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Background: Countries with a high incidence of coronavirus 2019 (COVID-19) reported reduced hospital-
isations for acute coronary syndromes (ACS) during the pandemic. This study describes the impact of a
nationwide lockdown on ACS hospitalisations in New Zealand (NZ), a country with a low incidence of

Methods: All patients admitted to a NZ Hospital with ACS who underwent coronary angiography in the

Keywords: All NZ ACS Quality Improvement registry during the lockdown (23 March - 26 April 2020) were com-

Acute coronary syndrome
Coronavirus 2019

pared with equivalent weeks in 2015-2019. Ambulance attendances and regional community troponin-I
testing were compared for lockdown and non-lockdown (1 July 2019 to 16 February 2020) periods.

Findings: Hospitalisation for ACS was lower during the 5-week lockdown (105 vs. 146 per-week, rate ratio
0+72 [95% CI 0-61-0-83], p = 0.003). This was explained by fewer admissions for non-ST-segment eleva-
tion ACS (NSTE-ACS; p = 0-002) but not ST-segment elevation myocardial infarction (STEMI; p = 0+31).
Patient characteristics and in-hospital mortality were similar. For STEMI, door-to-balloon times were sim-
ilar (70 vs. 72 min, p = 0-52). For NSTE-ACS, there was an increase in percutaneous revascularisation
(59% vs. 49%, p<0-001) and reduction in surgical revascularisation (9% vs. 15%, p = 0+005). There were
fewer ambulance attendances for cardiac arrests (98 vs. 110 per-week, p = 0-04) but no difference for
suspected ACS (408 vs. 420 per-week, p = 0-44). Community troponin testing was lower throughout the

lockdown (182 vs. 394 per-week, p<0-001).

Interpretation: Despite the low incidence of COVID-19, there was a nationwide decrease in ACS hospital-

isations during the lockdown. These findings have important implications for future pandemic planning.
Funding: The ANZACS-QI registry receives funding from the New Zealand Ministry of Health.
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Research in context

Evidence before this study

A significant reduction in hospitalisations for acute coro-
nary syndromes (ACS) during the COVID-19 pandemic have
been reported in several countries. It has not been possible to
identify potential contributing factors for the observed reduc-
tions in ACS presentations on the basis of limited patient de-
mographic, clinical characteristic, management and outcome
data reported to date. Current reports have come from coun-
tries with a relatively high incidence of COVID-19 cases (e.g.
Italy, Spain, England, USA) and it is not known whether sim-
ilar findings have occurred in countries with a low incidence
of COVID-19.

Added value of this study

Our study reports nationwide data during the COVID-19
lockdown in New Zealand, from established registries of inpa-
tients with confirmed ACS, and patients with suspected ACS
in out-of-hospital settings. There was a 28% reduction in ACS
hospitalisations observed, with a 34% reduction in hospitali-
sations for non-ST-segment elevation ACS (NSTE-ACS) and no
significant change in hospitalisations for ST-segment eleva-
tion myocardial infarction (STEMI). There were no observed
differences in clinical characteristics of patients hospitalised,
in particular there was no suggestion that they were pre-
senting later with more severe disease as evidenced by sim-
ilar GRACE scores and in-hospital mortality. Door-to-balloon
times were similar, and length of hospital stays were shorter,
suggesting that the ability to care for patients with ACS in-
hospital was preserved. There was no reduction in ambulance
attendances for suspected ACS suggesting that failure to seek
medical attention was not the only contributing factor to the
reduction in ACS hospitalisations. An 11% reduction in am-
bulance attendances for out-of-hospital cardiac arrests sup-
ports a possible true decline in the incidence of ACS during
the lockdown. A 54% decrease in community troponin testing
suggests changes in the delivery of primary healthcare during
lockdown, which may have led to less referrals for hospitali-
sation.

Implications of all available evidence

Reductions in ACS presentations to hospital have been ob-
served in countries with both a high and low incidence of
COVID-19 related pathology. The reasons for these findings
are likely multifactorial and cannot be solely explained by
patient failure to seek medical attention, or healthcare sys-
tems inability to provide routine care for ACS patients due to
prioritisation of services towards COVID-19 pathology. These
findings are important for healthcare delivery planning and
public health policy in any future pandemic.

1. Introduction

Lockdowns, a form of enforced social distancing, have been suc-
cessfully implemented to limit the transmission of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in several coun-
tries [1,2] and have led to the elimination of community transmis-
sion in New Zealand (NZ) [3]. During the NZ nationwide lockdown,
implemented on the 23 March 2020, individuals were instructed to
stay at home other than for essential personal movement, and all
non-essential businesses and facilities were closed for 5 weeks. By
the end of the lockdown on the 27 April 2020, there had been 1122
confirmed coronavirus disease 2019 (COVID-19) cases (233 per mil-
lion population) and 19 deaths (39 deaths per million population).
In comparison, on the same date, there were 166 and 354 deaths
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per million population in the United States and United Kingdom
respectively [4]. Hospital occupancy with COVID-19 cases in NZ
was extremely low, with no more than 20 patients in hospital or 5
in an intensive care unit at any time throughout the country (Sup-
plementary Material, Figure S1). The NZ national lockdown was
successful in eliminating COVID-19 from NZ for ~120 days, when
there was further limited community spread after COVID-19 was
reintroduced following international travellers.

While lockdowns slow the progression of a pandemic, they can
have undesired effects. A significant decrease in hospitalisations
for acute coronary syndrome (ACS) was observed in many regions
around the world during the COVID-19 pandemic [5-12]. The in-
ability of overwhelmed healthcare systems to deliver routine care
to patients with ACS may partially explain this reduction [13]. In
addition, individual behaviour may change during a lockdown, in
particular, a reluctance to seek medical attention for non-COVID-
19 conditions due to a fear of contracting COVID-19 at healthcare
facilities. The relative contributions of the pandemic itself and the
lockdowns to the decline in ACS hospitalisation are unknown.

New Zealand, an island nation of 5 million people, is in a
unique position to study the impact of lockdown measures on pa-
tients presenting with ACS, largely without the confounding ef-
fects of COVID-19 pathology. We evaluated the impact of the na-
tional lockdown on the presentation and management of patients
with ACS from national and regional registries of hospitalisations
for ACS, ambulance attendances for suspected ACS and cardiac ar-
rests, and from community troponin testing, a surrogate measure
of primary health care assessment of chest pain.

2. Methods

In this study, patient contacts with healthcare systems were
investigated during the 5-week national lockdown between 23
March and 26 April 2020.

2.1. Hospitalisations with confirmed ACS and coronary angiography

Hospitalisations with ACS were identified from the All New
Zealand Acute Coronary Syndrome Quality Improvement (ANZACS-
QI) registry. This nationwide web-based electronic database
records a mandatory dataset entered by clinicians for all patients
hospitalised with ACS and referred for coronary angiography. Data
was collected prospectively from all NZ public hospitals and pa-
tients are included regardless of whether they are managed in a
coronary care unit or ward-based setting. Further details regard-
ing data collection were previously reported [14]. The complete-
ness of patient capture and accuracy of ACS diagnosis was previ-
ously validated against national administrative datasets [15]. In this
study, patients admitted during the 5-week lockdown were com-
pared with those admitted during a non-lockdown period compris-
ing the same dates in the preceding 5 years (23 March to 26 April
2015-2019). All patients hospitalised for a confirmed ACS that un-
derwent coronary angiography during the study period were in-
cluded. Analyses were performed on a per-hospitalisation basis,
rather than per-person. Registry entries with incomplete data were
excluded from analysis - 10 hospitalisations (1<9%) during the lock-
down and 11 hospitalisations (0-3%) during the non-lockdown pe-
riod.

Data variables recorded in the ANZACS-QI registry included pa-
tient demographics, the Global Registry of ACS (GRACE) admission
to six-month score [16], left ventricular ejection fraction (LVEF),
coronary angiography findings, revascularisation details and in-
hospital outcomes. Significant coronary artery disease was defined
as > 50% stenosis in any major native epicardial vessel or coro-
nary bypass graft. Time from symptom onset to hospital presenta-
tion was recorded for those with ST-segment elevation myocardial
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infarction (STEMI). Door-to-balloon time was recorded for those
treated with primary percutaneous coronary intervention (PCI).

2.2. Ambulance attendances

Ambulance attendances were captured from the Out-of-Hospital
Heart Attack and Out-of-Hospital Cardiac Arrest registries. These
two nationwide registries capture all ambulance attendances by
the St John Ambulance Service and Wellington Free Ambulance.
Data was collected from: computer-aided dispatch data and sup-
porting systems; and on-scene data that was entered into elec-
tronic patient report forms by the ambulance personnel in atten-
dance. Ambulance attendances during the 5-week lockdown were
compared with those during a 33-week baseline period between 1
July 2019 and 16 February 2020. Data from the first six months of
2019 was not available due to industrial action during that time.
Ambulance attendances for any reason, and specifically for sus-
pected ACS and out-of-hospital cardiac arrests (OHCA) were inves-
tigated. Attendances for suspected ACS events were defined as pre-
hospital clinician coding of either cardiac chest pain, myocardial
ischemia or STEMI. All ambulance attendances for OHCA were in-
cluded, regardless of suspected aetiology of arrest or if resuscita-
tion was attempted.

The data variables recorded in this registry included patient de-
mographics, location of ambulance attendance, final clinical status
(1-immediate threat to life, 2-potential threat to life, 3-unlikely
threat to life, 4-no threat to life, 0-dead) and patient disposition.
Rural and urban localities were derived from meshblock census
area units according to Statistics NZ.

In the absence of meshblock data, attendances by the Welling-
ton Free Ambulance were designated as urban.

2.3. Community laboratory testing

Anonymised community laboratory testing data was obtained
from Labtests NZ. Labtests NZ provides funded community labo-
ratory testing for the wider Auckland Region. It serves a popu-
lation of approximately 1-7 million and has testing volumes that
represent about 40% of all those performed nationally. The labora-
tory does not process specimens collected from emergency depart-
ments or inpatient services, which are analysed in regional hos-
pital laboratories. As part of pandemic preparations, a number of
laboratory testing depots were reduced temporarily by arrange-
ment with the funder, however ample patient access was provided
and all biochemistry tests remained available, including urgent re-
quests. For example, troponin requests are automatically processed
urgently, and this turnaround did not change during lockdown (av-
erage 3 h and 45 min, including transport time).

The number of high-sensitivity Troponin I (Siemens TNIH) as-
says performed each week, and the proportion of results above the
upper limit of normal (non-gender specific 99th population per-
centile 47 ng/L) were assessed during the 5-week lockdown and
compared with a 33-week baseline period between 1 July 2019
and 16 February 2020. The performance of other common labora-
tory tests, including full blood counts, serum creatinine and liver
function tests, were also measured. These other tests were per-
formed using Siemens Advia and Sysmex automated laboratory
platforms. Labtests is accredited under International Accreditation
New Zealand (IANZ), according to the international 1SO15189 stan-
dard.

2.4. Ethics

The ANZACS-QI registry is part of the Vascular Informatics us-
ing Epidemiology and Web (VIEW) programme at the University
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of Auckland. The VIEW programme was approved by the North-
ern Region Ethics Committee Y in 2003 (AKY/03/12/314) and Na-
tional Multi-Region Ethics Committee since 2007 (MEC07/19/EXP).
The ambulance Out-of-Hospital Heart Attack Registry and the Out-
of-Hospital Cardiac Arrest Registry studies are approved by New
Zealand Health and Disabilities Ethics Committee 19/NTB/186 and
19/NTB/187 respectively. Individual patient consent was not re-
quired.

2.5. Statistics

Descriptive statistics for categorical variables were reported by
frequency and percentage, and Pearson’s chi-square was used. Con-
tinuous variables were presented as mean + standard deviations
or median with interquartile range. Comparison of continuous
data between groups were tested using Student’s t-test or Mann-
Whitney U test where appropriate.

Mean event rates per week (ACS hospitalisations, ambulance at-
tendances and laboratory testing) were calculated by dividing the
number of events by the number of weeks for each time period
and were compared with the Mann-Whitney U test. Mean rate ra-
tios were calculated by dividing the mean event rate during the
lockdown period by the mean event rate during non-lockdown pe-
riods and confidence intervals were calculated by Fieller’s method.
The analysis did not adjust for potential confounding variables as
there were no significant differences in baseline characteristics of
patients hospitalised for ACS between time periods, and equivalent
weeks in prior years were used as the control period to reduce
effects of seasonal variation. All P-values were two tailed and a P-
value of <0-05 was considered significant. Data was analysed using
SAS statistical package, version 9+4 (SAS Institute, Cary, NC)

2.6. Role of the funding source

No funders had any role in study design, data collection, data
analysis, interpretation and writing of the report. The correspond-
ing author had full access to all the data in the study.

3. Results
3.1. Acute coronary syndrome hospital admissions

There was a mean of 105 + 17 hospitalisations with confirmed
ACS per-week during the 5-week lockdown compared to a mean
146 + 14 hospitalisations per-week in the same time period in
2015-2019 (mean rate ratio 0-72, 95% CI 0-61 - 083, p = 0-003).
This decrease was largely explained by a reduction in non-ST-
segment elevation myocardial infarction (NSTEMI) (59 + 9 vs.
86 + 10 per-week, mean rate ratio 0-69, 95% CI 0-59 - 0-79,
p<0-001). Unstable angina presentations also reduced (13 £ 7 vs.
24 + 5 per-week, mean rate ratio 0-54, 95% CI 0-29 - 0-80,
p = 0-008). However, there was no change in frequency of STEMI
presentations during the lockdown period (33 + 4 vs. 36 &+ 7 per-
week, p = 0-31) (Fig. 1-2).

There were no differences in patient demographics or char-
acteristics observed during the lockdown compared to the non-
lockdown period (Table 1). Median age was 66 years, 70% were
male, there was no difference in ethnicity and the mean GRACE
score for mortality at 6 months was 3<4% in both periods. Coro-
nary angiography and echocardiography findings were also similar.
Length of hospital stay was one day shorter during lockdown for
both patients with non-ST-segment elevation acute coronary syn-
dromes (NSTE-ACS) and STEMI (p<0+001).

Of those presenting with STEMI, rates of reperfusion therapy
were similar between time periods (79% vs. 78%, p = 0-89). A sim-
ilar proportion of patients received reperfusion with fibrinolytic
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Non-lockdown Lockdown Mean Rate Ratio _value
Mean + SD/week Mean + SD/week (95% CI) P
Acute Coronary Syndromes Hospitalisations
All 146+ 14 10517 0.72 (0.61 - 0.83) D : 0.003
[
1
STEMI 367 33+4 092 (0.80-1.04) '—.—'-l' 031
NSTE-ACS 110+ 12 12+ 15 0.66 (0.53-0.79) r—l_— : 0.002
- NSTEMI 8610 5919 0.69 (0.59-0.79) ] : <0.001
- Unstable angina 24+5 137 0.54 (0.29 - 0.80) —— : 0.008
|
Ambulance Attendances :
[
|
Suspected ACS 420+ 29 408 = 58 0.97 (0.84 - 1.10) |—I-'—| 044
- Aged Care Facility 164 134 0.81 (0.58 - 1.05) I—l—{—l 0.15
- Healthcare Facility 84+13 34+ 10 0.41(0.30-0.52) —l— : <0.001
- Home 280+ 23 346 = 46 1.24 (1.09-1.39) : e <0.001
- Public 42+ 6 14+ 4 0.35(0.22-0.47) iy : <0.001
[
1
All 8,176 +292 7,210 + 187 0.88 (0.86-0.91) [ : <0.001
Out-of-Hospital Cardiac Arrest 11012 98+ 5 0.89 (0.84-0.95) Selld : 0.04
[
Community Laboratory Testing :
|
[
High-sensitivity Troponin I 394+ 72 182 + 67 0.46 (0.31-0.62) St ! <0.001
- Abnormal hsTroponin I >ULN 28+8 145 0.50 (0.32-0.68) L H <0.001
[
'
Full Blood Count 24029+4090 84841689 0.35(0.29-042) —— : <0.001
Urea and Electrolytes 17.494 £ 3073 5,746 +£ 1311 0.33 (0.26 - 0.40) Sl : <0.001
Liver Function Tests 16,338+ 2,874 5177+1,154 0.32(0.25-0.39) ) 1 <0.001

0.0 02 04 0.6 0.8 1.0 12 14

ACS = acute coronary syndrome; CI = confidence interval; hsTroponin = high-sensitivity Troponin; NSTE-ACS = non-ST-segment elevation acute coronary syndrome;
NSTEMI = non-ST-segment elevation myocardial infarction; STEMI = ST-segment elevation myocardial infarction; SD = standard deviation; ULN = upper limit of normal

p-value calculated using Mann-Whitney U test

Fig. 1. Changes in event rates during the lockdown compared to non-lockdown period

ACS = acute coronary syndrome; CI = confidence interval; hsTroponin = high-sensitivity Troponin; NSTE-ACS = non-ST-segment elevation acute coronary syndrome;
NSTEMI = non-ST-segment elevation myocardial infarction; STEMI = ST-segment elevation myocardial infarction; SD = standard deviation; ULN = upper limit of normal

p-value calculated using Mann-Whitney U test.

therapy during lockdown (20% vs. 25%, p = 0-20). Door-to-balloon
time was similar for those treated with primary PCI (695 [45 to
97-5] vs. 72 [46 to 103] minutes, p = 0-52). No increased delays to
symptom onset to hospital presentation was observed during lock-
down (124 [76 to 208] vs. 112 [67 to 194] minutes, p = 0-20).

Of those presenting with NSTE-ACS, time from hospital ad-
mission to coronary angiography was shorter during lockdown
(222 £ 2+6 vs. 29 + 26 days, p<0-001). The proportion of pa-
tients who were revascularised remained similar although there
was an increase in percutaneous coronary intervention (59% vs.
49%, p<0+001) and a corresponding reduction in coronary artery
bypass grafting (9% vs 15%, p = 0-005).

3.2. Ambulance attendances

Ambulance attendances for suspected ACS were similar during
the lockdown compared to the non-lockdown period (408 =+ 58 vs.
420 + 29 per-week, p = 0-44). Total weekly ambulance atten-
dances during the lockdown were reduced by compared to the
non-lockdown period (7210 + 187 vs. 8176 + 191 per-week, mean
rate ratio 0-88, 95% CI 0-86 - 0-91, p<0+001). A reduction in ambu-
lance attendances for OHCA was also observed (98 + 5 vs. 110 + 12
per-week, mean rate ratio 0-89, 95% CI 0-84 - 0-95, p<0-001)
(Fig. 1, 3 and Supplementary Material, Figure S2-3).

Amongst ambulance attendances for suspected ACS, age (me-
dian 69 vs. 68 years), male sex (55% vs. 54%) and ethnicity were
similar between the lockdown and non-lockdown periods. There
was a 24% increase in attendances at individuals’ homes (346 vs.
280 per week), a 59% reduction in attendances to healthcare fa-

cilities (34 vs. 8 per week) and a 65% reduction in attendances to
individuals in public places (14 per vs. 42 per week). There were
slightly fewer attendances for status 1 and 2 presentations rep-
resenting immediate or potential threat to life (37% vs. 40%) and
a small increase in individuals not transferred to hospital for fur-
ther management (4% vs. 2%) (Table 2). Similar findings were ob-
served for all ambulance attendances and ambulance attendances
for OHCA (Supplementary Material, Table S6-7).

3.3. Community laboratory testing

There was a decrease in community high-sensitivity troponin
I testing performed during the lockdown compared to the non-
lockdown period (182 + 67 vs. 394 4+ 72 per-week, mean rate ratio
046, 95% CI 0-31 - 0-62, p<0+001) (Fig. 1 and 3). The total num-
ber of troponin I tests per-week that were above the upper limit
of normal were reduced during lockdown, although the proportion
of above the upper limit of normal was similar for the two periods
(7-7% vs. 7+1%, p = 0+80). Community testing for other common
laboratory tests were also reduced during the lockdown (Supple-
mentary Material, Figure S4).

4. Discussion

This is the first nationwide description of ACS hospitalisations
in the context of a strict nationwide COVID-19 lockdown, but in
the absence of widespread community transmission and low hos-
pital occupancy with COVID-19 cases. During the 5-week nation-
wide COVID-19 lockdown period in NZ, there was a decrease in
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a) All acute coronary syndromes
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Fig. 2. Hospitalisations for acute coronary syndrome by week.
a) All acute coronary syndromes.

b) ST-segment elevation myocardial infarction.

¢) Non-ST-segment elevation acute coronary syndromes.
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Table 1
Demographics, clinical characteristics and outcomes for patients with acute coronary syndrome hospitalisations during the lockdown compared to non-lockdown
period.

STEMI NSTE-ACS

Non-lockdown Lockdown Non-lockdown Lockdown

n = 908 n = 164 p-value n = 2740 n = 361 p-value
Mean admissions 36+ 7 33+ 4 031 110 + 12 72 +£ 15 0-002
per week + SD
Demographics
Age (years), 65 (55 to 74) 65 (57 to 72) 067 67 (58 to 75) 66 (59 to 74) 0-69
median (IQR)
Male gender 648 (71%) 125 (76%) 0-20 1869 (68%) 243 (67%) 073
Ethnicity 091 0-07
- NZ Maori 89 (10%) 14 (9%) 286 (10%) 35 (10%)
- Pacific 45 (5%) 9 (5%) 144 (5%) 22 (6%)
- Indian 51 (6%) 12 (7%) 123 (4%) 27 (7%)
- Other Asian 39 (4%) 7 (4%) 103 (4%) 8 (2%)
- European/Other 684 (75%) 122 (74%) 2084 (76%) 269 (75%)
Comorbidities
Prior MI 151 (17%) 23 (14%) 041 787 (29%) 112 (31%) 0-36
Current smoker 264 (29%) 44 (27%) 056 538 (20%) 60 (17%) 0-17
Diabetes 179 (20%) 25 (15%) 0-18 719 (26%) 91 (25%) 067
Clinical
presentation
Cardiac arrest prior 89 (10%) 17 (10%) 0-83 45 (2%) 3 (1%) 0-24
to hospitalisation
GRACE score”, 61 + 92 61 + 83 091 25 + 43 22 + 3-8 0-07
mean + SD
LV ejection fraction 201 (22%) 38 (23%) 077 244 (9%) 36 (10%) 0-51
<40%
Coronary anatomy 0-57 0-20
- No significant 46 (5%) 11 (7%) 441 (16%) 50 (14%)
CAD
- 1-2 vessel 646 (71%) 111 (68%) 1428 (52%) 206 (57%)
disease
- 3 vessel 216 (24%) 42 (26%) 871 (32%) 105 (29%)
disease/left main
stem
Symptom onset to 112 (67 to 194) 124 (76 to 208) 0-20 o o oo
hospital (minutes),
median (IQR)
Management
Door-to-balloon 72 (46 to 103) 69.5 (45 to 97+5) 052 o o o
time (minutes)
median (IQR)
Reperfusion 038 o
therapy
- Primary PCI 485 (53%) 96 (59%) o o
- Fibrinolysis 225 (25%) 33 (20%) o o
- No reperfusion 198 (22%) 35 (21%) o o
Time from o o . 29 + 26 22 £ 1.8 <0-001
admission to
angiogram (days),
mean + SD
Revascularisation
- PCI 714 (79%) 132 (80%) 059 1342 (49%) 213 (59%) <0-001
- CABG 72 (8%) 8 (5%) 017 410 (15%) 34 (9%) 0-005
- No 122 (13%) 24 (15%) 068 988 (36%) 114 (32%) 0-09
revascularisation
Length of hospital 5¢1 + 52 4+0 + 43 <0-001 60 + 56 4.5 + 45 <0-001
stay (days), mean
+ SD
In-hospital 45 (5%) 7 (4%) 071 18 (1%) 4 (1%) 0:34
mortality

NB: All values are frequency (%) unless otherwise specified. p-values were calculated using Pearson’s chi-square for categorical data; and Student’s t-test or Mann-
Whitney U test for continuous data where appropriate.
ACS = acute coronary syndrome; CABG = coronary artery bypass grafting; CAD = coronary artery disease; IQR = interquartile range; LV = left ventricular; MI = my-
ocardial infarction; NSTE-ACS; non-ST-segment elevation acute coronary syndrome; PCI = percutaneous coronary intervention; SD = standard deviation; STEMI = ST-
segment elevation myocardial infarction.

* For 6-month mortality.

the number of hospital admissions with confirmed ACS, due to a
reduction in hospitalisations for NSTEMI and unstable angina, re-
spectively. There was no difference in hospitalisations for STEMI.
There were no observed differences in demographics or comorbidi-
ties of patients hospitalised for ACS, and no indication that pa-

tients were presenting later or with more severe disease during
lockdown, with similar door-to-device times, GRACE scores, LVEF,
and in-hospital mortality observed. A reduction in total ambulance
attendances, ambulance attendances for OHCA and community tro-
ponin testing were also observed. This study provides a unique in-
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Fig. 3. Out-of-hospital healthcare encounters for suspected acute coronary syndromes by week.

a) Ambulance attendances for suspected acute coronary syndrome.
b) Community troponin I testing.

sight into the impact of the lockdown and other measures taken to
mitigate a major pandemic on nationwide ACS hospitalisations.

An increase in ACS presentations was expected during the
COVID-19 pandemic, as seen with seasonal influenza epidemics
[17,18], significant public events [19] and natural disasters [20].
However the opposite was observed with reductions in ACS pre-
sentations by 25-48% reported from the United States [5, 6], Italy
[7, 8], Spain [9], Austria [10], England [11] and Germany [12]. The
findings of these studies were limited to specific regions or sur-
vey responses. On the basis of limited patient demographic, clini-
cal characteristic, management and outcome data reported to date,
it is not possible to establish contributing factors for observed re-
ductions in ACS presentations. The aforementioned studies were
undertaken in countries with a high burden of COVID-19 cases in
comparison to NZ. As a result, the factors underlying the observed
reduction in ACS hospitalisations may be different.

Patient factors including failure to seek medical attention are
likely to contribute to the decrease in ACS hospitalisations during
lockdown. In this nationwide study, there were no observed dif-
ferences in demographics or comorbidities of patients hospitalised
for ACS during the lockdown compared to previous years, sug-
gesting factors influencing non-presentation affected all individu-
als equally. Strong public health messages emphasising the need
for social distancing and encouraging people to stay at home dur-

ing the lockdown period may have discouraged individuals from
seeking medical attention. Individuals may have avoided hospital-
isation for fear of contracting COVID-19 in hospital; or separation
from family due to stringent visitor restrictions during the lock-
down. The reduction in hospitalisations for NSTE-ACS but not for
STEMI, suggests that those with less severe symptoms may have
avoided presenting to hospital during lockdown. A similar observa-
tion of a reduction in NSTEMI and unstable angina hospitalisations
but not for STEMI was seen from a single centre study in Germany
[12], where there was a higher community prevalence of COVID-19
but relatively low mortality compared to other countries. A relative
increase in ACS hospitalisations, ambulance attendances for sus-
pected ACS and community laboratory testing was observed in the
second half of the 5-week lockdown. This coincided with media re-
ports of potential harm arising from non-presentation, changes in
messages from the government recommending seeking medical at-
tention for non-COVID-19 conditions and a decline in the detection
of new cases of COVID-19.

An alternate explanation is that a genuine reduction in the in-
cidence of ACS during the lockdown resulted in fewer hospitali-
sations for ACS. There are several possible mechanisms for such a
reduction. In Oceania, which includes Australia and New Zealand,
influenza activity indicators have remained at or below inter-
seasonal levels [21], possibly as a result of the various hygiene
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Table 2
Description of ambulance attendances for suspected acute coronary syndrome during the lockdown
compared to non-lockdown period.

Non-lockdownn = 13,865 Lockdownn = 2038 p-value
Mean attendances per week + SD 420 + 29 408 + 58 0-44
Demographics
Age (years), median (IQR) 69 (57 to 79) 68 (56 to 79) 0-01
Male sex* 7684 (55%) 1105 (54%) 0-32
Ethnicity 0-87
- New Zealand Maori 954 (7%) 132 (6%)
- Pacific people 527 (4%) 79 (4%)
- Asian 729 (5%) 113 (6%)
- European/Other 11,655 (84%) 1731 (85%)
Clinical details
Location <0-001
- Aged Care Facility 513 (4%) 63 (3%)
- Healthcare Facility 2754 (20%) 172 (8%)
- Home 9224 (67%) 1731 (85%)
- Public/Other 1374 (10%) 72 (4%)
Rural location* 3184 (23%) 500 (25%) 021
Final clinical status** 0-002
-1-2 5599 (40%) 750 (37%)
-3-4 8253 (60%) 1284 (63%)
Transported to hospital* 13,527 (98%) 1953 (96%) <0-001

NB: All values are frequency (%) unless otherwise specified. p-values were calculated using Pearson’s
chi-square for categorical data; and Student’s t-test or Mann-Whitney U test for continuous data where
appropriate.
IQR = interquartile range; SD = standard deviation.

* contains missing data (see Supplementary Material, Table S8).

# Final clinical status: 1- immediate threat to life, 2-potential threat to life, 3-unlikely threat to life,

4-no threat to life.

and physical distancing measures implemented to reduce SARS-
CoV-2 virus transmission. Numerous associations have been es-
tablished between influenza and cardiovascular events [17,18,22],
and a decrease in influenza may have contributed to the reduc-
tion in ACS events observed. Reduction in physical activity due to
lockdown restrictions was demonstrated internationally [23] and
this may have resulted in individuals experiencing less symptoms
and less likelihood of physical stress leading to plaque rupture. We
have no information on changes in emotional, financial or mental
stresses during lockdown. Environmental factors, such as the re-
duction in air pollution observed in urban areas during lockdown
in NZ [24] and in other countries [25], may also have influenced
health outcomes.

The observed reduction in ambulance attendances for OHCA
may suggest a decline in the true incidence of ACS in NZ during
the lockdown, as coronary artery disease is the predominant cause
of OHCA [26]. In contrast, an increase in OHCA has been observed
in Italy [27], New York City [28] and France [29] where individu-
als with ACS may have experienced adverse outcomes due to being
unable to access timely healthcare during the COVID-19 pandemic.
However, the drop in ACS hospitalisations is not a unique finding
during the current pandemic. Similar decreases were observed in
emergency surgeries for type A aortic dissection in New York [30],
coronary care unit admissions for heart failure and atrial fibrilla-
tion [8] and paediatric emergency department visits in Italy [31].

To further examine possible contributing factors for the reduc-
tion in ACS hospitalisations, we studied the ambulance attendance
and community laboratory data. In contrast to the reduction in
ACS hospitalisations observed, there was no change in the ambu-
lance attendances for suspected ACS. It is difficult to identify rea-
sons for this discrepancy with the available data and further re-
search is required. Although there were no differences in patient
demographics observed in those attended by ambulance personnel
for suspected ACS, these patients during lockdown may have had
less severe presentations as their clinical status codes were lower
and a lower proportion were transferred to hospital. Previous re-
search demonstrated that half of all patients transported to hos-

pital in NZ for suspected ACS did not have a final discharge diag-
nosis of an ACS [32]. This proportion may have increased during
lockdown. Patients may have preferentially called for ambulance
assistance during lockdown, rather than self-presenting to hospi-
tal or their primary care physician. Another possible reason for
the discrepancy may be that less patients with ACS were inves-
tigated with coronary angiography, as these patients are not cap-
tured routinely within the ANZACS-QI registry. Guidelines for in-
hospital management of ACS were published during lockdown and
supported the consideration of alternative strategies for treating
patients with COVID-19 [33-35]. These included the use of fibri-
nolytic therapy for STEMI and deferral of coronary angiography for
NSTE-ACS without high risk features. Such a change in the investi-
gation and management of patients with ACS is a less likely con-
tributor to the current findings given the low incidence of COVID-
19 in NZ. Furthermore, there was no change in demographics or
clinical characteristics of ACS patients during lockdown, suggesting
no major change in referral for angiography.

The reduction in community laboratory testing is indicative of
reduced referral for testing from primary care during the lock-
down period. This may be due to fewer individuals seeking med-
ical attention with their primary care physician, but there were
also important changes to primary care provision during the lock-
down period that may influence testing volumes. Virtual consul-
tations were encouraged, requesting of laboratory tests that were
unlikely to alter patient management were discouraged and some
laboratory testing depots were closed. Access to urgent labora-
tory tests, including high-sensitivity troponin I, did not change and
rapid turnaround times were maintained. The lower ambulance at-
tendance rates from healthcare facilities also suggest lower rates of
referral from primary care to hospital during the lockdown.

Some changes in in-hospital ACS management were observed
during lockdown. The time to diagnostic coronary angiography was
reduced in patients presenting with NSTE-ACS. This is likely due
to less patients with ACS in hospital and an increase in avail-
able catherisation laboratory capacity due to cancellation of elec-
tive coronary and structural interventional procedures. Despite re-
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quiring personal protective equipment for possible COVID-19 cases,
there was no increase in door-to-balloon time observed for STEMI
presentations, unlike in other reports [8]. More patients received
revascularisation by PCI compared to CABG during the lockdown.
This may reflect a preference for multi-vessel PCI instead of sur-
gical revascularisation to minimise intensive care unit occupancy
and hospital length of stay. As a result, shorter length of hospital
stay was observed. There was no effect on in-hospital mortality.
The proportion of patients hospitalised with STEMI who did not
receive reperfusion or revascularisation is relatively high, although
consistent with previously reported national data [36]. The reasons
for this are not able to be ascertained from the available ANZACS-
QI registry data. Late presentation STEMI, absence of obstructive
coronary disease or complex/diffuse coronary disease not amend-
able to revascularisation may be possible causes.

The phenomenon of reduced ACS presentations reported in this
and other studies holds important lessons for the management of
a “second wave” of COVID-19 or another future pandemic. While
stringent pandemic management measures were effective, they are
likely to have contributed to individuals refraining from access-
ing healthcare for non-COVID-19 conditions. In the context of ACS,
such delays in presentation are associated with worse outcomes
[37] including cardiac death, recurrent angina or ACS, heart fail-
ure and arrhythmias. With the easing of lockdown restrictions,
healthcare systems should plan to accommodate a “catch-up” phe-
nomenon related to these possible late presentations with ACS and
their sequelae. Further research to carefully evaluate the factors
contributing to delayed or non-presentation in patients with ACS
are required.

4.1. Strengths and limitations

To our knowledge, this is the first study using a comprehen-
sive and established national registry to report changes in hospi-
talisations for ACS during a nationwide COVID-19 lockdown. It is
supported by data providing important insights into the prehospi-
tal investigation and management of patients with suspected ACS
from national ambulance and regional community laboratory reg-
istries.

A limitation of this study is that it was restricted to patients ad-
mitted to hospital with ACS who underwent coronary angiography.
As a result, any potential increase in the proportion of those hos-
pitalised for ACS that were managed without an invasive strategy
would not have been detected. However, this is unlikely to be a
major contributor given the low number of hospital admissions for
COVID-19 and current guidelines stressing the importance of main-
taining standard care for patients with ACS and without concur-
rent COVID-19 [33-35]. This study did not capture patients with an
ACS that were not hospitalised during the lockdown period and the
causes for non-presentation were not identifiable. In addition, any
patients that died in the community due to an ACS prior to med-
ical contact were not recorded in the registries used in this study.
The longer-term outcomes of patients with ACS admitted during
the lockdown and event-rates following de-escalation of lockdown
restrictions were not available for this analysis.

5. Conclusions

Despite the low incidence of COVID-19 in NZ, a decrease in
ACS hospitalisations was observed during the 5-week lockdown. A
number of factors are likely to have contributed to this finding. For
instance, the reduction in hospitalisations for NSTE-ACS and not
for STEMI suggests that those with less severe symptoms opted
to avoid contact with hospitals. Secondly, the decrease in ambu-
lance attendances for cardiac arrests supports a possible decline in
the true incidence of ACS during lockdown. Finally, a change in the
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delivery of primary healthcare, as suggested by lower community
laboratory testing, may have led to less referrals for hospitalisation.
This analysis suggests that the increased out-of-hospital mortality
observed in regions with a high community burden of COVID-19
[27-29] may predominantly reflect the direct and indirect conse-
quences of COVID-19, rather than the consequence of the lockdown
alone. The findings of this study have important implications for
healthcare delivery planning and public health policy in any future
pandemic.

Author contributions

DZC, RAS, AJK, BD, CVK, TSm, AHS, VFT, MWW, JBS contributed
towards the study conception and design. DZC, BD, CVK, CF, MR,
ML, YBL and VFT contributed to data acquisition and analysis.
RAS, AJK, PDA, GD, JE, SEJ, JME, NF, TSc, MKS, MJW, HDW con-
tributed towards data interpretation. DZC, RAS and ]BS drafted the
manuscript. AJK, BD, CVK, PDA, GD, JE, SEJ, JME, NF, CF, ML, YBL,
MR, TSc, TSm, MKS, VFT, MWW, MJW, HDW provided critical ap-
praisal of the manuscript. All authors gave final approval of the
version to be published and agreement to be accountable for all
aspects of the work.

Data sharing statement

Deidentified participant data that underlie the results reported
in this article and data dictionaries will be available beginning
3 months and ending 5 years following article publication. Data
will be made available to investigators whose proposed use of the
data has been approved by an independent review committee, to
achieve the aims in the approved proposal. Proposals should be di-
rected towards the corresponding author to gain data access. Data
requestors will need to sign a data access agreement.

Declaration of Competing Interest

DZC is supported by the A.H. Couch Research Fellowship. PDA
is supported by a Heart Foundation of New Zealand Senior Fel-
lowship (1844). YBL is supported by the Middlemore Cardiac Trust.
HDW has received grant support paid to the institution and fees
for serving on Steering Committees of the ODYSSEY trial from
Sanofi and Regeneron Pharmaceuticals, of the STRENGTH trial from
Omthera Pharmaceuticals, and of the HEART-FID study from Amer-
ican Regent, of the CAMELLIA study from Eisai Inc., of the DAL-
GENE study from DalCor Pharma UK Inc., of the AEGIS-II study
from CSL Behring, of the SCORED and SOLOIST-WHF trials from
Sanofi Australia Pty Ltd., and of the CLEAR OUTCOMES study from
Esperion Therapeutics Inc., and of the ACCELERATE study from Eli
Lilly and Company. He has been on an Advisory Board for Genen-
tech, Inc. San Francisco. He has received interview fees paid at
ACC2018 Cardiovascular Forum by AstraZeneca.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.lanwpc.2020.100056.

References

[1] Lau H, Khosrawipour V, Kocbach P, Mikolajczyk A, Schubert ], Bania J, et al. The
positive impact of lockdown in Wuhan on containing the COVID-19 outbreak
in China. ] Travel Med 2020;27(3).

[2] Tobias A. Evaluation of the lockdowns for the SARS-CoV-2 epidemic in Italy
and Spain after one month follow up. Sci Total Environ 2020;725:138539.

[3] Cousins S. New Zealand eliminates COVID-19. Lancet 2020;395(10235):1474.

[4] Roser M., Ritchie H., Ortiz-Ospina E., Hasell J. Coronavirus pandemic (COVID-
19) 2020 [27th April 2020]. Available from: https://ourworldindata.org/
coronavirus.


https://doi.org/10.1016/j.lanwpc.2020.100056
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0001
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0001
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0001
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0001
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0001
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0001
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0001
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0001
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0002
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0002
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0003
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0003
https://ourworldindata.org/coronavirus

D.ZL. Chan, R.AH. Stewart, A.J. Kerr et al.

[5] Garcia S, Albaghdadi MS, Meraj PM, Schmidt C, Garberich R, Jaffer FA, et al. Re-
duction in ST-segment elevation cardiac catheterization laboratory activa-
tions in the United States during COVID-19 pandemic. ] Am Coll Cardiol
2020;75(22):2871-2.

[6] Solomon MD, McNulty EJ, Rana JS, Leong TK, Lee C, Sung SH, et al. The
Covid-19 pandemic and the incidence of acute myocardial infarction. N Engl
] Med 2020;383(7):691-3.

[7] De Filippo O, D'Ascenzo F, Angelini F, Bocchino PP, Conrotto F, Saglietto A,

et al. Reduced rate of hospital admissions for ACS during Covid-19 outbreak

in Northern Italy. N Engl ] Med 2020;383(1):88-9.

De Rosa S, Spaccarotella C, Basso C, Calabro MP, Curcio A, Filardi PP, et al. Re-

duction of hospitalizations for myocardial infarction in Italy in the COVID-19

era. Eur Heart ] 2020;41(22):2083-8.

Rodriguez-Leor O, Cid-Alvarez B, Ojeda S, Martin-Moreiras J, Ramén Rumor-

0so ], Lépez-Palop R, et al. Impacto de la pandemia de COVID-19 sobre la ac-

tividad asistencial en cardiologia intervencionista en Espafia. REC Interv Cardiol
2020;2:82-9.

Metzler B, Siostrzonek P, Binder RK, Bauer A, Reinstadler S]. Decline of

acute coronary syndrome admissions in Austria since the outbreak of

COVID-19: the pandemic response causes cardiac collateral damage. Eur Heart

] 2020;41(19):1852-3.

[11] Mafham MM, Spata E, Goldacre R, Gair D, Curnow P, Bray M, et al. COVID-19
pandemic and admission rates for and management of acute coronary syn-
dromes in England. Lancet 2020;396(10248):381-9.

[12] Rattka M, Baumhardt M, Dreyhaupt |, Rothenbacher D, Thiessen K, Markovic S,

et al. 31 days of COVID-19-cardiac events during restriction of public life-a

comparative study. Clin Res Cardiol 2020.

Carter P, Anderson M, Mossialos E. Health system, public health, and eco-

nomic implications of managing COVID-19 from a cardiovascular perspective.

Eur Heart ] 2020;41(27):2516-18.

Kerr A, Williams M], White H, Doughty R, Nunn C, Devlin G, et al. The

all New Zealand acute coronary syndrome quality improvement programme:

implementation, methodology and cohorts (ANZACS-QI 9). N Z Med ]J.

2016;129(1439):23-36.

Kerr AJ, Lee M, Jiang Y, Grey C, Wells S, Williams M, et al. High level of cap-

ture of coronary intervention and associated acute coronary syndromes in the

all New Zealand acute coronary syndrome quality improvement cardiac reg-
istry and excellent agreement with national administrative datasets (ANZAC-

S-QI 25). N Z Med ] 2019;132(1492):19-29.

Granger CB, Goldberg R], Dabbous O, Pieper KS, Eagle KA, Cannon CP,

et al. Predictors of hospital mortality in the global registry of acute coronary

events. Arch Intern Med 2003;163(19):2345-53.

[17] Kwong JC, Schwartz KL, Campitelli MA, Chung H, Crowcroft NS, Karnauchow T,

et al. Acute myocardial infarction after laboratory-confirmed influenza infec-

tion. N Engl ] Med 2018;378(4):345-53.

Madjid M, Miller CC, Zarubaev VV, Marinich IG, Kiselev OI, Lobzin YV, et al. In-

fluenza epidemics and acute respiratory disease activity are associated with a

surge in autopsy-confirmed coronary heart disease death: results from 8 years

of autopsies in 34,892 subjects. Eur Heart ] 2007;28(10):1205-10.

Mohammad MA, Karlsson S, Haddad ], Cederberg B, Jernberg T, Lindahl B,

et al. Christmas, national holidays, sport events, and time factors as triggers

of acute myocardial infarction: SWEDEHEART observational study 1998-2013.

BM]J 2018;363:k4811.

Leor ], Poole WK, Kloner RA. Sudden cardiac death triggered by an earthquake.

N Engl ] Med 1996;334(7):413-19.

[21] World Health Organisation. Influenza updata - 370 2020 [2nd July
2020]. Available from: https://www.who.int/influenza/surveillance_monitoring/
updates/latest_update_GIP_surveillance/en/.

[8

19

(10]

(13]

[14]

[15]

[16]

[18]

[19]

[20]

10

The Lancet Regional Health - Western Pacific 5 (2020) 100056

[22] Clar C, Oseni Z, Flowers N, Keshtkar-Jahromi M, Rees K. Influenza vac-
cines for preventing cardiovascular disease. Cochrane Database Syst Rev
2015(5):CD005050.

[23] Tison GH, Avram R, Kuhar P, Abreau S, Marcus GM, Pletcher M]J, et al. World-
wide effect of COVID-19 on physical activity: a descriptive study. Ann Intern

Med 2020.
[24] Longley 1. Air quality wupdate 7. End of level 4 re-
strictions 2020 [17th May 2020]. Available from:

https://niwa.co.nz/atmosphere/lockdown-air-quality-updates/

air-quality-update-7-end- of-level-4-restrictions.

Tobias A, Carnerero C, Reche C, Massague ], Via M, Minguillon MC,

et al. Changes in air quality during the lockdown in Barcelona (Spain) one

month into the SARS-CoV-2 epidemic. Sci Total Environ 2020;726:138540.

[26] Myat A, Song K], Rea T. Out-of-hospital cardiac arrest: current concepts. Lancet
2018;391(10124):970-9.

[27] Baldi E, Sechi GM, Mare C, Canevari F, Brancaglione A, Primi R, et al. Out-
-of-hospital cardiac arrest during the Covid-19 outbreak in Italy. N Engl ] Med
2020;383(5):496-8.

[28] Lai PH, Lancet EA, Weiden MD, Webber MP, Zeig-Owens R, Hall CB, et al. Char-
acteristics associated with out-of-hospital cardiac arrests and resuscitations
during the novel coronavirus disease 2019 pandemic in New York City. JAMA
Cardiol 2020.

[29] Marijon E, Karam N, Jost D, Perrot D, Frattini B, Derkenne C, et al. Out-of-hos-
pital cardiac arrest during the COVID-19 pandemic in Paris, France: a popula-
tion-based, observational study. Lancet Public Health 2020;5(8):e437-ee43.

[30] El-Hamamsy I, Brinster DR, DeRose JJ, Girardi LN, Hisamoto K, Imam MN,
et al. The COVID-19 pandemic and acute aortic dissections in New York: a mat-
ter of public health. ] Am Coll Cardiol 2020;76(2):227-9.

[31] Lazzerini M, Barbi E, Apicella A, Marchetti F, Cardinale F, Trobia G. Delayed ac-
cess or provision of care in Italy resulting from fear of COVID-19. Lancet Child
Adolesc Health 2020;4(5):e10-eel.

[32] Stewart R., Jones P, Dicker B., Jiang Y., Smith T., Swain A., et al. The New
Zealand oxygen in acute coronary syndromes trial. ESC Congress; September
1, 2019; Paris, France.
Lo STH, Yong AS, Sinhal A, Shetty S, McCann A, Clark D, et al. Consensus guide-
lines for interventional cardiology services delivery during covid-19 pandemic
in Australia and new Zealand. Heart Lung Circ 2020;29(6):e69-77.
Mahmud E, Dauerman HL, Welt FGP, Messenger ]JC, Rao SV, Grines C,
et al. Management of acute myocardial infarction during the COVID-19 pan-
demic: a position statement from the society for cardiovascular angiogra-
phy and interventions (SCAI), the American college of cardiology (ACC), and
the American college of emergency physicians (ACEP). ] Am Coll Cardiol
2020;76(11):1375-84.

Coffey S, Moynagh A, Green B, Edmond ], Wilkins GT, Pemberton ],

et al. Changes to management of a non-pandemic illness during the COVID-19

pandemic: case study of invasive management of acute coronary syndrome. N

Z Med ] 2020;133(1513):101-6.

Wang TKM, Grey C, Jiang Y, Jackson RT, Kerr AJ. Nationwide trends in

acute coronary syndrome by subtype in New Zealand 2006-2016. Heart

2020;106(3):221-7.

Cannon CP, Gibson CM, Lambrew CT, Shoultz DA, Levy D, French W], et al. Re-

lationship of symptom-onset-to-balloon time and door-to-balloon time with

mortality in patients undergoing angioplasty for acute myocardial infarction.

JAMA 2000;283(22):2941-7.

(25]

[33]

(34]

[35]

(36]

(37]


http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0005
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0005
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0005
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0005
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0005
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0005
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0005
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0005
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0006
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0006
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0006
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0006
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0006
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0006
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0006
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0006
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0007
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0007
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0007
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0007
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0007
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0007
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0007
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0007
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0008
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0008
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0008
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0008
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0008
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0008
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0008
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0008
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0009
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0009
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0009
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0009
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0009
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0009
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0009
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0009
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0010
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0010
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0010
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0010
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0010
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0010
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0011
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0011
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0011
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0011
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0011
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0011
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0011
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0011
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0012
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0012
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0012
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0012
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0012
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0012
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0012
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0012
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0013
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0013
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0013
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0013
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0014
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0014
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0014
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0014
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0014
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0014
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0014
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0014
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0015
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0015
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0015
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0015
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0015
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0015
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0015
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0015
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0016
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0016
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0016
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0016
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0016
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0016
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0016
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0016
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0017
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0017
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0017
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0017
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0017
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0017
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0017
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0017
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0018
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0018
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0018
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0018
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0018
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0018
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0018
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0018
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0019
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0019
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0019
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0019
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0019
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0019
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0019
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0019
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0020
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0020
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0020
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0020
https://www.who.int/influenza/surveillance_monitoring/updates/latest_update_GIP_surveillance/en/
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0022
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0022
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0022
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0022
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0022
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0022
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0023
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0023
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0023
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0023
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0023
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0023
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0023
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0023
https://niwa.co.nz/atmosphere/lockdown-air-quality-updates/air-quality-update-7-end-of-level-4-restrictions
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0025
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0025
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0025
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0025
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0025
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0025
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0025
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0025
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0026
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0026
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0026
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0026
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0027
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0027
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0027
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0027
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0027
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0027
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0027
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0027
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0028
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0028
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0028
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0028
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0028
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0028
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0028
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0028
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0029
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0029
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0029
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0029
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0029
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0029
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0029
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0029
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0030
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0030
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0030
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0030
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0030
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0030
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0030
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0030
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0031
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0031
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0031
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0031
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0031
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0031
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0031
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0033
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0033
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0033
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0033
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0033
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0033
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0033
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0033
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0034
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0034
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0034
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0034
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0034
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0034
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0034
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0034
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0035
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0035
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0035
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0035
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0035
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0035
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0035
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0035
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0036
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0036
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0036
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0036
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0036
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0036
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0037
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0037
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0037
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0037
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0037
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0037
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0037
http://refhub.elsevier.com/S2666-6065(20)30056-0/sbref0037

	The impact of a national COVID-19 lockdown on acute coronary syndrome hospitalisations in New Zealand (ANZACS-QI 55)
	1 Introduction
	2 Methods
	2.1 Hospitalisations with confirmed ACS and coronary angiography
	2.2 Ambulance attendances
	2.3 Community laboratory testing
	2.4 Ethics
	2.5 Statistics
	2.6 Role of the funding source

	3 Results
	3.1 Acute coronary syndrome hospital admissions
	3.2 Ambulance attendances
	3.3 Community laboratory testing

	4 Discussion
	4.1 Strengths and limitations

	5 Conclusions
	Author contributions
	Data sharing statement
	Declaration of Competing Interest
	Supplementary materials
	References


