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Outcomes a� er ST-elevation 
myocardial infarction 

presentation to hospitals 
with or without a routine 

primary percutaneous 
coronary intervention 

service (ANZACS-QI 46)
Simon Lee, Rory Miller, Mildred Lee, Harvey White, Andrew J Kerr

When a patient presents with an 
ST-elevation myocardial infarction 
(STEMI), acute reperfusion ther-

apy by either acute percutaneous coronary 
intervention (primary PCI) or fi brinolysis 
improves outcomes.1,2 When it can be per-
formed in a timely fashion primary PCI is the 
preferred approach;3 however, in all other 
cases current guidelines from the Europe-
an Society of Cardiology and the American 
Heart Association advocate that fi brinolysis 

followed by early PCI is the recommended 
strategy for STEMI patients with symp-
tom onset less than 12 hours who cannot 
be transferred to undergo PCI within 120 
minutes.3,4 This recommendation is refl ected 
in local guidelines from the New Zealand 
Branch of the Cardiac Society of Australia 
and New Zealand (CSANZ)5 and the National 
Out-of-Hospital STEMI Pathway co-devel-
oped by the National Cardiac Network and 
New Zealand ambulance services.6 The 

ABSTRACT
AIM: Primary percutaneous coronary intervention (PCI) is the optimal reperfusion strategy to manage 
ST-elevation myocardial infarction (STEMI). Where timely primary PCI cannot be achieved, an initial 
pharmacological reperfusion strategy is recommended with subsequent transfer to a PCI-capable hospital. 
The study aim was to assess STEMI outcomes according to the interventional capability of the New Zealand 
hospital to which patients initially present. 

METHODS: Nine thousand four hundred and eighty-eight New Zealand patients, aged 20–79 years, 
admitted with STEMI to a public hospital were identified. Patients were categorised into three groups —
metropolitan hospitals with all-hours access to primary PCI (routine primary PCI cohort), metropolitan 
hospitals without routine access to PCI, and rural hospitals. The primary outcome was all-cause mortality. 
Secondary outcomes were major adverse cardiac events (MACE) and major bleeding. 

RESULTS: Invasive coronary angiography was more frequent in the routine primary PCI cohort compared to 
metropolitan hospitals without routine access to PCI and rural hospitals (90.6 vs 83.0 vs 85.0% respectively; 
p<0.001) and occurred more commonly on the day of admission (78.9 vs 28.7 vs 25.7% respectively; 
p<0.001). There were no di� erences in multivariable adjusted all-cause mortality, MACE or major bleeding 
between patients admitted to any of the hospital groupings. 

CONCLUSION: Outcomes a� er STEMI in New Zealand are similar regardless of the interventional capability 
of the hospital where they first present. 
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CSANZ guidelines further note that all STEMI 
patients with successful reperfusion via fi bri-
nolysis should be transferred to a PCI-capa-
ble hospital for rescue PCI if appropriate, or 
invasive coronary angiography ±PCI within 
3–24 hours after fi brinolytic therapy. 

There are 47 public hospitals that receive 
STEMI patients in New Zealand, but only 
nine of these have round-the-clock access 
to interventional cardiac catheterisation 
laboratories allowing participation in a 
routine primary PCI service.7 When acute 
reperfusion is considered, each of the 38 
remaining hospitals and their ambulance 
service, without local access to primary PCI, 
must decide whether to pursue a reper-
fusion strategy of primary PCI (via transfer 
to a PCI capable hospital without fi brino-
lysis), or an approach of fi brinolysis by 
pre-hospital providers or the in-hospital 
team, followed by a transfer to a PCI-ca-
pable hospital for further defi nitive PCI.8

This is often termed the ‘pharmaco-invasive’ 
strategy.9,10 These 38 remaining hospitals 
can be grouped according to their level of 
service provision into metropolitan hospitals 
without routine PCI, and rural hospitals. 
While two of the metropolitan hospitals, 
Tauranga and Nelson, without routine PCI 
have a “mixed” service with limited primary 
PCI availability on certain times and days 
of the week only, the others have no on-site 
interventional service. The hospitals without 
local PCI capability predominantly serve 
regional or rural communities.11 Rural 
hospitals specifi cally differ from the metro-
politan hospitals with or without routine 
access to PCI, in that they are predominately 
staffed by generalist doctors and nurses 
without any local specialist support12–14

and have limited access to both basic 
and advanced diagnostic tests as well as 
resources such as acute cardiac care unit 
facilities.15 The potential for both variation 
in clinical practice and varying thresholds 
for angiography referral, together with 
the greater delays to invasive coronary 
angiography in patients requiring transfer 
for angiography might adversely affect 
outcomes following STEMI in these patients.

The aim of this observational cohort study 
was to assess the outcomes for patients 
with STEMI according to whether they fi rst 
present to a metropolitan hospital with 

a routine all-hours primary PCI service, 
a metropolitan hospital without routine 
primary PCI, or to a rural hospital. 

Methods
Patient cohorts and data collection

The All New Zealand Acute Coronary 
Syndrome Quality Improvement 
(ANZACS-QI) programme is a clinician-led 
initiative which aims to advocate for 
appropriate management of acute coronary 
syndrome (ACS) patients and to close the 
gap between evidence-based treatment 
and daily clinical practice.16 Data sources 
for the ANZACS-QI programme include 
the ANZACS-QI registry which collects 
an in-depth dataset on the limited subset 
of ACS patients who have a coronary 
angiogram (approximately 60% of all ACS 
patients nationwide), and the National 
administrative datasets which collects 
limited data for all hospitalisations for ACS 
and its sub-types recorded using the Inter-
national Statistical Classifi cation of Diseases 
and Related Health Problem (ICD10) coding 
as well as coronary procedure codes. A prin-
ciple strength of the National datasets are 
that they collect standardised demographic 
and clinical data for all New Zealand resi-
dents who are admitted to public hospitals.16

To report the burden of non-cardiac 
comorbidity, we modifi ed the Charlson 
comorbidity index17 by excluding congestive 
heart failure. Data from the ANZACS-QI 
registry has been used to validate the 
accuracy of the National administrative 
dataset ACS sub-types (STEMI, NSTEMI, UA) 
and procedure codes.18From the National 
datasets, we identifi ed all confi rmed STEMI 
cases in New Zealand resident patients 
between 20–79 years of age who presented 
to a New Zealand public hospital between 
November 2011–November 2016. Both 
primary and secondary STEMI diagnostic 
codes were used. For this analysis we used 
only the fi rst admission with a STEMI 
during the time period. This search method 
was validated against the ANZACS-QI 
registry to ensure accuracy.18 Post-STEMI 
mortality, hospitalisation and medication 
dispensing data were individually linked 
from mortality and pharmaceutical collec-
tions.19 Secondary prevention medications 
dispensed within three months of hospital 
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discharge are reported. Appendix Table 1 
shows the types of data collected in these 
respective databases. 

Patients who present with STEMI can 
be rapidly transferred between hospitals 
to undergo appropriate management. 
We thus applied a previously validated 
process to “bundle” ACS hospitalisations to 
ensure a temporally continuous admission 
under a single index admission episode of 
care.20 Patients were divided depending on 
the local STEMI services provided by the 
hospital that fi rst received the patient. 

Patients 80 years and older were excluded. 
They are a heterogenous group that 
contribute to a minority of cases (6.1–6.5%), 
often have comorbidity requiring more indi-
vidualised treatment decisions, and have 
disproportionately high rates of mortality 
(19.8–75%).21–25

Hospital cohorts
Hospitals were divided into three different 

cohorts with differing STEMI management 
policies. They were—metropolitan hospitals 
with routine all-hours access to primary 
PCI service for STEMI (“routine primary 
PCI” cohort), metropolitan hospitals that do 
not provide a routine primary PCI service 
(“metropolitan without routine PCI” cohort) 
and mostly provide a pharmaco-invasive 
strategy (two of these hospitals, Tauranga 
and Nelson, provide primary PCI at certain 
times and days of the week) and rural 
hospitals that also predominately pursue a 
pharmaco-invasive strategy. These hospital 
groupings are supported by ANZACS-QI 
registry data over a similar time period 
that confi rms the dominant management 
strategies for each cohort (Appendix Table 
2). A list of New Zealand hospitals with and 
without access to routine all-hours primary 
PCI services are listed in Appendix Table 3.

STEMI management pathways
Patients were managed according to 

prevailing guidelines.5,6 Patients who 
presented with STEMI who were clini-
cally eligible for acute reperfusion therapy 
received either primary PCI or fi brinolysis. 
Those with a delayed presentation of greater 
than 12 hours of symptoms, or in whom 
acute reperfusion was considered clinically 
inappropriate due to comorbidities received 
medical therapy only. Those undergoing 
primary PCI received a loading dose of 

anti-platelet medications and proceeded to 
the cardiac catheterisation laboratory for 
invasive coronary angiography and PCI. 
Patients undergoing the pharmaco-invasive 
approach typically received a loading dose 
of aspirin or another anti-platelet agent and 
received pharmacological fi brinolysis with 
bolus intravenous tenecteplase. Patients 
were then routinely transferred to another 
hospital with PCI capabilities in order to 
receive an early invasive coronary angiog-
raphy and PCI if appropriate. Patients who 
underwent fi brinolysis which resulted in 
less than 50% resolution of the elevated ST 
segment at 60 minutes after fi brinolysis, 
or recurrence of ST elevation, or ongoing 
ischemic symptoms, or continuing haemo-
dynamic instability were defi ned as failed 
fi brinolysis and were urgently transferred 
for rescue PCI. 

Clinical end points and definitions
Outcomes were available from hospital 

admission to the end of 2017, to ensure each 
patient had a minimum possible follow-up 
of one year. The primary outcome measured 
was all-cause mortality. The two secondary 
outcomes were 1) a composite of all major 
adverse cardiac events (MACE), comprising 
of a composite of all-cause mortality, 
myocardial re-infarction, ischaemic or haem-
orrhagic stroke and new heart failure, and 2) 
the rate of fatal and non-fatal major bleeding. 

Re-infarction, ischaemic stroke, hemor-
rhagic stroke and heart failure were defi ned 
by their respective ICD-10 defi nitions. Fatal 
and non-fatal major bleeding were defi ned 
by the ICD-10 code for “fatal bleeding”, 
a primary ICD-10 code for bleeding or 
a secondary ICD-10 code for bleeding 
requiring transfusion.

Statistical analysis
Categorical variables were summarised 

as frequency and percentage. Pearson’s 
chi-square test was used to compare different 
types of hospitals. Continuous variables were 
presented as mean and standard deviation 
(SD) and/or median with interquartile range 
(IQR), and the comparisons between types 
of hospitals were done using nonparametric 
Mann-Whitney U test as the continuous data 
was not normally distributed. 

Cox proportional hazard regression models 
were constructed to estimate the hazard 
ratios and 95% confi dence interval for the 
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outcomes after ensuring that the assumption 
of proportional hazards was met.

All P-values reported were two tailed and 
a P-value <0.05 was considered signifi cant. 
Data were analysed using SAS statistical 
package, version 9.4 (SAS Institute, Cary, 
NIC). Outcomes were displayed using 
Kaplan-Meier survival curves using R Studio.

Ethics approval
ANZACS-QI is part of the wider Vascular 

Informatics Using Epidemiology and the Web 
(VIEW) study. The VIEW study was approved 
by the Northern Region Ethics Committee 
in 2003 (AKY/03/12/314), with subsequent 
amendments to include the ANZACS-QI 
registries, and with annual approvals by the 
National Multi-region Ethics Committee since 
2007 (MEC07/19/EXP). 

Results
We identifi ed 13,265 records from patients 

that presented with a STEMI to a New 
Zealand hospital between 1 November 2011 
to 30 November 2016. Of these, 201 records 
were non-New Zealand residents, 39 had 
missing socioeconomic data and 2,955 were 
outside the stated age bracket of 20–79 
years old. Five hundred and eighty-two 
records were for patients identifi ed to have 
presented with a repeated STEMI episode 
during the study period. Thus, a total of  9,488 
eligible patients participated in the study. 

Six thousand one hundred and seven-
ty-nine participants fi rst presented to a 
metropolitan hospital providing a routine 
all-hours primary PCI service (routine 
primary PCI cohort), 2,801 participants fi rst 
presented to a metropolitan hospital that 
does not provide a routine primary PCI 
service (metropolitan without routine PCI 
cohort) and 508 participants fi rst presented 
to a rural hospital that does not provide a 
routine primary PCI service (rural hospital 
cohort). 

Baseline characteristics (Table 1)
Patients presenting to the metropolitan 

without routine PCI and rural hospital 
cohort were older, more likely to be female 
and of Māori ethnicity than patients 
presenting to a routine primary PCI hospital. 

The hospitals without access to a routine 
primary PCI service received a larger 
proportion of patients who lived in socio-
economically deprived areas. 32.0% of 

patients in the metropolitan without routine 
PCI cohort and 28.4% patients in the rural 
hospital cohort were from the most deprived 
quintile (NZ Dep13, 9–10) compared to 
22.8% of patients in the routine primary 
PCI cohort. The reciprocal was also true 
where a larger proportion of patients from 
the most affl  uent quintile (NZDep13, 1–2) 
were initially seen in hospitals of the routine 
primary PCI cohort. 

Prior cardiovascular disease, myocardial 
infarction, congestive heart failure, PCI and 
the modifi ed non-cardiac Charlson comor-
bidity score17 were comparable among the 
three hospital cohorts. The prevalence of 
prior CABG was slightly higher within the 
metropolitan without routine PCI cohort 
(p=0.045).

Coronary procedures and timing 
(Table 2)

Eight thousand three hundred and 
fi fty-two (88%) of the 9,488 study partic-
ipants proceeded for invasive coronary 
angiography. More patients in the routine 
primary PCI hospital cohort had angi-
ography during their admission (90.6%) 
compared to the metropolitan hospital 
without routine PCI cohort (83.0%), and 
rural hospital cohort (85.0%) (p<0.001). Of 
those that proceeded for invasive coronary 
angiography during the index admission, 
91.6% of patients in the routine primary PCI 
cohort received PCI or CABG surgery during 
their index admission compared to 80.0% 
of patients in the metropolitan hospital 
without routine PCI cohort, and 79.6% in the 
rural hospital cohort (p<0.001). 

Of those undergoing angiography, more 
patients presenting to a routine primary PCI 
hospital (78.9%) received invasive coronary 
angiography within the fi rst 24 hours of 
presentation than those to a metropolitan 
hospital without routine PCI (28.7%), or a 
rural hospital (25.7%) (p<0.001). Only 13.2% 
of patients presenting to a routine primary 
PCI hospital had angiography 24–72 hours 
after presentation compared to 42.0% of 
those presenting to a metropolitan without 
routine PCI hospital, and 46.3% of those 
to a rural hospital. 7.9% of patients in the 
routine PCI hospital cohort had invasive 
coronary angiography beyond 72 hours after 
presentation compared to 29.3% and 28.0% 
of the metropolitan without routine PCI, and 
rural hospital cohorts. 
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Table 1: Baseline patient characteristics.  

Total
(N=9,488)
(% of total)

Routine 
primary PCI
(n=6,179)
(% of group)

Metropolitan 
without routine 
PCI (n=2,801)
(% of group)

Rural hospital
(n=508)
(% of group)

P-value

Age group, years
<40
40–<50
50–<60
60–<70
70–<80

270 (2.9)
1,130 (11.9)
2,492 (26.3)
2,976 (31.4)
2,620 (27.6)

203 (3.3)
786 (12.7)
1,679 (27.2)
1,929 (31.2)
1,582 (25.6)

59 (2.1)
291 (10.4)
694 (24.8)
889 (31.7)
868 (31.0)

8 (1.6)
53 (10.4)
119 (23.4)
158 (31.1)
170 (33.5)

<.001

Age, years
Mean (SD)
Median (IQR)

61.5 (10.9)
63 (54–70)

60.9 (11.0)
62 (53–70)

62.6 (10.7)
64 (55–71)

63.2 (10.6)
64 (55.5–72)

<.001

Sex 
Male
Female

6,898 (72.7)
2,590 (27.3)

4,611 (74.6)
1,568 (25.4)

1,930 (68.9)
871 (31.1)

357 (70.3)
151 (29.7)

<.001

Ethnicity
Māori
Pacific
Indian
Asian
European
Other/unknown

1,198 (12.6)
467 (4.9)
416 (4.4)
237 (2.5)
7,061 (74.4)
109 (1.1)

655 (10.6)
425 (6.9)
392 (6.3)
216 (3.5)
4,400 (71.2)
91 (1.5)

480 (17.1)
38 (1.4)
20 (0.7)
18 (0.6)
2,235 (79.8)
10 (0.4)

63 (12.4)
4 (0.8)
4 (0.8)
3 (0.6)
426 (83.9)
8 (1.6)

<.001

NZ Dep13*
1–2
3–4
5–6
7–8
9–10

1,477 (15.6)
1,579 (16.6)
1,796 (18.9)
2,188 (23.1)
2,448 (25.8)

1,185 (19.2)
1,058 (17.1)
1,176 (19.0)
1,352 (21.9)
1,408 (22.8)

253 (9.0)
446 (15.9)
513 (18.3)
693 (24.7)
896 (32.0)

39 (7.7)
75 (14.8)
107 (21.1)
143 (28.2)
144 (28.4)

<.001

Coexisting conditions

Prior CVD 1,992 (21.0) 1,262 (20.4) 625 (22.3) 105 (20.7) 0.124

Prior MI 1,076 (11.3) 683 (11.1) 336 (12.0) 57 (11.2) 0.426

Prior CHF or use of loop diuretics in the previous six 
months 

687 (7.2) 434 (7.0) 212 (7.6) 41 (8.1) 0.496

Modified non-cardiac Charlson score
0
1–2
3+

7,895 (83.2)
1,217 (12.8)
376 (4.0)

5,153 (83.4)
774 (12.5)
252 (4.1)

2,328 (83.1)
374 (13.4)
99 (3.5)

414 (81.5)
69 (13.6)
25 (4.9)

0.385

Previous cardiac procedure

Prior CABG 35 (0.4) 17 (0.3) 17 (0.6) 1 (0.2) 0.045

Prior PCI 263 (2.8) 161 (2.6) 93 (3.3) 9 (1.8) 0.060

SD = standard deviation; IQR = inter-quartile range; NZ Dep 13 = New Zealand Index of Deprivation 2013 (* = higher score = more deprived); CVD = 
cardiovascular disease; MI = myocardial infarction; CHF = congestive heart failure; CABG = coronary artery bypass surgery; PCI = percutaneous coronary 
intervention. 
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Table 2: Angiography, percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) time intervals and rates of 
medical therapy. 

Total
(N=9,488)
(% of total)

Routine primary 
PCI 
(n=6,179)
(% of group)

Metropolitan 
without routine 
PCI (n=2,801)
(% of group)

Rural hospital
(n=508)
(% of group)

P-value

Angiogram during index admission 8,352 (88.0) 5,595 (90.6) 2,325 (83.0) 432 (85.0) <.001

PCI during index admission 6,780 (71.5) 4,807 (77.8) 1,667 (59.5) 306 (60.2) <.001

CABG during index admission 551 (5.8) 320 (5.2) 193 (6.9) 38 (7.5) 0.002

Secondary prevention medication post 
discharge
Aspirin
P2Y12 inhibitor 
DAPT
Statin
ACEi/ARB
Beta-blocker
Spironolactone

n=8,775

8,252 (94.0)
7,250 (82.6)
7,029 (80.1)
8,231 (93.8)
7,086 (80.8)
7,805 (89.0)
596 (6.8)

n=5,708

5,403 (94.7)
4,772 (83.6)
4,632 (81.1)
5,363 (94.0)
4,680 (82.0)
5,059 (88.6)
382 (6.7)

n=2,595

2,404 (92.6)
2,110 (81.3)
2,036 (78.5)
2,432 (93.7)
2,047 (78.9)
2,325 (89.6)
175 (6.7)

n=472

445 (94.3)
368 (78.0)
361 (76.5)
436 (92.4)
359 (76.1)
421 (89.2)
39 (8.3)

0.002
0.001
0.002
0.383
<0.001
0.423
0.425

Hemorrhagic stroke during index 
admission

37 (0.39) 14 (0.23) 21 (0.75) 2 (0.39) 0.001

Subgroup analysis of those who under-
went coronary angiogram

Total
(N=8,352)
(% of total)

(n=5,595)
(% of group)

(n=2,325)
(% of group)

(n=432)
(% of group)

Admission to angiogram (days)
0
1–2
3+

5,190 (62.1)
1,913 (22.9)
1,249 (15.0)

4,413 (78.9)
737 (13.2)
445 (7.9)

666 (28.7)
976 (42.0)
683 (29.3)

111 (25.7)
200 (46.3)
121 (28.0)

<.001

Subgroup analysis of those who under-
went inpatient PCI

Total
(N=6,780)
(% of total)

(n=4,807)
(% of group)

(n=1,667)
(% of group)

(n=306)
(% of group)

Admission to PCI (days)
0
1–2
3+

4,604 (67.9)
1,336 (19.7)
840 (12.4)

3,983 (82.9)
532 (11.1)
292 (6.1)

528 (31.7)
667 (40.0)
472 (28.3)

93 (30.4)
137 (44.8)
76 (24.8)

<.001

Subgroup analysis of those who under-
went inpatient CABG

Total
(N=551)
(% of total)

(n=320)
(% of group)

(n=193)
(% of group)

(n=38)
(% of group)

Admission to CABG (days)
0
1–2
3+

23 (4.2)
56 (10.2)
472 (85.7)

21 (6.6)
44 (13.8)
255 (79.7)

2 (1.0)
9 (4.7)
182 (94.3)

0 (0)
3 (7.9)
35 (92.1)

<.001

PCI = percutaneous coronary intervention; CABG = coronary artery bypass surgery; P2Y12 inhibitor = P2Y12 receptor blocker (clopidogrel, ticagrelor, 
prasugrel); DAPT= dual antiplatelet therapy; ACEi = angiotensin-converting-enzyme inhibitors, ARB = angiotensin II receptor blockers. 
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Secondary prevention medications 
dispensed post-discharge (Table 2)

The dispensing of secondary prevention 
medications was high across groups but 
with a slightly lower use of anti-platelet 
agents and ACEI/ARBs in the non-routine 
primary PCI groups. 

Outcomes (Figures 1,2 and Table 3)
The average follow-up duration for 

all-cause mortality, was 3.03 years. The 
all-cause mortality, MACE and major 
bleeding outcomes are shown using Kaplan 
Maier survival plots in Figures 1 and 2. The 
Kaplan-Maier mortality at one and three 
years was 11.7% and 16.6% for patients 
presenting to the metropolitan with routine 
PCI cohort, 12.2% and 16.2% for metro-
politan hospitals without routine PCI and 
12.6% and 18.7% for rural hospitals.

The Kaplan-Maier MACE at one and three 
years was 22.0% and 30.1% for patients 
presenting to the metropolitan with routine 
PCI cohort, 24.4% and 31.9% for metro-
politan hospitals without routine PCI and 
21.5% and 31.0% for rural hospitals.

The Kaplan-Maier major bleeding at one 
and three years was 6.9% and 8.6% for 
patients presenting to the metropolitan with 
routine PCI cohort, 7.5% and 9.1% for metro-
politan hospitals without routine PCI and 
5.5% and 7.1% for rural hospitals.

After adjusting for age, sex, ethnicity, 
deprivation score, modifi ed Charlson score 
and prior CVD, there were no differences in 
outcomes for patients admitted to each of 
the three hospital groups (Table 3). 

Discussion
This nationwide, real-world study 

describes the interventional management 
and outcomes for all hospitalised STEMI 
patients in New Zealand according to the 
interventional capability of the hospitals 
to which they were fi rst admitted. Patients 
presenting fi rst to a routine primary PCI 
capable hospital, as opposed to a metro-
politan without routine PCI, or a rural 
hospital, received slightly higher overall 
rates of coronary angiography and revascu-
larisation and received these more quickly. 
Of those treated with PCI who presented 

Figure 1: All-cause mortality.
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Figure 2: A) All-cause mortality/non-fatal MI/HF/stroke (MACE); B) fatal/non-fatal bleeding. 
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Table 3: Outcomes. 

All-cause mortality

# events/N HR (95% CI) P-value

Unadjusted
Routine primary PCI
Metropolitan without routine PCI
Rural hospital

1,084/6,179
514/2,801
103/508

Reference
1.05 (0.95–1.17)
1.16 (0.95–1.42)

-
0.366
0.157

Adjusted 
Routine primary PCI
Metropolitan without routine PCI
Rural hospital

Reference
0.96 (0.86–1.06)
0.99 (0.81–1.21)

-
0.403
0.903

 All-cause mortality/non-fatal MI/HF/stroke

# events/N HR (95% CI) P-value

Unadjusted
Routine primary PCI
Metropolitan without routine PCI
Rural hospital

1,942/6,179
951/2,801
169/508

Reference
1.10 (1.02–1.19)
1.05 (0.89–1.22)

-
0.015
0.583

Adjusted 
Routine primary PCI
Metropolitan without routine PCI
Rural hospital

Reference
1.01 (0.93–1.10)
0.92 (0.79–1.08)

-
0.786
0.308

Fatal/non-fatal bleeding

# events/N HR (95% CI) P-value

Unadjusted
Routine primary PCI
Metropolitan without routine PCI
Rural hospital

561/6,179
266/2,801
38/508

Reference
1.05 (0.91–1.21)
0.81 (0.58–1.13)

-
0.517
0.208

Adjusted 
Routine primary PCI
Metropolitan without routine PCI
Rural hospital

Reference
1.01 (0.86–1.17)
0.77 (0.55–1.07)

-
0.943
0.123

Adjusted by age (continuous), sex, ethnicity, NZDep13, Modified Charlson non-cardiac comorbidities, prior CVD.
# events = number of events; CI = confidence interval; PCI = percutaneous coronary intervention; MI = myocardial 
infarction; HF = congestive heart failure.

fi rst to a routine primary PCI capable 
hospital, nearly four in fi ve received PCI on 
the day of admission, compared to a quarter 
of those presenting to other hospitals. 
Despite the differences in management, 
all clinical outcomes over a mean of three 
years follow-up did not differ between 
patients presenting to each of the three 
hospital groupings. 

E� icacy of reperfusion strategies
This fi nding is congruent with previous 

literature examining different STEMI 
management strategies. Patients who are 
reperfusion candidates presenting with 
STEMI to New Zealand hospitals providing 
all-hours routine primary PCI services 
proceed for invasive coronary angiography 
with an aim for performing primary PCI. 
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Reperfusion candidates presenting with 
STEMI to hospitals without local PCI facil-
ities are transferred to receive primary PCI 
where possible. However, in most cases 
a transfer cannot be completed within an 
appropriate time period (120 minutes) and 
patients then are administered fi brino-
lytic therapy as the immediate reperfusion 
strategy prior to transfer to a hospital with 
PCI facilities for invasive coronary angi-
ography ± PCI. This strategy is commonly 
called the pharmaco-invasive approach.9,10

Over the preceding decades, it has been 
established that primary PCI delivers 
superior outcomes compared to pharmaco-
logical fi brinolysis monotherapy.26 However, 
despite the delay in accessing PCI inherent 
within the pharmaco-invasive approach, 
there is similar effi  cacy to primary PCI. In a 
registry study from the Mayo Clinic STEMI 
network comparing the rates of all-cause 
mortality between patients undergoing 
the pharmaco-invasive approach versus 
primary PCI, showed that the rates of 
early and late mortality were comparable 
between the two strategies.27 In a study from 
the University of Ottawa Heart institute 
regional STEMI system which employs a 
policy of primary PCI for patients presenting 
within a 90km radius of the PCI centre and 
a pharmaco-invasive strategy for those 
outside this limit28 displayed the rates of 
mortality, stroke or reinfarction were no 
different between the two strategies. The 
landmark Strategic Reperfusion Early After 
Myocardial Infarction (STREAM) trial29

assigned STEMI patients to undergo primary 
PCI versus fi brinolysis with transfer to a PCI 
capable hospital for a coronary angiography 
within 6–24 hours. The rate of the 30-day 
primary endpoint, a composite of death, 
shock, CHF and reinfarction, was similar 
among both groups. Other studies have 
noted similar fi ndings.30–33 Lastly, a meta-
analysis consisting of studies up to 2017 34

have concluded there is no difference in 
short-term and long-term mortality between 
the two reperfusion strategies as long as 
symptom onset to device time in primary 
PCI did not exceed 200 minutes. 

Timing of angiography
A prominent fi nding in our results is the 

delay in proceeding for angiography for 
patients presenting to rural and metro-
politan hospitals with no routine PCI 

available. 28.7% of metropolitan hospitals 
without PCI, and 25.7% of the rural hospital 
cohort were able to access invasive angiog-
raphy within 24 hours. This contrasts with 
78.9% of patients who presented to hospitals 
providing routine primary PCI proceeding to 
invasive angiography within 24 hours.

The New Zealand Cardiac Clinical Network 
and the Ministry of Health recommend 
a “three-day door-to-catheter target” for 
all acute coronary syndrome (including 
unstable angina, NSTEMI and STEMI) admis-
sions.35 The Cardiac Society of Australia 
and New Zealand recommends all STEMI 
patients with successful reperfusion via 
fi brinolysis should be transferred to a PCI 
capable hospital for cardiac catherisation 
within 24 hours after fi brinolytic therapy.5

While our study was unable to determine 
when the transfer to a PCI centre took place, 
it showed that only one-quarter of patients 
who present to a rural or metropolitan 
hospital with no routine primary PCI had 
angiography within this 24-hour window. 
This fi nding is similar to a nationwide 
audit in 2012 that showed 22% of patients 
presenting with STEMI to non-interventional 
hospitals received routine angiography 
within 24 hours.20 Nearly one-third of 
patients who present to a rural or metro-
politan hospital with no routine primary PCI 
were awaiting cardiac catheterisation more 
than 72 hours post-STEMI. 

Delays in in receiving angiography 
primarily refl ect shortfalls in processes to 
ensure early transfer of patients to an inter-
ventional hospital together with appropriate 
prioritisation on arrival. This has previ-
ously been noted in a New Zealand study 
which reported that patients are more likely 
to wait longer for cardiac catherisation in 
districts without interventional facilities 
after ACS.35 New Zealand has a small and 
geographically dispersed population with 
smaller regional and rural centres. These 
hospitals do not have the concentration of 
healthcare resources and specialist care as 
seen in hospitals with a routine primary 
PCI service. Instead, metropolitan hospitals 
without routine primary PCI and rural 
hospitals are more likely to be served by 
general physicians in metropolitan hospitals 
or generalist rural hospital doctors in rural 
hospitals13 leading to a range of inter-phy-
sician differences in the threshold for 
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referrals, delays in transfer and proceeding 
for cardiac catherisation. Reduced rates 
of investigations (eg, ETT, CT scans) for 
geographically isolated areas has been 
demonstrated previously in New Zealand.36,37

The optimal management of STEMI involves 
prompt inter-disciplinary and inter-regional 
co-operation and co-ordination among 
frontline ambulance staff, helicopter crews, 
STEMI co-ordinators, rural nurses, general 
practitioners, general and emergency 
physicians, cardiac catherisation laboratory 
staff and interventional cardiologists. Any 
misaligned communication or expecta-
tions within this chain of care results in 
prolonged times from fi rst medical contact 
to crossing of the coronary occlusion or 
stenosis with a wire. It has been recognised 
that it is essential to implement standardised 
pathways for management to reduce uncer-
tainty and inequality nationwide. This has 
resulted in the New Zealand out-of-hospital 
STEMI pathway in 2016.6

Di� erences in rates of angiography 
and revascularisation

There were lower rates of invasive 
coronary angiography in patients presenting 
to hospitals without routine primary PCI 
services. Patients in these cohorts were 
slightly less likely to receive invasive 
coronary angiography during their 
admission, with 83–85% proceeding for 
cardiac catheterisation compared to 90.6% 
of patients presenting to hospitals providing 
a routine all-hours primary PCI service. This 
may be contributed by the different baseline 
characteristics of the three cohorts, in 
particular the older age of the non-routine 
PCI hospital cohorts. Among patients who 
did have a diagnostic angiogram, the gap for 
revascularisation was even greater; 91.6% 
of these patients in the routine primary 
PCI group received revascularisation by 
either PCI or CABG during their index 
admission compared to 80.0% of patients 
in the metropolitan hospitals without 
routine PCI cohort and 79.6% in the rural 
hospital groups. This is likely in part due to 
a higher rate of non-obstructive coronary 
artery disease in those already treated with 
fi brinolytic therapy, which may have lysed 
the thrombus who therefore do not need 
revascularisation.38

Rural-urban di� erences
Although we have primarily created 

hospital cohorts based on STEMI 
management capabilities, these groups also 
represent a rural-urban divide. Hospitals 
providing routine primary PCI are located 
within the largest metropolitan centres, 
whereas hospitals of the non-routine PCI 
cohorts are in regional urban areas and 
rural communities. We previously reported 
that ≥80% of patients with STEMI who 
lived in predominantly rural district health 
boards (DHBs) received pharmaco-in-
vasive therapy.39 Patients who presented 
to metropolitan hospitals without routine 
PCI and rural hospitals were more likely 
to be older, female, from a more deprived 
socioeconomic quintile and of Māori or 
European ethnicity. After adjustment, there 
were no signifi cant differences in outcomes 
between patients initially presenting to a 
rural compared with a routine primary PCI 
hospital. This is congruent with previous 
Australian40 and Chinese studies41 which 
found that there was no difference in 
mortality post STEMI between metro-
politan and rural regions. This study shows 
that great progress has been made in New 
Zealand over the last two decades with a 
closing of the gap, especially for mortality, 
in outcomes and access to intervention 
between hospitals with PCI and those with-
out.42It is a concern that patients presenting 
to non-primary PCI hospitals tended to 
have greater levels of socioeconomic depri-
vation. Delays in angiography associated 
with location of care and socioeconomic 
status have been demonstrated previously 
in a study in the US.43 Most other studies 
have examined the broader topic of acute 
coronary syndrome, with varied fi ndings. 
In Canada, patients who presented with ACS 
from non-metropolitan areas were less likely 
to receive cardiac catheterisation within one 
day and those from the lowest income area 
within non-metropolitan areas were less 
likely to have a coronary angiogram within 
seven days compared to their more affl  uent 
counterparts living in metropolitan areas.44

Also, women from poor-income neighbour-
hoods were associated with a poorer odds of 
having coronary angiography and a higher 
mortality within 30 days.45 In contrast, a 
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study in Australia found that socioeconomic 
status was not related to differences in 
having coronary angiography after ACS.46

Safety outcomes
There was no statistically signifi cant 

difference in major bleeding between 
the three cohorts. There was a small, but 
signifi cant, increase in haemorrhagic stroke 
within the metropolitan without routine 
PCI cohort (Table 2). The literature is varied 
when examining the safety aspects of the 
pharmaco-invasive strategy. Two studies28,29

demonstrated increased rates of haemor-
rhagic stroke with the pharmaco-invasive 
method. This increased safety risk was 
found to be confi ned to patients greater 
than 75 years of age in a sub-analysis of one 
study.29 This has led to the recommendation 
to use lower dose bolus fi brinolytic therapy 
in patients greater than 75 years of age. 

Limitations
We compared practice and outcomes 

according to which three types of hospital a 
patient initially presented to. Hospitals were 
categorised according to their levels of avail-
ability of primary PCI services and access to 
specialist services. Although each hospital 
has defi ned reperfusion policies, STEMI 
management is not necessarily consistent 
for each hospital within these three groups. 
ANZACS-QI data shows that 10.5–14% of 
patients who present to hospitals that do not 
provide a routine primary PCI service do 
indeed proceed for primary PCI (Appendix 
Table 2). The most prominent example 
of this are a subset of hospitals such as 
Tauranga or Nelson Hospital who offer 
primary PCI within limited hours or within 
the limits of staffi  ng availability. In some 
regions a small number of patients are 
fl own directly to a PCI capable centre for 
primary PCI and so may bypass their local 
hospital. In addition to the effect of acute 
reperfusion therapy, outcomes are also 
likely to be dependent on the other compo-
nents of the STEMI pathway management 
including pharmacological management, 
pre-hospital vs in-hospital fi brinolysis and 
the availability of appropriate and timely 
transfer to tertiary centres. These may also 
vary between hospitals within our three 

service groups. Furthermore, the national 
datasets used in this study do not reliably 
record whether patients were treated with 
acute reperfusion as primary PCI and fi bri-
nolysis are not coded. Primary PCI cases and 
those receiving fi brinolysis and subsequent 
angiography can be identifi ed using the 
separate ANZACS-QI registry16,38 but there 
is no data source which reliably identifi es 
patients treated with fi brinolysis who do not 
proceed to an angiogram. A consequence 
of this is that for hospitals without routine 
primary PCI availability we cannot reliably 
report the proportion of STEMI patients who 
do not receive acute reperfusion therapy. 
We were also unable to capture any patient 
who died without reaching a hospital or 
who died after STEMI discharge outside of 
New Zealand. 

Conclusion
Our study has demonstrated that patients 

who present with STEMI to hospitals 
without a routine primary PCI service are 
less likely to receive coronary angiography, 
wait longer for angiography and are less 
likely to receive coronary revasculari-
sation. This is likely due to the geographical 
isolation of these hospitals from PCI facil-
ities that results in the differences in STEMI 
management, however there may be other 
factors that infl uence the timing of angiog-
raphy and primary PCI. Despite differences 
in management, we did not fi nd any differ-
ences in mortality, MACE or major bleeding 
rates following STEMI between the three 
different cohorts of hospitals. This is a 
tribute to the current systems of STEMI 
care including timely pharmacological 
reperfusion, appropriate bypass of selected 
non-interventional hospitals with transfer of 
patients to interventional centres and use of 
secondary prevention medication.

This study adds to the growing body of 
international evidence that the pharma-
co-invasive approach is a viable method 
in STEMI patients who present to hospitals 
without PCI capabilities. In the New Zealand 
context, this may mean future resources 
could be effi  ciently used in further opti-
mising existing STEMI networks.
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Appendix
Appendix Table 1: Outline of data collected for the ANZACS-QI national Routine Information cohort.16

Name of dataset and 
data contained

Variables

National Minimum 
Dataset47

Admission-related data: date of admission, date of discharge, ICD-
coded discharge diagnoses, ICD-coded procedural diagnoses (including 
angiography, PCI, CABG), DHB of domicile.
Demographic data: age at admission, sex, ethnicity, deprivation quintile, 
domicile, rurality of residence. 
Previous hospitalisations: previous ACS and ischaemic heart disease 
admissions; Charlson comorbidities (MI, peripheral vascular disease heart 
failure chronic obstructive pulmonary disease, connective tissue disease, 
ulcers, dementia, cerebrovascular disease, hemiplegia, diabetes, liver 
disease, renal disease, neoplasms, AIDS); total Charlson comorbidity score.

Pharmaceutical 
Collection48

Government-subsidised medications dispensing claims from community 
pharmacies.

Mortality Collection49 Date of death and ICD-coded underlying and contributing causes of death.

ICD = International Statistical Classification of Diseases and Related Health Problem, PCI = percutaneous coronary 
intervention, CABG = coronary artery bypass gra� ing, DHB = District Health Board, ACS = acute coronary syndrome, 
MI = myocardial infarction, AIDS = acquired immune deficiency syndrome.

Appendix Table 2: Proportion of STEMI reperfusion strategies between hospital groupings. Data 
collected from the ANZACS-QI registry between 1 September 2013–30 November 2016.

Routine primary PCI
(n=3,520)
(% of group)

Metropolitan without 
routine PCI 
(n=1,785)
(% of group)

Rural hospital
(n=430)
(% of group)

Primary PCI 2,704 (77.6%) 185 (10.5%) 60 (14.0%)

Fibrinolysis 94 (2.70%) 1,122 (63.6%) 253 (59.1%)

No reperfusion 688 (19.7%) 456 (25.9%) 115 (26.9%)

PCI = percutaneous coronary intervention.
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Appendix Table 3: List of New Zealand public hospitals that receive STEMI patients, with and without 
access to cardiac catherisation services. 

Hospitals participating in a 
routine primary PCI service 

Metropolitan hospitals with 
no routine primary PCI service 

Rural hospitals 

Auckland City Hospital Blenheim/Wairau Hospital Ashburton Hospital

Christchurch Hospital Gisborne Hospital Bay of Islands Hospital

Dunedin Hospital Hawke’s Bay Hospital Chatham Islands Hospital 

Hutt Hospital Masterton/Wairarapa Hospital Clutha Health First

Middlemore Hospital Nelson Hospital Dargaville Hospital

North Shore Hospital Palmerston North Hospital Dunstan Hospital

Waikato Hospital Rotorua Hospital Golden Bay Hospital

Waitakere Hospital Southland Hospital Gore Hospital

Wellington Hospital Taranaki Base Hospital Grey Base Hospital

Tauranga Hospital Hawera Hospital

Timaru Hospital Kaikoura Hospital

Whakatane Hospital Kaitaia Hospital

Whanganui Hospital Lakes District Hospital

Whangarei Hospital Maniototo Hospital

Oamaru Hospital

Rawene/Hokianga Hospital

Taumarunui Hospital

Taupo Hospital

Te Kuiti Hospital

Te Puia Springs Hospital

Thames Hospital

Tokoroa Hospital

 Wairoa Hospital

 Westport/Buller Hospital

PCI = percutaneous coronary intervention.
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