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ABSTRACT
Background  Early recognition of ST-segment elevation 
myocardial infarction (STEMI) is needed for timely cardiac 
monitoring and reperfusion therapy.
Methods  Three anonymously linked New Zealand 
national datasets (July 2016–November 2018) were 
used to assess the utilisation of ambulance transport in 
STEMI cases, the concordance between ambulance initial 
clinical impressions and hospital STEMI diagnoses, and the 
association between initial paramedic clinical impressions 
and 30-day mortality. The St John Ambulance electronic 
record captures community call-outs and paramedic initial 
clinical impressions. The national cardiac (ANZACS-QI) 
registry and national administrative datasets capture all 
New Zealand public hospital admission diagnoses and 
mortality data.
Results  Of 5465 patients with STEMI, 73% were 
transported to hospital by ambulance. For these patients, 
the initial paramedic impression was STEMI in 50.7%, 
another acute coronary syndrome (ACS) diagnosis in 
19.9% and non-ACS diagnosis in 29.7%. Only 37% of 
the 5465 patients with STEMI were both transported 
by ambulance and clinically suspected of STEMI by 
paramedics. Compared with patients with paramedic-
‘suspected STEMI’, 30-day mortality was over threefold 
higher for patients thought to have a non-ACS condition 
(10.9% and 34.9%, respectively), but after adjustment for 
available covariates, this was substantially ameliorated 
(HR 1.48, 95% CI 1.22 to 1.80).
Conclusions  In this national data linkage study, only 4 
out of every 10 patients with STEMI were both transported 
by ambulance and had STEMI suspected by paramedics. 
Although patients with STEMI not suspected of an ACS 
diagnosis by paramedics had the highest mortality rate, 
this is largely explained by the different risk profile of 
these patients.

INTRODUCTION
Timely and accurate diagnosis of ST-segment 
elevation myocardial infarction (STEMI) 
is a prerequisite for implementation of 
optimal evidence-based treatments including 
antithrombotic therapy and coronary reper-
fusion.1–8 The St John Ambulance service 
is a charity with funding from government 
and community donations, attends to most 

of the medical emergency call-outs in New 
Zealand (NZ). Virtually all emergency hospi-
talisations in NZ are admitted to public hospi-
tals, including over 99% of acute coronary 
syndrome (ACS) admissions.9 In 2016, St 
John Ambulance implemented an electronic 
clinical record which contains informa-
tion on patient clinical status and the para-
medic initial clinical impression, including 
‘suspected STEMI’ and ‘other suspected 

Key questions

What is already known about this subject?
	► Timely and accurate diagnosis of ST-segment ele-
vation myocardial infarction (STEMI) is important to 
facilitate cardiac monitoring and acute reperfusion 
therapy. Prior studies have reported variable accura-
cy in STEMI diagnoses by paramedics, but the over-
all proportion of all hospitalised patients with STEMI 
who are transported by ambulance and had STEMI 
suspected by paramedics is not known.

What does this study add?
	► This national data linkage study anonymously linked 
the New Zealand national cardiac (ANZACS-QI) reg-
istry, national administrative datasets and the St 
John Ambulance electronic records to identify all 
patients hospitalised with STEMI. This allowed us 
to report the proportion presenting via ambulance 
and the accuracy of the paramedic clinical impres-
sions. Only 4 out of every 10 hospitalised patients 
with STEMI were both transported by ambulance 
and had STEMI suspected by paramedics. Patients 
with STEMI who were not suspected of an acute 
coronary syndrome diagnosis by paramedics had a 
higher mortality rate than those suspected of STEMI 
or who self-transported to hospital, although this is 
largely explained by the different risk profile of these 
patients.

How might this impact on clinical practice?
	► Increasing both the proportion of patients trans-
ferred by ambulance and improving identification 
of at-risk patients by paramedics are needed to 
optimise the known benefits of early and accurate 
STEMI identification.
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cardiac’. Anonymised linkage of individual ambu-
lance electronic records with public hospitalisation and 
mortality databases allows us to construct a comprehen-
sive dataset of ambulance-to-hospital transfers, hospitali-
sations and outcomes for most of NZ. These linked data-
sets were used to investigate the utilisation of ambulance 
transport in STEMI cases, and to evaluate the concord-
ance between the paramedic initial clinical impressions 
and the final hospital diagnoses. Our aims were to deter-
mine the proportion of patients with a final hospital diag-
nosis of STEMI who were transported by ambulance with 
a paramedic-‘suspected STEMI’, and to assess the impact 
of discordance between prehospital and final STEMI 
diagnoses on mortality outcomes.

METHOD
This national data linkage study included consecu-
tive cases captured in each of the three health datasets 
between 01 July 2016 and 30 November 2018.

Terms used in this study
The definition of ‘suspected STEMI’ in St John records 
required both clinical impression and ECG suggestive of 
STEMI by paramedics. When their initial impression is 
ACS or other cardiac conditions but felt not to meet the 
criteria for STEMI, then it is classified as ‘other suspected 
ACS’. The initial clinical impression is generally that of 
the paramedic prior to any electronic transmission of the 
ECG to an interventional centre. Remaining cases which 
do not meet either definition are classified as ‘ACS not 
suspected’.

Datasets
The St John electronic record system collects infor-
mation for all ambulance call-outs, including patient 
demographics, clinical indications, transport times, and 
prehospital assessment and management. The ambu-
lance data were obtained for the whole of NZ except for 
patients transported to Wellington, Hutt and Wairarapa 
Hospitals because they use a different ambulance service 
(contributing only 10% of the NZ total).

The All NZ Acute Coronary Syndrome Quality 
Improvement (ANZACS-QI) registry has captured over 
99% of NZ patients with ACS investigated with coronary 
angiography since 2015. The dataset and methodology of 
the ANZACS-QI registry have been previously reported, 
capturing ACS diagnosis types—STEMI, non-ST-elevated 
ACS (NSTEACS) and non-ACS diagnoses.10

The national administrative datasets include the 
National Minimum Dataset (NMDS) which provides Inter-
national Classification of Diseases (ICD) 10AM-coded 
hospitalisation records, the Mortality Collection that 
provides mortality data, and the National Non-Admitted 
Patient Collection (NNAPC) which records patients 
presented to the emergency department who do not 
require hospitalisation and are discharged alive. NNAPC 
does not record ICD-coded diagnostic information. 
Online supplemental table 1 shows the ICD-10AM codes 

used to define ACS diagnosis subtypes in the NMDS 
(STEMI, non-STEMI (NSTEMI), unstable angina (USA), 
myocardial infarction (MI) unspecified), and other 
coronary heart disease diagnoses. Both primary and 
secondary codes were used. Age, gender, ethnicity and 
an area-based index of socioeconomic deprivation (New 
Zealand Deprivation Index 2013 (NZDep13))11 were 
obtained from the national datasets. Ethnicity was prior-
itised using a modified version of NZ Standard Ethnicity 
Protocol.1211 Admission hospitals were classified as those 
participating in a routine primary percutaneous coronary 
intervention (PCI) service, those with a catheter labora-
tory but without routine primary PCI availability, or rural 
hospitals without a catheter laboratory. For STEMI cases, 
‘system time’ was from ambulance dispatch to hospital 
arrival.

Dataset linkage and cohort construction
Every patient in contact with NZ health system is assigned 
a unique identifier, the National Health Index (NHI). 
The NHI can be used to anonymously link multiple elec-
tronic databases using a common encrypted NHI.10

Combined National Dataset: ACS hospitalisation episodes 
in the NMDS were defined using a previously validated 
‘bundling’ method to account for interhospital transfers 
within a single ACS episode of care.9 For NMDS ACS 
bundles with more than one ACS diagnosis, ACS type 
was prioritised in the order STEMI>NSTEMI>USA>MI 
unspecified. When discrepancies arose between the 
final diagnoses in NMDS and ANZACS-QI, the latter 
was prioritised. The ANZACS-QI and NMDS admissions 
were linked and patients admitted to hospitals not in the 
St John catchment were excluded to form a Combined 
National Dataset.

St John dataset: from the raw St John dataset (789 466 
records), duplicate entries and multiple call-outs of 
the same episode were excluded (n=25 865). A further 
183 428 records were excluded as they were records of 
hospital transfers, prehospital deaths or for patients not 
transferred to hospital, where hospitalisation diagnostic 
data were not available. The final 580 173 St John acute 
hospital transports and 2 256 567 Combined National 
Dataset admissions were merged, resulting in a final 
cohort of 2 396 391 records for analysis (online supple-
mental figure 1).

Outcomes
The primary endpoint, 30-day post-admission all-cause 
mortality, was obtained for patients with a final STEMI 
diagnosis using the National Mortality dataset. These are 
reported for the first STEMI presentation per patient.

Statistics
Results were presented as mean with SD and/or median 
with IQR for continuous variables and frequency 
(percentage) for categorical variables. Comparison 
between groups (St John initial diagnosis or St John 
attendance) was done using Pearson’s Χ2 test for 
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categorical data or non-parametric Mann-Whitney U test 
for continuous variables as the data were not normally 
distributed. The significance of the difference between 
the final diagnosis of STEMI according to the initial 
St John clinical impression and method of transport 
to hospital was tested using log-rank test. Unadjusted 
Kaplan-Meier curves showed the association between 
final diagnosis of STEMI according to initial St John 
clinical impression and method of transport to hospital, 
and mortality. The proportional hazard assumption was 
tested using SAS ASSESS statement in PROC PHREG 
and was met. Multivariable Cox regression models were 
used to estimate the adjusted hazard of ambulance para-
medic ‘other suspected ACS’, ‘ACS not suspected’ and 
‘not attended by ambulance’ compared with ‘suspected 
STEMI’ for 30-day mortality. Covariates included were 
age (continuous), gender, ethnicity, NZDep13, modi-
fied non-cardiac Charlson Comorbidity Index, coronary 
intervention status and hospital. All p values were two 
tailed and p<0.05 was considered statistically significant. 
Data were analysed using SAS V.9.4 (SAS Institute), and 
survival plots were created using RStudio V.1.1.442.

Patient and public involvement
It was not appropriate to involve patients or the public in 
the design, conduct, reporting or dissemination plans of 
our research.

RESULTS
There were 5465 admissions with a final diagnosis of 
STEMI (table  1) and 3989 (73%) were transported to 
hospital by ambulance and 1486 (27%) self-presented. 
Of those transported by ambulance, 2016 (50.7%) had a 
prehospital clinical impression of suspected STEMI, 792 
(19.9%) were suspected of another ACS diagnosis and 
1181 (29.7%) were not suspected of an ACS.

For the 3557 cases where paramedics suspected a 
STEMI, the positive predictive value was 57%. Of the 
remaining cases, 16% were admitted with another coro-
nary heart disease (CHD) diagnosis, predominantly 
NSTEACS. Another 21% were admitted with non-cardiac 
diagnosis and 7% were alive but did not require hospital 

admission. Therefore, of all the cases suspected by 
paramedics of having STEMI, 72% had a final cardiac 
diagnosis.

Table 2 shows the characteristics of those cases with a 
final diagnosis of STEMI according to the initial para-
medic impression and the mode of presentation. Cases 
identified as suspected STEMI by paramedics, as opposed 
to another diagnosis, were more likely to be younger 
and male. They also had less medical comorbidity when 
compared with those with a non-cardiac initial impres-
sion. Māori (45%) or Pacific people (42%) with STEMI 
were less likely to be initially identified as having a STEMI 
than Indian (57%), other Asian (58%) and European/
other (52%) people. Only 36% of STEMI cases trans-
ported initially to rural hospitals without catheter labora-
tories were suspected STEMIs prehospital compared with 
53% transported to hospitals participating in a routine 
primary PCI service and 47% to hospitals with a cath-
eter laboratory but without routine primary PCI. The 
mean time from first medical contact to hospital arrival 
was shorter when St John suspected a cardiac condition 
(54.6, 54.0 and 59.3 min for suspected STEMI, other ACS 
and non-ACS, respectively (p<0.001)). Self-presentation 
to hospital, in contrast to ambulance transfer, was more 
common among older patients, men and non-European/
other ethnic groups (Māori (36%), Pacific (31%), Euro-
pean/other (24%)).

Of the 3989 patients transported by ambulance with a 
final diagnosis STEMI, 2016 (51%) had an initial para-
medic clinical impression of STEMI. As a consequence of 
this diagnostic sensitivity, combined with 73% of patients 
being transported by ambulance, only 37% of all STEMI 
cases were identified prehospital as a suspected STEMI 
(table  3). This proportion varied by age—younger 
patients, men and European/other patients with STEMI 
were most likely to be transported by ambulance with 
a clinically suspected STEMI (European/other 38.7% 
vs Māori and Pacific groups, 28.7% and 28.9%) as were 
those without multiple comorbidities.

In the 38 332 cases with an initial ambulance paramedic 
clinical impression of ‘other suspected ACS’, 792 (2.1%) 

Table 1  Ambulance initial clinical impressions and the final diagnosis available in the Combined National Dataset for all cases

Final diagnosis in the Combined National Dataset (column %)

STEMI NSTEACS Other CHD Non-CHD
Not 
admitted Total

Total 5465 28 304 14 862 2 184 334 163 426 2 396 391

Ambulance-suspected cardiac

 � Suspected STEMI 2016 (36.9) 472 (1.7) 86 (0.6) 733 (0.1) 250 (0.2) 3557 (0.1)

 � Other suspected ACS 792 (14.5) 6876 (24.3) 2484 (16.7) 21 931 (1.0) 6249 (3.8) 38 332 (1.6)

Ambulance ‘ACS not suspected’ 1181 (21.6) 8785 (31.0) 3749 (25.2) 367 642 (16.8) 156 927 (96.0) 538 284 (22.5)

Not attended by ambulance 1476 (27.0) 12 171 (43.0) 8543 (57.5) 1 794 028 (82.1) – 1 816 218 (75.8)

CHD, coronary heart disease; NSTEACS, non-ST-elevated acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction.
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had a STEMI diagnosis and 18 145 (24.4%) had a diag-
nosis of NSTEACS or other CHD (table 1). There were 
57.2% diagnosed with a non-ACS condition, and 16.3% 
who did not require admission and for whom no further 
diagnostic information is available.

Outcomes for STEMI cases according to mode of 
transport to hospital and the initial paramedic clinical 
impression are shown in table 4 and figure 1. Of the 5465 
presentations with STEMI, 259 were repeat presentations 
which left 5206 (95.3%) first STEMI presentations for 
outcome analysis. The characteristics of this ‘first presen-
tation’ cohort are similar to those shown in table 2 for all 
cases (online supplemental table 3).

The unadjusted 30-day mortality rates for patients with 
a final diagnosis of STEMI were similar for ambulance-
suspected STEMI (9.0% (95% CI 7.8% to 10.3%)), 
suspected ‘other ACS condition’ (10.9% (95% CI 8.8% 
to 13.3%)) and for self-presenters (10.3% (95% CI 
8.8% to 12.0%)). However, those transported by ambu-
lance but not suspected of an ACS had the highest 
30-day mortality rate (34.9% (95% CI 32.2% to 37.8%), 
p<0.001). After adjusting for all demographic and clin-
ical covariates (table 4, Model C), 30-day mortality was 
lower for self-presenters with STEMI than for patients 
with STEMI identified by ambulance paramedics (HR 
0.73, 95% CI 0.58 to 0.92). The risk for patients trans-
ported by ambulance but not initially suspected of an 
ACS was ameliorated but remained higher than for 
patients with STEMI identified by ambulance para-
medics (HR 1.48, 1.22 to 1.80), and remained similar 
for ambulance-suspected ‘other ACS conditions’ (HR 
0.85, 0.65 to 1.11).

DISCUSSION
St John Ambulance attends most of the call-outs in 
NZ and by combining its electronic dataset with the 
national datasets, we have a unique opportunity to 
assess both the accuracy of prehospital clinical impres-
sions and their association with longer term outcomes. 
Only half of the patients with STEMI transported by 
ambulance were accurately identified and 20% were 
suspected of another ACS diagnosis, with the rest not 
initially thought to have an ACS. Over 60% of patients 
with STEMI self-presented or were not identified by 
paramedics and so missed out on opportunities for 
early reperfusion by activation of the cardiac catheter-
isation laboratory or receipt of prehospital fibrinol-
ysis. The unadjusted all-cause mortality was similar for 
ambulance-transported patients suspected of either 
STEMI or another ACS condition, and in those who self-
presented, but mortality was more than three times as 
high in those not suspected of an ACS. After adjustment 
for covariates, the excess mortality risk associated with 
not being suspected by paramedics of having a STEMI 
was ameliorated, but remained 1.5 times higher than for 
those initially identified as having a STEMI.

Table 3  Proportion of patients with a final diagnosis 
of STEMI who were transported by ambulance with a 
paramedic-suspected STEMI

Final STEMIs transported by 
ambulance and suspected of STEMI 
prehospital/all final STEMI

All 2016/5465 (36.9%)

Age group, years

 � <45 106/264 (40.2%)

 � 45–54 281/766 (36.7%)

 � 55–64 534/1287 (41.5%)

 � 65–74 501/1344 (37.3%)

 � 75–84 393/1101 (35.7%)

 � 85+ 201/703 (28.6%)

Gender

 � Male 1382/3606 (38.3%)

 � Female 634/1859 (34.1%)

Ethnicity

 � Māori 184/642 (28.7%)

 � Pacific 80/277 (28.9%)

 � Indian 86/235 (36.6%)

 � Other Asian 79/210 (37.6%)

 � European/other 1587/4101 (38.7%)

NZDep13

 � 1–2 (least 
deprived)

327/848 (38.6%)

 � 3–4 375/955 (39.3%)

 � 5–6 385/967 (39.8%)

 � 7–8 452/1155 (39.1%)

 � 9–10 (most 
deprived)

439/1261 (34.8%)

 � Missing 38/279 (13.6%)

Hospital status

 � Primary PCI centre 1408/3636 (38.7%)

 � Non-primary PCI 
centre

551/1609 (34.2%)

 � Rural hospital 
without cath lab

57/220 (25.9%)

Non-cardiac Charlson Index

 � 0 1551/3754 (41.3%)

 � 1–2 326/1040 (31.3%)

 � 3+ 139/671 (20.7%)

Coronary intervention status

 � No cath 270/1455 (18.6%)

 � Cath with 
intervention

1574/3435 (45.8%)

 � Cath without 
intervention

172/575 (29.9%)

cath, catheterisation; NZDep13, New Zealand Deprivation Index 
2013; PCI, percutaneous coronary intervention; STEMI, ST-
segment elevation myocardial infarction.

https://dx.doi.org/10.1136/openhrt-2021-001868
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Demographic differences
Māori (the indigenous population of NZ) and Pacific 
patients with a final hospital STEMI diagnosis were less 
likely to have been suspected of having a STEMI by 

paramedics compared with other ethnic groups. They 
were also more likely to have self-presented to hospital 
rather than called an ambulance. As a result, Māori and 
Pacific groups are less likely to receive timely STEMI 

Table 4  Cox regression models of 30-day mortality for patients with a final STEMI diagnosis

Variables Model A Model B Model C

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Ambulance cardiac status

 � Suspected STEMI (ref) 1 – 1 – 1 –

 � Other suspected ACS 1.22 (0.94 to 1.59) 0.14 1.11 (0.85 to 1.44) 0.45 0.85 (0.65 to 1.11) 0.22

 � ACS not suspected 4.41 (3.69 to 5.27) <0.01 3.29 (2.74 to 3.95) <0.01 1.48 (1.22 to 1.80) <0.01

 � Not attended by ambulance 1.14 (0.92 to 1.42) 0.24 1.23 (0.99 to 1.54) 0.06 0.73 (0.58 to 0.92) 0.01

Demographics

Age, per year – – 1.045 (1.039 to 1.051) <0.01 1.015 (1.008 to 1.022) <0.01

Sex – –

 � Male 0.99 (0.86 to 1.15) 0.94 1.14 (0.98 to 1.32) 0.09

 � Female (ref) 1 – 1 –

Ethnicity – – – –

 � Māori 1.09 (0.84 to 1.41) 0.53

 � Pacific 1.27 (0.92 to 1.76) 0.15

 � Indian 0.94 (0.58 to 1.53) 0.81

 � Asian 0.78 (0.48 to 1.27) 0.31

 � NZ Euro/other (ref) 1 –

NZDep13 – – – –

 � 1–2 (ref) 1 –

 � 3–4 1.09 (0.84 to 1.41) 0.51

 � 5–6 1.24 (0.97 to 1.60) 0.09

 � 7–8 1.27 (1.00 to 1.62) 0.05

 � 9–10 1.33 (1.04 to 1.70) 0.02

Modified Charlson Comorbidity Index – – – –

 � 0 (ref)

 � 1–2 1 –

 � ≥3 1.01 (0.84 to 1.21) 0.91

1.24 (1.03 to 1.49) 0.02

Coronary intervention status – – – –

 � No angiography (ref) 1 –

 � Angiography without intervention 0.25 (0.19 to 0.34) <0.01

 � Angiography with intervention 0.12 (0.10 to 0.16) <0.01

Hospital status – – – –

 � Routine 24/7 PCI primary PCI 1.13 (0.96 to 1.33) 0.13

 � Base hospital w/o 24/7 PCI (ref) 1 –

 � Rural hospital 1.04 (0.76 to 1.44) 0.8

Model A: unadjusted.
Model B: adjusted by age and sex.
Model C: adjusted for age, sex, ethnicity, NZDep quintile, non-cardiac comorbidity (0, 1–2, >2), coronary intervention status (no angiography, 
angiography without intervention, angiography with intervention), hospital status (primary PCI, non-primary PCI with catheterisation lab, 
hospital without catheterisation lab).
ACS, acute coronary syndrome; NZDep13, New Zealand Deprivation Index 2013; PCI, percutaneous coronary intervention; STEMI, ST-
segment elevation myocardial infarction.
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therapy which is critical for improving clinical outcomes. 
This may contribute to their documented poorer 
outcomes post-MI.13

Patients with STEMI admitted to routine primary 
PCI-capable hospitals were more likely identified with 
STEMI by paramedics, compared with non-routine 
PCI-capable or rural hospitals (53%, 46% and 36%, 
respectively). While this may be due to factors such as 
paramedic training and appropriate utilisation of ECGs 
at the scene, the findings are also biased by patients with 
very clear STEMI in rural hospital catchments being 
transported directly to primary PCI-capable hospitals, 
leaving more equivocal cases going to rural hospitals. 
Prior analyses have not found differences in all-cause 
mortality based on the type of initial receiving hospital 
which may be due to appropriate identification and 
bypass of high-risk patients directly to primary PCI 
centres.14

Ambulance versus self-transport
Seventy-three per cent of the patients with STEMI were 
transported to hospital by ambulance. This compares 
favourably with international data. An observational 
analysis of 37 634 patients with STEMI treated at over 
300 US hospitals found that emergency medical services 
were used for 59%–68% of patients.15–17 Nevertheless, 
in the current study, 27% of the STEMI cases were not 
attended by St John, a sizeable group without prehospital 
access to acute care and defibrillators. These patients 
will have longer time to reperfusion treatment as previ-
ously reported in the ANZACS-QI registry and from the 
REACT trial.18 19

Paramedic diagnostic accuracy and implications
Prehospital clinical impression of STEMI was confirmed 
in 57% of cases. Prior studies have reported higher diag-
nostic accuracies for STEMI. One study of 354 patients 
had suspected ACS assessed by their mobile emergency 
care unit (ambulance with two emergency medical staff) 
at 87.5% of preliminary STEMI diagnoses confirmed.20 
Another Danish study similarly reported accuracy of 
89%.21 A third study assessed 103 paramedics’ responses 
to five different settings of chest pain and ECGs, finding 
93% sensitivity and 85% specificity for paramedic diag-
nosis of STEMI.22 In contrast, another cohort study 
using paramedics’ surveys reported a lower sensitivity 
75% and specificity 53% for STEMI detection, including 
96% correct for inferior STEMI but only 51% correct for 
lateral STEMI, and no correlation between paramedic 
training, experience and accuracy.22

Outcomes
Patients with STEMI who were transferred by ambulance 
but not initially suspected of an ACS had over three times 
the mortality risk of those initially identified by para-
medics as STEMI. The adverse outcomes are in part due 
to covariates including age and comorbidities; and after 
adjustment, the excess hazard was markedly reduced to 
just 1.5 times excess risk. Some of this residual excess 
risk may be related to unmeasured and therefore unad-
justed comorbidity. In particular, the national datasets do 
not have information about clinical acuity at the time of 
presentation, and it is possible that some patients with 
STEMI without a clear STEMI diagnosis may be more 
unwell. We are unable to determine, in this observational 

Figure 1  Unadjusted all-cause mortality for patients with STEMI* according to method of patient transport and initial 
ambulance paramedic clinical impression. *For patients with more than one STEMI presentation, only the first presentation was 
used in the outcomes analysis. ACS, acute coronary syndrome; STEMI. ST-segment elevation myocardial infarction.
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study, whether some of the remaining excess risk is due 
to the delay in appropriate monitoring and treatment for 
these patients. It is also possible that patients who call an 
ambulance may be sicker than those who self-present. 
This is supported by the finding that after adjustment, 
self-presenters had better outcomes than ambulance-
transferred patients.

Clinical implications
Increasing both the proportion transferred by ambulance 
and improving identification of at-risk patients by para-
medics may improve prehospital STEMI identification. 
This may facilitate earlier reperfusion therapy whether 
primary PCI or fibrinolysis. Consistent and increased 
utilisation of prehospital ECGs may help identify at-risk 
patients earlier. Ongoing training of paramedics on ECG 
interpretation and recognition of ACS-related symptoms 
is needed. The relatively low positive predictive value of 
57% of the ambulance clinical impression of STEMI is 
of concern, and needs to be addressed as prehospital 
fibrinolysis programmes are rolled out, to avoid patient 
harm related to unnecessary fibrinolysis. Strategies to 
increase public awareness of ACS could include media 
campaigns, advanced cardiac life support community 
courses and school programmes, with goals of shortening 
the time to calling an ambulance and enhancing ambu-
lance utilisation. The data linkage methodology used for 
this study will allow routine audit and ongoing quality 
improvement initiatives.

Limitations
Patients who died prehospital were not included in 
this study as final diagnosis data depended on hospital 
admission. Some St John records in the initial dataset 
did not have NHIs so could not be included in this 
study. Records with missing NHIs were predominantly 
for patients not transported to hospital (personal 
communication, Bridget Dicker). Some patients may 
have developed STEMI in hospital therefore could not 
have been identified by St John. However, using addi-
tional data available for nearly 80% of the patients with 
STEMI, we could estimate how many would have had a 
delayed diagnosis due to the ECG findings developing 
after admission. Exclusion of those patients would have 
increased the sensitivity of the St John clinical impres-
sion from 51% to 53%. Although the available data did 
not record the exact proportion of patients who did not 
receive a prehospital ECG but prior audit from St John 
Ambulance has shown 99% of suspected cardiac cases 
had a 12-lead ECG (personal communication, Bridget 
Dicker). Our study results were based on real-world 
national experience of suspected STEMI management 
in NZ, with our own unique patient population and 
healthcare systems, therefore findings are not neces-
sarily generalisable to other countries and healthcare 
systems.

CONCLUSION
This large national data linkage study found over 6 out 
of 10 patients with STEMI potentially missed out on 
early reperfusion due to self-presentation to hospital or 
not being identified by paramedics as having a STEMI. 
Patients with STEMI transported by ambulance but not 
initially suspected of having an ACS had worse prognosis, 
in part explained by differences in baseline demographic 
and clinical factors.
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