 

 

The reperfusion strategy chosen was evenly distributed between the sexes, and the length of 

hospital stay and rate of evidence-based discharge medications were equally comparable in 

both genders. However, when compared to males, females had a number of significantly 

lengthened time intervals recorded in this study. These included symptom onset to arrival 

time, total ambulance time and door to needle time. Mean door to needle time was extended 

well outside guideline recommended levels at 65.4 minutes, compared to the male value of 

37.4 minutes, p=0.021. Whilst bleeding and mortality data remained equivalent between 

males and females, other follow-up data were less favourable for women. Namely, both 

overall and cardiac rehospitalisation rates were significantly higher in females, and the rates 

of repeat myocardial infarctions were also elevated (21.4% vs. 6.7%, p=0.001).  
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Table 3.5 Summary of all Cases Stratified by Sex 

Sex   

Female Male p Value 

n 93 168  

Age 68.8 ± 13.9  62.7 ± 13.4 <0.001 

MI Type (%) Anterior 

Inferior 

Lateral 

Posterior 

46.2 

50.5 

3.2 

0 

44.9 

47.9 

6.0 

1.2 

 

0.545 

Killip Class (%) I 

II 

III 

IV 

73.1 

15.1 

3.2 

8.6 

85.1 

8.3 

2.3 

3.6 

 

0.093 

Angina (%) 37.6 31.6 0.319 

Diabetes (%) 14.0 12.5 0.734 

Hypertension (%) 58.1 44.1 0.030 

Smoker (%) Current 

Ever 

39.8 

57.4 

32.7 

65.4 

0.254 

0.264 

CHF (%) 11.8 2.4 0.002 

PVD (%) 14.0 4.2 0.004 

CVD (%) 14.0 9.5 0.273 

COPD (%) 14.0 5.4 0.016 

Chronic Renal Insufficiency (%) 5.4 4.8 0.827 

Previous MI (%) 21.5 25.6 0.460 

Previous PCI (%) 7.5 17.9 0.022 

Previous CABG (%) 1.1 4.2 0.165 

GRACE 166.9 ± 45.3 155.3 ± 41.5 0.037 

TIMI 4.9 ± 2.8 3.3 ± 2.4 <0.001 

Strategy 

 

Primary PCI 

Thrombolytics 

Medical 

48.4 

36.6 

15.1 

48.8 

40.5 

10.7 

 

0.561 

Length of Stay 6.5 ± 7.0 5.6 ± 4.6 0.202 

DC on ASA/BB/Statin (%) 92.0 94.9 0.351 

Symptom Onset to Arrival Time 226.3 ± 227.6 164.1 ± 164.3 0.017 

Total Ambulance Time 53.6 ± 23.6 45.9 ± 22.6 0.049 

Door to Needle Time 65.4 ± 80.4 37.4 ± 36.1 0.021 

Door to Balloon Time 109.8 ± 96.6 129.8 ± 156.5 0.488 

TIMI Bleeding (%) 

 

No 

Minor 

Major 

59.1 

15.1 

25.8 

72.0 

10.1 

17.9 

 

0.104 

HORIZONS-AMI 

Bleeding (%) 

No 

Major 

78.5 

21.5 

85.1 

14.9 

0.175 

GUSTO Bleeding 

(%) 

 

No 

Moderate 

Severe 

88.2 

10.8 

1.1 

93.5 

4.8 

1.8 

 

0.174 

Rehospitalisation Yes 

Cardiac Only 

55.6 

39.5 

39.5 

24.5 

0.019 

0.018 

Repeat MI (%) 21.4 6.7 0.001 

Alive at Discharge (%) 93.6 94.1 0.872 

Alive at 30 Days (%) 92.3 92.1 0.947 

Alive at One Year (%) 85.7 89.6 0.352 
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3.3.6 Concise analysis of outcomes in all cases stratified by age !75 years 

Table 3.6 presents a summary of all cases stratified by age in categories above or below 75 

years. The mean age of the groups was 59.1 years, compared to 82.0 years. As could be 

expected, the proportion of females making up each group was higher in the older age range 

(70.3% males vs. 47.0% males, p=0.001). The group >75 years also had significantly higher 

levels of comorbidities, including angina, CHF, PVD, CVD, COPD, CRI and both GRACE 

and TIMI risk scores. They were less likely to be in Killip class I, and significantly more 

likely to be in class II or III. However, the older group were significantly less likely to 

currently smoke or to have a past history of smoking, and while rates of previous MI were 

comparable, they were also much less likely to have undergone previous PCI (16.9% vs. 

6.1%, p=0.029).  

 

The two groups had almost equal proportions undergoing thrombolytic therapy, however the 

older population were much less likely to receive primary PCI, and significantly more likely 

to receive supportive medical therapy. They were also less likely to be discharged on aspirin, 

beta-blockers and statin therapy, even when appropriate (96.8% vs. 83.9%, p<0.001). 

Symptom onset to hospital arrival time was appreciably extended in the elderly, and while 

door to needle time was equivalent, mean door to balloon time in the elderly strata was greatly 

prolonged (109.9 minutes vs. 195.2 minutes, p=0.020).   

 

The higher prevalence of predictors of risk in the baseline characteristics is reflected in the 

follow-up data. While rates of bleeding were largely comparable between groups, mortality 

status at discharge, 30-days and one year all favoured the younger population. Despite both 

overall and cardiac rehospitalisation rates being largely similar, the rate of repeat myocardial 

infarction was significantly higher in the older population group (9.4% vs. 20.4%, p=0.030).  



 

 

Table 3.6 Summary of all Cases Stratified by Age

Age   

!75 >75 p Value 

n 195 66  

Age 59.1 ± 10.8 82.0 ± 4.3 <0.001 

Male Sex (%) 70.3 47.0 0.001 

MI Type (%) Anterior 

Inferior 

Lateral 

Posterior 

43.6 

51.3 

4.1 

1.0 

50.8 

41.5 

7.7 

0 

 

0.331 

Killip Class (%) I 

II 

III 

IV 

86.2 

7.2 

1.5 

5.1 

65.2 

21.2 

7.6 

6.1 

 

0.001 

Angina (%) 28.2 50.0 0.001 

Diabetes (%) 13.9 10.6 0.499 

Hypertension (%) 45.6 59.1 0.059 

Smoker (%) Current 

Ever 

44.6 

69.4 

7.6 

44.4 

<0.001 

0.001 

CHF (%) 2.1 16.7 <0.001 

PVD (%) 4.1 18.2 <0.001 

CVD (%) 7.2 22.7 0.001 

COPD (%) 6.2 15.2 0.023 

Chronic Renal Insufficiency (%) 1.5 15.2 <0.001 

Previous MI (%) 22.1 30.3 0.176 

Previous PCI (%) 16.9 6.1 0.029 

Previous CABG (%) 4.1 0 0.095 

GRACE 147.2 ± 38.6 195.4 ± 35.1 <0.001 

TIMI 3.0 ± 2.2  6.4 ± 2.2  <0.001 

Strategy 

 

Primary PCI 

Thrombolytics 

Medical 

52.8 

40.0 

7.2 

36.4 

36.4 

27.3 

 

<0.001 

Length of Stay 5.8 ± 6.0 6.3 ± 4.3 0.528 

DC on ASA/BB/Statin (%) 96.8 83.9 <0.001 

Symptom Onset to Arrival Time 161.9 ± 160.7 263.3 ± 252.1 0.001 

Total Ambulance Time 49.2 ± 25.5 47.1 ± 14.7  0.618 

Door to Needle Time 46.4 ± 61.3 48.5 ± 35.9 0.882 

Door to Balloon Time 109.9 ± 101.9  195.2 ± 256.3 0.020 

TIMI Bleeding (%) 

 

No 

Minor 

Major 

71.3 

11.3 

17.4 

56.1 

13.6 

30.3 

 

0.053 

HORIZONS-AMI 

Bleeding (%) 

No 

Major 

82.6 

17.4 

83.3 

16.7 

0.886 

GUSTO Bleeding 

(%) 

 

No 

Moderate 

Severe 

92.8 

5.6 

1.5 

87.9 

10.6 

1.5 

 

0.388 

Rehospitalisation Yes 

Cardiac Only 

42.1 

27.8 

55.8 

36.5 

0.081 

0.228 

Repeat MI (%) 9.4 20.4 0.030 

Alive at Discharge (%) 96.9 84.9 <0.001 

Alive at 30 Days (%) 95.8 81.5 <0.001 

Alive at One Year (%) 94.7 69.2 <0.001 
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3.3.7 Specific factors associated with extended reperfusion times 

To investigate the possibility of any one factor being independently associated with delays to 

treatment, we carried out a multivariate regression analysis. The variables chosen for review 

were on hours, gender, age
 
squared, previous MI, previous PCI, previous CABG and 

ambulance transport. For interpretative purposes, if the variable is continuous then the 

coefficient is the change in the number of minutes for an increase of one; if the variable is 

categorical it is the difference in minutes between that group and the reference group. Results 

are displayed in Table 3.7 and Table 3.8. As can be observed, the only factor identified to be 

significantly associated with an extended reperfusion time is gender with female sex being 

associated with longer door to needle times. 

 

Table 3.7 Factors Associated with Altered Door to Balloon Times 

 

Variable Coefficient 95% Confidence Interval p Value 

On Hours -24.2 -79.7, 31.3 0.389 

Gender 25.5 -32.4, 83.5 0.384 

Age2 0.09 -0.04, 0.23 0.198 

Previous MI 37.2 -75.8, 150.2 0.515 

Previous PCI 8.2 -105.7, 122.2 0.886 

Previous CABG 27.1 -41.6, 84.6 0.682 

Ambulance Transport 21.5 -41.6, 84.6 0.500 

 

Table 3.8 Factors Associated with Altered Door to Needle Times 

 

Variable Coefficient 95% Confidence Interval p Value 

On Hours 15.1 -13.8, 44.1 0.302 

Gender -33.8 -59.1, -8.6 0.009 

Age2 0.01 -0.04, 0.06 0.702 

Previous MI 7.8 -32.8, 48.4 0.703 

Previous PCI -3.0 -55.2, 49.1 0.908 

Ambulance Transport -0.9 -28.0, 26.2 0.947 

 

We also derived graphical representations of the proportion of patients being treated each year 

within the guideline-mandated standards (Figure 3.2). We can see that the percentage of 

patients with a door to balloon time less than 90 minutes steadily improved across the years of 

observation. In contrast, door to needle times were more variable: in 2004 and 2008 

approximately half of all STEMI were treated within 30 minutes. In both 2005 and 2007, 

performance was generally poorer at 39% and 31% less than 30 minutes, respectively. 
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Figure 3.2 Adherence to Reperfusion Time Guidelines 
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3.4 Discussion 

This retrospective review of reperfusion-eligible STEMI cases was intended to assess the 

performance of Dunedin Hospital against the evidence-based contemporary guidelines, with a 

focus on populations where potential inequalities of care could be expected. We also sought to 

quantify and highlight the trends described by anecdotal evidence; with a shift towards the use 

of primary PCI expected across the years included for analysis. This development was 

certainly proven: primary PCI increased from 12.9% in 2004 to 81.0% in 2008, and the use of 

lytics consequentially fell from 69.3% in 2004 to 13.9% in 2008 (p<0.001). As discussed 

extensively in Chapter 1, primary PCI has been proven the better treatment option by meta-

analysis of randomised controlled trials, with an expected short-term mortality reduction from 

9% to 7% (p=0.0002) (56), assuming experienced operators and large patient volumes (9, 58, 

59). While we could anticipate that the changes in reperfusion strategy identified in this study 

had some impact on outcomes, this did not translate to any observable, statistically significant 

effect. This is entirely expected, as showing a significant 2% reduction in mortality would 

require large absolute numbers, not available in this study. Even grouping all cases treated by 

primary PCI and lytics together resulted in an observed short-term mortality of 95.1% and 

94.5% respectively, which is clearly not significantly different. There was, however, a 

preponderance of higher-risk patients in the primary PCI group compared to the lytic group; 

with more anterior infarcts, previous myocardial infarcts and PCI procedures, poorer left 

ventricular systolic function and a significantly higher proportion of patients in Killip class 

IV. A significant proportion of patients receiving thrombolysis also underwent routine follow-

up angiography and PCI during their in-patient course. It is possible that these differences will 

mask an initial clinical advantage of primary PCI. 

 

We can broadly conclude that the results reported in this review support an approach whereby 

thrombolysis and primary PCI are both available management alternatives tailored to the 

individual patient context. It has been suggested that providing a dual structure to reperfusion 

options can produce poorer short-term mortality outcomes and longer procedural times, 

possibly because of confusion as to which strategy is appropriate in each individual case (57). 

However, there is no evidence to suggest this is the situation in our institution. There was a 

long mean door to balloon time observed in 2004, but as the number of cases treated by 

primary PCI increased over the study duration this measure decreased, presumably because of 
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improved institutional experience. An overall STEMI mortality of around 5% each year is a 

favourable result compared to the international literature base. The decision to implement a 

24/7 primary PCI treatment regime would require substantial financial, organisational and 

infrastructural resources which are currently well beyond the means of the existing system. 

These results are consistent with a previous study where those with high-risk benefited 

significantly from primary PCI, while those at lower risk showed no benefit (185). Validating 

the present arrangement by showing similarities in clinical and procedural outcomes seems to 

support the status quo, assuming patients continue to be stratified according to severity and 

the intended reperfusion strategy adjusted accordingly. Clinical experience even suggests that 

the rate of lytic use may have increased relative to primary PCI after 2008, as the department 

began to rationalise its use of this management strategy (M.J.A. Williams, oral personal 

communication 2010 Nov 27). A further study to verify this conjecture is underway as of 

November 2010.  

 

It could be stated that the real success story in terms of changes to reperfusion strategies is the 

large reduction in the proportion of patients receiving medical therapy: from 17.7% in 2004 to 

5.1% in 2008. From the very early literature, meta-analyses demonstrated an approximately 

3% reduction in short-term mortality when lytic therapy was compared to supportive 

treatments in STEMI (34). While once again our absolute numbers were small and no 

significant trends in outcomes were observed, it can be expected that this progress will 

gradually translate to an improvement in institutional performance. In Chapter 1 we stated 

that the proportion of STEMI patients not receiving any acute reperfusion treatment was 

approximately 30% across a range of international registry data (95-98). Clearly the figures 

from our institution are superior to those reported in contemporary STEMI management 

systems. Undoubtedly the patients in our study receiving medical therapy were considerably 

more unwell than those undergoing PCI or lytics (Table 3.2); however retrospective 

adjudication indicated that all included patients were ultimately reperfusion eligible. The 

historic nature of this analysis is a definite limitation, but by systematically screening a large 

number of admissions and applying the same criteria to all included and excluded cases it 

appears credible that the reduction in medical therapy is a true, identifiable trend.  

 

We must also make note of the high rates of bleeding observed in this analysis. To provide 

some context we can compare our observed bleeding rates against those reported in the recent 
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HORIZONS-AMI study, comparing the use of bivalirudin against heparin plus a glycoprotein 

IIb/IIIa inhibitor in STEMI patients receiving PCI (184). In this study the rate of TIMI major 

bleeding was 3.1% and 5.0% respectively, while in our study this result was consistently in 

the early- to mid-twenties, with the exclusion of 2008 where TIMI major bleeding was 

reported as 12.7%. Similarly the HORIZONS-AMI rate of bleeding in our study ranged from 

13.9% to 20.0%, whereas in the published study it was 6.8% and 10.8%, respectively. We 

reported no severe GUSTO bleeding in 2004 and 2008, in the remaining years it was reported 

as 3.3% each time, which is comparable with the 0.4% and 0.6% reported in the bivalirudin 

study. While our diversity in reperfusion and pharmacotherapy regimens render this a limited 

comparison, it serves to highlight our significant bleeding rates, which similarly extends to 

the minor bleeding categories.  

 

We can suggest a number of explanations for this observed result. Firstly, that the bleeding 

rates in this institution may truly be elevated and therefore should pose considerable cause for 

concern. Secondly, the recorded rates may in part be due to how the author has interpreted 

and applied the available definitions. The retrospective design of this analysis certainly lends 

itself in part to this explanation. There may also be some relation to the extensive use of lytic 

drugs, particularly in the earlier years of analysis. Examining Table 3.2 gives an indication 

that bleeding rates with thrombolysis are significantly raised against both the TIMI and 

HORIZONS-AMI definitions. This is an expected complication of lytic use, although 

possibly not to this same extent and across the four years of analysis, only one patient 

experienced a non-fatal intracranial haemorrhage as a result of lytic therapy. All of these 

explanations are likely to have some merit, along with the play of chance, small population 

sizes and the possibility of type I statistical error.  

 

The relative importance of each definition also deserves some mention. A study by Rao et al. 

(186) investigated the comparative prognostic implications of two of the bleeding definitions 

used in this review: TIMI and GUSTO. The authors concluded that when both scales were 

included in the same model, the risk of death or myocardial infarct increased with worsening 

GUSTO score, but not with TIMI bleeding. This indicates that asymptomatic falls in 

haemoglobin or haematocrit that do not require transfusion may not be associated with a 

worse outcome scenario. As it is the major and minor TIMI categories raising the most 

concern in this dataset, careful consideration must be applied before jumping to conclusions 
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about prognostic implications. Ultimately, however, bleeding can be a serious complication of 

cardiac procedures, and any questions about unjustifiably high rates of bleeding must be taken 

as a serious issue. In this regard our study has highlighted a potential clinical concern in terms 

of STEMI care at this institution; at least to whether this trend still exists after a number of 

years following the end-point of our data collection. 

 

With the focus on quality indicators in STEMI care being particularly prevalent throughout 

this thesis, it seemed a topical decision to stratify all included cases by presentation time. We 

observed that the majority of patients presenting to Dunedin Hospital arrived outside of the 

40-hour working week defined as ‘on-hours’. Interestingly, the patients presenting within the 

specified on-hours period were statistically older, with correspondingly higher GRACE and 

TIMI scores. While STEMI is well-known to have a specific circadian rhythm, more 

commonly occurring between the hours of 8am and 3pm (187), we could not find any 

published data to suggest why older patients may be more likely to arrive at hospital during 

these hours. Despite the differences in age and risk scores there were no other significant 

distinctions between the groups, apart from the relative increase in the use of lytics during off 

hours. In addition, there was no divergence in the procedural and clinical outcomes reported. 

In parallel with the two registry studies from the United States (119, 120), where there were 

no observed differences in door to needle times across presentation hours. In contrast to these 

two studies, however, we also observed no statistically significant difference in door to 

balloon times. That length of stay, bleeding, mortality, rehospitalisation and repeat 

myocardial infarct data were all similar is a credit to the department, and to the after-hours 

hospital staff. That presentation time does not appear to significantly impact STEMI 

outcomes further supports the immaterial need for 24/7 primary PCI facilities. 

 

From the review of the literature we expected to see women presenting with STEMI to be 

older and with significantly more co-morbidities (114). This was certainly the case in our 

observed cohort, along with almost double the number of men presenting with STEMI than 

women. Despite women having poorer baseline characteristics and prognostic risk scores their 

mortality data were largely comparable to men, in contrast to published literature which 

suggests a higher mortality for women, even when controlling for age and treatment strategy 

(115, 117). However, procedural data, and specifically door to needle times, were of serious 

concern when comparing the two sexes. Females could expect to have a mean door to needle 
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time of 65.4 minutes, while for men this was only 37.4 minutes (p=0.021). Clearly 65 minutes 

falls widely outside the recommended 30 minute maximum specified in all STEMI guidelines 

(9, 58, 59), and these data represent a significant inequality in care provision. While it is 

recognised that women can have non-specific ischaemic symptoms that could act to delay 

initiation of reperfusion therapy (118), we unfortunately do not have specific case details to 

support the impact that this has had on our data. Regardless, there is no excuse for this level 

of treatment delay when stratifying by gender, and as “every minute of treatment delay 

counts” (52), we cannot afford to be complacent about these results. Contemporary reviews 

support education programs that inform patients and health-care providers on the differential 

infarct symptoms experienced by women (188, 189). Reminding our own emergency care 

providers about these inconsistencies should be part of any future quality improvement 

agendas.  

 

Stratifying all cases by age produced similarly predictable results. The elderly population 

performed worse in terms of almost every baseline characteristic and risk prediction 

assessment, and this was reflected in subsequent mortality and repeat cardiac event data. In-

hospital mortality data were similar to that reported in the years 2001-2002 in a similar audit 

of elderly patients at this institution (190). Despite each case being adjudicated reperfusion-

eligible, patients over the age of 75 were significantly less likely to receive any form of acute 

reperfusion therapy, which fits with available international evidence (95). Symptom onset to 

hospital arrival time was significantly extended in the elderly population; a STEMI subgroup 

where this occurrence has already been well-characterised and highlighted as an opportunity 

to minimise disparities in care (191, 192). Factors proposed to explain this phenomenon 

include older patients experiencing denial and embarrassment, living alone and failure to 

recognise the symptoms of an acute myocardial infarct (192). Although door to needle times 

were equivalent, door to balloon times were appreciably extended in the elderly population. 

Advancing age and complex medical histories have both been identified as independent 

predictors of door to balloon delays (193), an interplay of both factors is likely to explain our 

results. Importantly, 195 minutes is well outside the recommended 90 minute threshold, and 

advancing age seems to represent another antecedent for unequal care provision in this 

system. Supporting this conclusion is the similarly suboptimal use of evidence-based 

therapies on discharge, despite no contraindications being reported. While once again 

published data recognises this as an international tendency (112), there are no excuses for this 
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trend. When a patient is truly treatment eligible, a failure to institute appropriate standards of 

care represents an unacceptable outcome in STEMI care, regardless of patient age or any 

other baseline demographic. 

 

Adherence to STEMI guidelines has been an important focus in the implementation of this 

review. That a number of factors seem to be associated with extended reperfusion times has 

already been elucidated: what we also must consider is the overall performance of our 

institutional system. As demonstrated in Figure 3.2, we can see that a large number of patients 

did not receive acute reperfusion therapy within the recommended time frame. Promisingly, 

door to balloon times were shown to fall progressively more within the 90 minute benchmark 

over our four years of study; we can probably hypothesise that this has something to do with 

increasing institutional volumes (57). Although the number of patients receiving lytics fell 

considerably, door to needle times did not rise correspondingly. While there would be a 

number of patients with mitigating circumstances preventing very timely access to 

reperfusion, thirty minutes is an achievable target that was still largely not being met 

throughout the study. If more recent data shows a continuation of this performance level, it 

may be appropriate to consider hospital-wide interventions to improve on these processes. 

 

To provide some context around the performance of Dunedin Hospital in terms of STEMI 

care, we can draw comparisons with published local and international registry data. The two-

week New Zealand ACS audit demonstrates that in 2007 only 15% of STEMI patients 

underwent primary PCI overall, compared to 66.7% in Dunedin (24). Considering that in 

2008 81% of all reperfusion-eligible STEMI patients received primary PCI in our study, this 

is a substantial difference, even when allowance is made for the fact that we only included 

reperfusion-eligible STEMI cases. Similarly the rate of patients not receiving in-patient 

echocardiography across New Zealand was 62% of all cases; in our data this ranged from 

11.3% to 15.0%. In-hospital mortality rates from the published study were 5.8% in 2007 and 

14% in 2002; this is broadly consistent with our data, where in-hospital deaths ranged from 

3.3% to 9.7%. Unfortunately no longer-term follow up data is available from this national 

analysis. A similar prospective audit involving 39 hospitals was carried out over between 

November 2005 and May 2006 in Australia (194). In this study, 60.4% of reperfusion eligible 

STEMI patients underwent primary PCI, with the remainder receiving thrombolysis. This rate 

was considerably higher than that seen in our institution in 2005, but by 2007 we were 
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performing at about this level. Once again in-hospital death rates were equivalent, with a 

STEMI mortality of 4.0% reported in Australia. An expanded version of this registry study 

analysed one-year outcomes: the STEMI mortality rate was reported as 8.0% and repeat MI 

rate 8.2% (195). While our long-term mortality fluctuated around this value, our repeat 

myocardial infarction rate appeared slightly higher, with a range between 9.9% and 15.1%.  

 

International European data is available courtesy of the 2004 Euro Heart Survey, spanning 

190 medical centres in 32 countries (97). Baseline demographics in terms of age, gender, prior 

MI, smoking, and hypertension were broadly similar to our results; however the rate of 

diabetes appeared slightly higher (21.4% compared with our range of 11.7% to 14.5%). Fifty 

percent of acutely reperfused STEMI patients received primary PCI and 41% lytics; an 

advance on our data from the same year, although we were able to match this rate by the end 

of our study period. In-hospital mortality for STEMI was 5.3%, and at 30-days this rose to 

6.4%. Our 30-day mortality rate ranged from 3.3% to 13.6%, although this is more likely a 

function of small numbers as there was no demonstrable statistical significance within this 

variance.  

 

The expanded GRACE study provides a sequential multi-national perspective on STEMI care, 

with involvement of 184 hospitals across 25 countries (26). Between 2001 and 2007 9,557 

patients were enrolled with STEMI in this registry. In all 74.2% received acute reperfusion 

therapy; the median recorded door to needle time was 32 minutes and median door to balloon 

time was 110 minutes, results that appear generally more favourable than our own reported 

data. A similar report from the same registry gives a more in-depth look at standards of 

STEMI care: the in-hospital death rate for the second half of 2005 was 4.6%, with an 

additional 4.5% mortality of those surviving past discharge (196). Recurrent myocardial 

infarction was 2.0% in-hospital, and a further 2.0% at six months. While we only have data 

for repeat myocardial infarction at one-year, the range seen in our study suggests a slightly 

higher rate than that seen in the GRACE registry. Overall, however, brief comparisons with 

other real-world STEMI data indicates that Dunedin Hospital performs on par with national 

and global health-care bodies, at least in terms of hard mortality end-points. Nonetheless, this 

is only an initial assessment, and further evaluation in terms of demographic, procedural and 

complication outcomes is probably warranted before any definitive conclusions about the 

relative performance of this institutions quality of STEMI care could be made. 
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3.5 Limitations 

There are a number of limitations of this review. Most notable is the retrospective nature of 

the case identification and data abstraction process. All results are dependent on the quality of 

reporting and the availability of individual patient information. Associated with this is the 

potential for missed STEMI cases. In the New Zealand ACS audit it was estimated that 

around 4% of cases were missed (24); in our retrospective study the proportion is likely to 

have been considerably higher. While the judgement around eligibility for reperfusion was 

made jointly by the student author and an experienced consultant cardiologist, a number of 

cases were undeniably border-line for inclusion or exclusion. These were usually cases with 

questionable degrees of ST-segment elevation or with non-specific onset of symptoms, which 

made presentation less than 12 hours from onset a difficult judgement call. Despite our best 

efforts for consistency, this adjudication process is likely to have introduced some element of 

bias into our final case selection.  

 

While all abstracted fields were double-checked for reliability, this process itself may have 

biased our results as the consultant cardiologist performing this task was non-blinded and not 

an independent observer. It is possible data fields were adjusted based on personal 

recollections of the case, and not purely from information available within the patient records. 

Similarly there may have been a subconscious bias towards procuring results that reflected 

favourably on the department. However, the need for clinical expertise out-weighed the desire 

for complete study independence.  

 

We must also consider our relatively limited sample size when making any conclusions about 

STEMI care or outcomes at this institution. The potential for both type I and type II statistical 

errors cannot be discounted. There were a number of cases lost to follow up; with such a 

small case load this could easily have biased our results. Also, there were a small number of 

patients who presented with STEMI more than once during our study period. This potentially 

means that stratifying cases, for example by year of presentation or by treatment type, 

produces non-independent samples and likely introduces an element of bias into the results 

presented here.  
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3.6 Conclusion 

The study presented here is a four-year retrospective appraisal of STEMI care at Dunedin 

Hospital. This period covers a significant change in care strategy: where the norm evolved 

from a predominantly pharmacologic approach to a more mechanical focussed strategy. 

Demographic factors identified from the literature including age, gender and presentation time 

were used to as a means to assess the performance of this system. Overall we identified a 

general consistency in our data with what is seen in the international STEMI literature. Short 

and long-term mortality data ranged around 5 to 15%, which is within the expected range. We 

did, however, identify a number of unacceptable failings, including treatment times that did 

not meet guideline-recommended standards, and the reduction in use of evidence-based 

therapies relative to patient age. The weaknesses identified as a result of this review, plus the 

comparisons with national and international STEMI care data, must be used to inform practice 

in a real-world context. In the future it may be appropriate to establish a more rapid-feedback 

system to ensure institutional improvements.  
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Chapter 4: Concluding Summary and Discussion 

This thesis is intended to provide an overview of contemporary optimal management of ST-

segment elevation myocardial infarction. In doing so we recognise that this is a constantly 

evolving field and that the information presented here may be superseded within a relatively 

short period of time.  

 

4.1 Chapter summaries and implications 

In Chapter 1 we reviewed a broad array of STEMI management systems. This particular form 

of acute myocardial infarction sits within a continuum of acute coronary syndromes and has 

its own specific pathophysiology, prognosis and care protocols. The two core acute 

reperfusion modalities are pharmacologic thrombolysis or a mechanical percutaneous 

approach; how these techniques are best distributed across a diverse STEMI population is 

subject to wide research and discourse. That primary PCI is often a superior option in an ideal 

world appears to be commonly accepted, assuming timely initiation. Guidelines recommend a 

door to balloon time of less than 90 minutes (58, 59), and clinical evidence suggests that the 

‘PCI-related delay’ should not exceed about 114 minutes (62). However, contextual factors 

surrounding individual patient demographics and institutional capabilities often preclude this 

form of acute reperfusion. Present thinking supports the use of lytic therapy followed by 

timely PCI when appropriate, with a number of specific caveats. A balancing act must be 

executed when integrating lytic therapy into systems of STEMI care: the use of timely (but 

not immediate) percutaneous intervention after thrombolysis is known as the 

pharmacoinvasive approach, and is currently evolving as best practice in certain settings (79, 

80). It seems likely that further fine-tuning of this practice structure will occur in the future. 

 

Extensive current guidelines inform the optimal organisation of STEMI care protocols. The 

New Zealand guidelines (9) lean heavily on those developed by the American and European 

cardiology societies (58, 59); which in turn transform the widespread research base into 

recommendations for real-world clinical practice. Beyond those concerning acute reperfusion 

modalities are policy statements regarding the use of adjunctive therapies and advice for 

optimal follow-up and prevention strategies. Unfortunately, despite wide dissemination of 

these guidelines, current practice often performs at sub-optimal levels. From a wide range of 
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international registry data we can estimate that up to 30% of STEMI patients who are 

reperfusion-eligible will receive no acute reperfusion therapy (95-98), a level that is 

completely unacceptable by modern standards. Contemporary challenges to care provision 

also often centre on the timeliness of acute therapy and equitable access to appropriate 

treatment. A number of patient subgroups routinely experience substandard levels of care: 

these include (but are not limited to) rural, elderly and out-of-hours STEMI patients. Such 

patients frequently experience delays to treatment and lower levels of modern invasive 

therapies and evidence-based medications, with the potential for these hospital processes to 

generate a worse clinical prognosis. The future direction of STEMI care will likely combine 

the development of novel therapies with the use of current knowledge in more equitable and 

intelligent ways. 

 

In the second chapter we considered the use of pre-hospital ECGs in improving reperfusion 

times and mortality, and rationalising decisions around the transport of STEMI patients within 

organised hospital networks. A wide literature search resulted in 18 papers which fulfilled our 

pre-specified inclusion criteria. In general these studies were small, with significant questions 

about the robustness of their methodology. We also observed a broad range of reporting styles 

with little consistency in terms of outcome assessment. In evaluating all available evidence 

we were able to conclude that this technology will likely contribute to reducing door to 

balloon times, but to what degree and whether this translates to improving mortality outcomes 

is less apparent.  

 

The decision about recommending incorporation of pre-hospital ECG technology into 

everyday practice requires significant deliberation. We have negligible data about the costs of 

implementing and maintaining such a system, however the introduction of smart-phone 

technology may negate such an argument to some degree. There also remain questions about 

who should be interpreting ECGs, and whether it is appropriate to activate the cardiac 

catheterisation laboratory based on such preliminary evidence. We may also consider the 

possibility of bypassing non-interventional hospitals; although the huge geographical area of 

the Otago region would not permit for this approach in this region. It can only be hoped that 

larger studies will be conducted in the future that will clarify these uncertainties, and allow for 

the introduction of what seems to be an intelligent convergence of technology already 

available to improve on STEMI care management and outcomes. 
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In Chapter 3 we undertook a retrospective review of real-world STEMI management at 

Dunedin Hospital over a four-year period. We observed a significant shift in the predominant 

treatment paradigms, reflecting the slow filtering of a large evidence base into clinical 

practice. While thrombolysis declined and primary PCI greatly increased, we did not observe 

any significant overall trends in procedural or follow-up outcomes. Allowing for stratification 

by treatment type proved that therapy allocation was being performed appropriately, for 

example with fewer patients in cardiogenic shock or having an anterior infarct receiving lytics 

compared to PCI. There was also a significant reduction in the number of patients receiving 

supportive only medical therapy without reperfusion. Despite this major change in strategy, 

there were no observed shifts in hard end-point outcomes, including mortality, which 

consistently sat at around 5-10% at hospital discharge. Due to our small sample size this 

variability is within the expected range, in conjunction with the fact that most patients 

receiving lytics went on to have some form of revascularisation therapy, which probably 

reduced this difference according to initial treatment strategy. From meta-analysis we would 

expect to see a mortality difference of about 2% when comparing the two modalities (56); 

however this difference is only 1% comparing fibrin-specific agents with primary PCI. In this 

small cohort of real-world STEMI patients with primary PCI focussed on higher-risk cases, 

we found no difference in mortality providing support for the current mixed strategy practice 

structure. These results are consistent with a previous study where those with higher-risk 

benefited significantly from primary PCI, while those at lower-risk showed no benefit (185).  

 

Despite the acceptable mortality data, we observed higher rates of bleeding outcomes than 

were previously expected. In general this was related to the calculated falls in haemoglobin 

and haematocrit that were reflected in the large TIMI and HORIZONS-AMI bleeding rates, 

which both contain biochemical elements in their definitions. By the GUSTO definition, 

which does not have a biochemical element and is based on clinical bleeding events, rates 

appeared to be relatively similar to those observed in published studies (184). We also 

observed more bleeding events with the use of thrombolysis: this was an expected result due 

to the specific pharmacologic effects of these drugs (40), although there was only one 

reported intracranial haemorrhage event across the years of study. It is unclear whether these 

results should cause a significant institutional concern. We discussed the importance of 

asymptomatic falls in biochemical markers: it is generally debated whether these have 

substantial prognostic implications (186). We must also make allowances for interpretation 
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error, the play of chance and statistical errors. A future direction for study in this department 

may be a comprehensive and considered analysis of more recent STEMI bleeding data, 

particularly in light of the shift to a more radial PCI approach.  

 

We went on to separate the population cohort by age, sex and hour of presentation to try and 

delineate any inequalities in care as characterised in the available literature. While we were 

able to show similarities in care regardless of the hour of presentation, both age and sex 

impacted on STEMI outcomes, most notable in the extension of door to needle times for 

women and the suboptimal use of timely, evidence-based therapies in the elderly. We were 

also able to characterise overall reperfusion times that sat well outside the guideline-directed 

maximum. Although door to balloon times improved relative to increasing use, door to needle 

times were consistently at or below 50% of patients receiving treatment within 30 minutes, 

with no trends to improvement. This is an important quality indicator and should serve as 

some concern to all invested parties. 

 

Despite the relatively small numbers in this cohort, we were able to conclude a general 

similarity in outcomes when comparing our results with national and international registry 

data. Furthermore, although infrastructural and fiscal realities prevent a 24 hour, seven day a 

week primary PCI facility, our results support a continuation of this scheme, with a continued 

rationalised approach to reperfusion. These presented data, while quite historic, may be useful 

in informing any future quality improvement program at this institution. However, a more 

rapid turnaround and feedback system would be considerably superior to this method in 

identifying gaps in STEMI care provision and ensuring swift quality advancement. It will be 

of particular interest to see how the most recent 2009 audit currently underway compares and 

contrasts the results presented in this thesis.  

 

 

4.2 Conclusion 

It is beyond doubt that optimal STEMI systems of care present a considerable challenge to 

modern health-care systems. By examining real-world outcomes in Dunedin Hospital we have 

identified a number of possible institutional improvements that largely reflect wider global 

challenges in STEMI care provision. We have also distinguished one particular contemporary 
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technology opportunity in pre-hospital ECG use, and attempted to tease out its true benefit in 

terms of recognised quality indicators. The three chapters included in this thesis can be 

perceived to summarise the future of STEMI care: namely that we know what we are dealing 

with and how best recommended to manage it, we recognise the real-world clinical failings, 

and that we have the capability to utilise new technology to improve on these weaknesses. To 

continue to confront these issues remains the key challenge in the optimal management of ST-

segment elevation myocardial infarction.  
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Appendix One: Review Protocol 

 

Background 

ST-segment elevation myocardial infarction (STEMI) is a high-risk acute coronary syndrome, with a 

correspondingly poor prognosis (27, 127). Urgent reperfusion by primary percutaneous coronary intervention is 

optimal management (128), with the challenge of how best to organise systems of care and logistics to achieve 

this in a timely and effective manner. Shorter times from hospital arrival to myocardial reperfusion have been 

shown to be associated with better outcomes and lower mortality (52, 129-132). Current American College of 

Cardiology/American Heart Association guidelines recommend a ‘door to balloon time’ of less than 90 minutes 

for primary percutaneous coronary intervention as a Class 1a recommendation; European Society of Cardiology 

Current guidelines advocate a first medical contact to balloon time of no more than 90 minutes (58, 59).  

Nevertheless, despite the available evidence, registry data shows many healthcare systems are still not meeting 

this quality indicator (100, 102). In 2006, the American College of Cardiology launched the D2B Alliance™, 

which aims to reduce door to balloon times below 90 minutes for 75% of non-transfer STEMI patients. Over 

1,100 hospitals in the United States have registered in this Alliance, and it has affiliated alongside a large 

number of relevant organisations. Similarly the American Heart Association has established the Get With The 

Guidelines program in order to promote institutional evidence based strategies for reducing reperfusion times 

(100). This underscores the importance of door to balloon time as a key quality metric and as a good candidate 

for institutional improvement agendas. 

Pre-hospital 12-lead electrocardiogram (ECG) use has been identified as a possible strategy to reduce door to 

balloon time (102). It allows pre-hospital triage and notification, early institution of treatment and reperfusion 

protocols, and potential bypass of emergency departments or non-interventional hospitals in regionalised systems 

of care. It is an ACC/AHA Class 1 recommendation, but registry data proves under-utilisation (137).  Our goal is 

to formally evaluate the evidence for pre-hospital ECG use as a strategy to reduce door to balloon catheter 

reperfusion times and to improve outcomes, including mortality, in ST-segment elevation myocardial infarction. 

 

Objective 

To determine the effectiveness of pre-hospital 12-lead electrocardiogram use in reducing catheter reperfusion 

times and improving outcomes, including mortality, in acute ST-segment elevation myocardial infarction. 

 

Methods 

Inclusion Criteria 

Population 

Patients who present with acute ST-segment elevation myocardial infarction, diagnosed by pre-hospital ECG, 

and are intended for primary percutaneous coronary intervention (PCI). 

Valid comparator populations will be those presenting with STEMI, intended for primary PCI, who do not have 

a pre-hospital ECG. Preferably these patients will be also transported by emergency services, but studies 

involving self-transported control groups will also be considered for inclusion. Where the nature of the control 

group is unspecified, we will attempt to establish this by contacting the study authors. If we are conclusively 
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unable to ascertain the control population characteristics, final inclusion will be determined by discussion 

between the review authors.  

Interventions 

The use of 12-lead ECGs in the pre-hospital setting for patients with suspected STEMI for whom urgent primary 

percutaneous coronary intervention may be indicated. Pre-hospital ECGs may have been interpreted by 

emergency personnel, transmitted for interpretation, or otherwise used in pathways of care or triage to bypass 

emergency departments or non-interventional hospitals, or within a regionalised system of care.  

Outcomes 

The primary outcomes will be (1) changes in catheter reperfusion (or ‘door to balloon’) times, and (2) mortality 

(in-hospital, 30-day, 1-year).  Studies will be included when at least one of these primary outcomes is recorded.  

Secondary outcomes will be (1) a measure of the proportion of STEMI cases having a door to balloon time of 

less than 90 minutes; (2) pre-hospital ECG transmission success/failure rates; (3) any other relevant time 

intervals published, and (4) any morbidity outcomes recorded, including (but not restricted to) length of hospital 

stay, rates of heart failure, rehospitalisation, and changes in left ventricular ejection fraction.  

Study Design 

We will include published studies that evaluate outcomes from incorporating pre-hospital ECG use compared to 

previous usual standard care.  

This review will not be restricted to randomised control trials. Interrupted time series and before and after study 

designs will be considered for inclusion. We feel it is important to include non-randomised trial designs due to 

the nature of the intervention, and how pre-hospital ECG use has been incorporated into optimising care, 

including into regionalised systems of STEMI management. Initial scoping searches have indicated that such 

systems may have undergone formal evaluation, but not necessarily by randomised controlled trial designs. 

The quality of these studies will be formally assessed (see ‘Quality Assessment’). However, it is not our 

intention to exclude studies based on poor quality assessment scores, as it has been previously verified that 

robust data (i.e. randomised controlled trials) are unlikely to be found.  

 

Exclusion Criteria 

Studies will be excluded if they do not pertain to pre-hospital ECG use; do not record a quantitative reperfusion 

times and/or mortality data; involve acute coronary syndromes other than ST-segment elevation myocardial 

infarction; or do not entail mechanical reperfusion strategies (i.e. thrombolysis). Studies must include relevant 

comparator data, but allowance will be made for non-concurrent (historic) controls. 

Studies that fall outside the randomised or quasi-experimental trial designs specified are to be excluded. Due to 

resource constraints, only published studies in English language will be considered.  

Studies will be only be accepted for inclusion if they have ten or greater participants.  

 

Search Strategy 

A literature search will be made of the electronic databases MEDLINE, EMBASE, CENTRAL (via Ovid), and 

CINAHL (via EBSCO). There will be no restriction on study date, however due to resource constraints studies 

will be restricted to published English language reports. The search will be undertaken using MeSH, EMTREE 

and CINAHL Subject Headings, where relevant. Key word searching, wild card truncation and adjacent term 
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searches will also be used. Discussion will be maintained with experienced medical librarians as to the suitability 

of the developing search strategy.  

All studies identified as likely to be relevant and thus for full text review will have their bibliographies screened 

for further pertinent literature.  

 

Search Terms for Electronic Databases 

The search strategy for the MEDLINE database is detailed below. This will be adapted individually to the other 

specified databases where required. 

1. Myocardial Infarction/ 

2.  myocardial infarct*.tw. 

3.  (st adj3 elevation).tw. 

4.  stemi.tw. 

5.  ami.tw. 

6.  acute coronary.tw. 

7.  (acute adj3 infarct*).tw. 

8.  (1) OR (2) OR (3) OR (4) OR (5) OR (6) 

 OR (7) 

 9. Angioplasty, Transluminal, Percutaneous 

 Coronary/ 

10. Angioplasty/ 

11.  Angioplasty, Balloon/ 

12. (percutaneous adj3 intervention).tw. 

13. pci.tw. 

14. angioplasty.tw. 

15. (cardiac adj3 catheter*).tw. 

16. (9) OR (10) OR (11) OR (12) OR (13) OR 

 (14) OR (15) 

17. Electrocardiography/ 

18. electrocardio*.tw. 

19. ecg.tw. 

20. ekg.tw. 

21. (prehospital adj5 ecg*).tw. 

22. (prehospital adj5 electrocardio*).tw. 

23. Telemedicine/ 

24. Emergency Medical Service 

 Communication Systems/ 

25. Emergency Medical Services/ 

26. Triage/ 

27. (17) OR (18) OR (19) OR (20) OR (21) 

 OR (22) OR (23) OR (24) OR (25) OR 

 (26) 

28. Time Factors/ 

29. door to balloon.tw. 

30. (reperfusion adj3 time*).tw. 

31. (treatment adj3 delay*).tw. 

32. Mortality/ 

33. Hospital Mortality/ 

34. Survival Analysis/ 

35. Survival Rate/ 

36. Ventricular Dysfunction, Left/ 

37. ventric* function.tw. 

38. rehospit*.tw. 

39. (28) OR (29) OR (30) OR (31) OR (32) 

 OR (33) OR (34) OR (35) OR (36) OR 

 (37) OR (38) 

40. (8) AND (16) AND (27) AND (39)  

 

Selection Procedure 

Results will be screened on the basis of titles/abstracts and the full text of studies that appear likely for inclusion 

will be assessed by one reviewer. Identified studies will be matched against the specific inclusion and exclusion 

criteria and final adjudication for the inclusion of a particular study will be via discussion with a statistician and 

academic supervisor where necessary.  

Duplicates of published studies will be identified by juxtaposing authors and study settings of those articles 

deemed likely for inclusion.  
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Data Extraction 

Clinical, methodological and statistical data extraction will be conducted by one main reviewer. This will include 

a detailed extraction of general study information, study characteristics, participant characteristics, intervention 

and setting characteristics and all outcome data for each pre-specified outcome and each intervention or control 

groups. 

A standard data extraction form will be used to ensure reliability and minimise bias. Although it would be 

preferable to have two reviewers extract all data in order to reduce human error, this is unlikely to be feasible. 

Depending on resource constraints this may extend to the entirety of data extraction.  

 

Assessment of Methodological Quality 

Quality of included studies will be formally evaluated by a published, validated assessment tool as recommended 

by an experienced statistician. As stated, randomised controlled data is not expected and quality assessment is 

not expected to be a stand-alone reason for exclusion of any study.  

 

Synthesis 

Initial scoping of the topic has indicated that time variables are likely to be recorded as medians rather than 

means. This poses difficulties for the implementation of accurate meta-analyses. Similarly, it may transpire that 

pooling results from diverse, non-randomised trials becomes misleading as excess weight is accorded to non-

robust data. For these reasons meta-analyses is unlikely, but not entirely discounted. A final decision will be 

made on the basis of quality assessment, all statistical data available and discussion with the statistician. Where 

meta-analysis cannot be performed, a narrative summary of the procured results will be undertaken. 
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Appendix Two: Full Search Strategies 

 

EMBASE Search (via Ovid) 

1. Heart Infarction/ 

2. Acute Heart Infarction/ 

3. ST-Segment Elevation/ 

4. myocardial infarct*.tw. 

5. (st adj3 elevation).tw. 

6. stemi.tw. 

7. ami.tw. 

8. acute coronary.tw. 

9. (acute adj3 infarct*).tw. 

10. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 

OR 9 

11. Percutaneous Coronary Intervention/ 

12. Heart Catheterization/ 

13. Percutaneous Transluminal Angioplasty/ 

14. Transluminal Coronary Angioplasty/ 

15. Angioplasty/ 

16. (percutaneous adj3 intervention).tw. 

17. pci.tw. 

18. angioplasty.tw. 

19. (cardiac adj3 catheter*).tw. 

20. 11 OR 12 OR 13 OR 14 OR 15 OR 16 OR 

17 OR 18 OR 19  

21. Electrocardiogram/ 

22. Electrocardiography/ 

23. Electrocardiography Monitoring/ 

24. electrocardio*.tw. 

25. ecg.tw. 

26. ekg.tw. 

27. (prehospital adj5 ecg).tw. 

28. (prehospital adj5 electrocardio*).tw. 

29. Telephone Telemetry/ 

30. Telemedicine/ 

31. Telecommunication/ 

32. Emergency Care/ 

33. Emergency Health Service/ 

34. Wireless Communication/ 

35. 21 OR 22 OR 23 OR 24 OR 25 OR 26 OR 

27 OR 28 OR 29 OR 30 OR 31 OR 32 OR 

33 OR 34  

36. Time/ 

37. door to balloon.tw. 

38. (reperfusion adj3 time*).tw. 

39. (treatment adj3 delay*).tw. 

40. Therapy Delay/ 

41. Survival/ 

42. Survival Rate/ 

43. Mortality/ 

44. Heart Left Ventricle Function/ 

45. ventric* function.tw. 

46. rehospit*.tw.  

47. 36 OR 37 OR 38 OR 39 OR 40 OR 41 OR 

42 OR 43 OR 44 OR 45 OR 46 

48. 10 AND 20 AND 35 AND 47 

 

 

CENTRAL Search (via Ovid) 

1. Myocardial Infarction/ 

2. myocardial infarct*.tw. 

3. (st adj3 elevation).tw. 

4. stemi.tw. 

5. ami.tw. 

6. acute coronary.tw. 

7. (acute adj3 infarct*).tw. 

8. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 

9. Angioplasty, Transluminal, Percutaneous 

Coronary/ 

10. Angioplasty/ 

11. Angioplasty, Balloon/ 

12. (percutaneous adj3 intervention).tw. 

13. pci.tw. 

14. angioplasty.tw. 

15. (cardiac adj3 catheter*).tw. 

16. 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 

15 
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17. Electrocardiography/ 

18. electrocardio*.tw. 

19. ecg.tw. 

20. ekg.tw. 

21. (prehospital adj5 ecg*).tw. 

22. (prehospital adj5 electrocardio*).tw. 

23. Telemedicine/ 

24. Emergency Medical Service 

Communication Systems/ 

25. Emergency Medical Services/ 

26. Triage/ 

27. 17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 

23 OR 24 OR 25 OR 26 

28. Time Factors/ 

29. door to balloon.tw. 

30. (reperfusion adj3 time*).tw. 

31. (treatment adj3 delay*).tw. 

32. Mortality/ 

33. Hospital Mortality/ 

34. Survival Analysis/ 

35. Survival Rate/ 

36. mortality.tw. 

37. Ventricular Dysfunction, Left/ 

38. ventric* function.tw. 

39. rehospit*.tw. 

40. 28 OR 29 OR 30 OR 31 OR 32 OR 33 OR 

34 OR 35 OR 36 OR 37 OR 38 OR 39 

41. 8 AND 16 AND 27 AND 40 

 

 

CINAHL Search (via EBSCO) 

1. Myocardial Infarction/ 

2. TX myocardial infarct* 

3. TX ami 

4. TX acute coronary 

5. TX acute N3 infarct* 

6. ST Segment/ 

7. TX st N3 elevation 

8. TX stemi 

9. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 

10. Angioplasty, Transluminal, Percutaneous 

Coronary/ 

11. Angioplasty, Balloon/ 

12. Angioplasty/ 

13. Heart Catheterization/ 

14. TX percutaneous N3 intervention 

15. TX pci 

16. TX angioplasty 

17. TX cardiac N3 catheter* 

18. 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 

16 OR 17 

19. Electrocardiography/ 

20. TX electrocardio* 

21. TX ecg 

22. TX ekg 

23. TX prehospital N5 ecg* 

24. TX prehospital N5 electrocardio* 

25. Emergency Medical Services/ 

26. Emergency Medical Service 

Communication Systems/ 

27. Prehospital Care/ 

28. Triage/ 

29. 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 

25 OR 26 OR 27 OR 28 

30. Time Factors/ 

31. TX door to balloon 

32. TX reperfusion N3 time* 

33. TX treatment N3 delay* 

34. Mortality/ 

35. Hospital Mortality/ 

36. TX mortality 

37. TX survival 

38. TX ventric* function 

39. TX rehospit* 
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Appendix Three: Study Data Items 

 
Year 

NHI 

Origin 

DOB 

Age 

Gender 

HR 

BP 

Killip 

Weight 

Cr 

MI Type 

Angina 

Diabetes 

Hypertension 

Smoker (Current) 

Smoker (Ever) 

CHF 

Peripheral Vascular Disease 

Cerebrovascular Disease 

Chronic Lung Disease 

Chronic Renal Disease 

Previous MI 

Previous PCI 

Previous CABG 

LVSF Index Admission 

LVSF >3/12 

TIMI Score 

GRACE Score 

Admission/Inhospital Onset Date 

Discharge Date 

LOS 

On/Off Hours 

Onset 

Triage/Arrival Time 

Onset to Arrival Time 

ECG Time 

Strategy 

Needle Time 

Door to Needle Time 

Symptom Onset to Needle Time 

Local Anaesthetic Time 

Balloon Time 

Door to Balloon Time 

Symptom Onset to Balloon Time 

Case End 

Case Duration 

RUS Costs 

Other Costs 

DC on ASA/BB/Statin 

Missing… 

MI Complications 

Procedural Complications 

GUSTO Bleeding 

TIMI Bleeding 

HORIZONS-AMI Bleeding 

CABG Related Bleeding 

Transfusion 

Rehospitalisation 

Cardiac Rehospitalisation 

Cardiac Rehospitalisation Number 

Non-Cardiac Rehospitalisation 

Non-Cardiac Rehospitalisation Number 

Repeat MI 

Discharge Vital Status 

30 Day Vital Status 

One Year Vital Status 

Ambulance Dispatch 

Ambulance Scene Arrival 

Ambulance Scene Departure 

Ambulance Arrival DPH 

Total Ambulance Time  

Ambulance ‘On-Scene’ Time 

EMS Contact to Balloon Time 

EMS Contact to Needle Time 

Comments 

Finalised



 

127 

 

Appendix Four: Bleeding Definitions 

 

HORIZONS-AMI (184) 

“Major bleeding was defined as intracranial or intraocular hemorrhage; bleeding at the access site, with 

a hematoma that was 5cm or larger or that required intervention; a decrease in the haemoglobin level of 

4g per decilitre or more without an overt bleeding source or 3 g per decilitre or more with an overt 

bleeding source; reoperation for bleeding; or blood transfusion”.  

 

 

TIMI (37) 

“Hemorrhage was defined as “major” if there was a reduction of haemoglobin of 5 g/dl or more (or 

>15% in hematocrit) or any intracranial bleeding. Hemorrhage was classified as “minor” if there was an 

observed blood loss and drop in haemoglobin of 3 to 5 g/dl (or in hematocrit from 10% to 15%) from 

study entry to the time of the lowest haemoglobin (hematocrit) and this was within 10 days; if there was 

spontaneous gross hematuria or hematemesis (>120 ml), even if the haemoglobin or hematocrit drop 

was less than 3 g or less than 10%, respectively; or if there was an unobserved loss 4 g/dl or more in the 

haemoglobin or 12% or more in the hematocrit. Blood loss attributable to revascularization or other 

surgical procedures was not classified as a TIMI hemorrhagic event”. 

 

GUSTO (38) 

“Bleeding complications were classified as severe or life-threatening if they were intracerebral or if 

they resulted in substantial hemodynamic compromise requiring treatment. Moderate bleeding was 

defined by the need for transfusion. Minor bleeding referred to other bleeding, not requiring transfusion 

or causing hemodynamic compromise”. 

 


