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a b s t r a c t 

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 

COVID-19. 

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

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

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. 

© 2020 The Authors. Published by Elsevier Ltd. 
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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. 

. Introduction 

Lockdowns, a form of enforced social distancing, have been suc- 

essfully implemented to limit the transmission of severe acute 

espiratory syndrome coronavirus 2 (SARS-CoV-2) in several coun- 

ries [ 1 , 2 ] and have led to the elimination of community transmis-

ion in New Zealand (NZ) [3] . During the NZ nationwide lockdown, 

mplemented on the 23 March 2020, individuals were instructed to 

tay at home other than for essential personal movement, and all 

on-essential businesses and facilities were closed for 5 weeks. By 

he end of the lockdown on the 27 April 2020, there had been 1122

onfirmed coronavirus disease 2019 (COVID-19) cases (233 per mil- 

ion population) and 19 deaths (3 • 9 deaths per million population). 

n comparison, on the same date, there were 166 and 354 deaths 
∗ Corresponding author at: Department of Cardiology, Middlemore Hospital, Pri- 

ate Bag 93311, Otahuhu, Auckland 1640, New Zealand. 
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er million population in the United States and United Kingdom 

espectively [4] . Hospital occupancy with COVID-19 cases in NZ 

as extremely low, with no more than 20 patients in hospital or 5 

n an intensive care unit at any time throughout the country (Sup- 

lementary Material, Figure S1). The NZ national lockdown was 

uccessful in eliminating COVID-19 from NZ for ~120 days, when 

here was further limited community spread after COVID-19 was 

eintroduced following international travellers. 

While lockdowns slow the progression of a pandemic, they can 

ave undesired effects. A significant decrease in hospitalisations 

or acute coronary syndrome (ACS) was observed in many regions 

round the world during the COVID-19 pandemic [5-12] . The in- 

bility of overwhelmed healthcare systems to deliver routine care 

o patients with ACS may partially explain this reduction [13] . In 

ddition, individual behaviour may change during a lockdown, in 

articular, a reluctance to seek medical attention for non-COVID- 

9 conditions due to a fear of contracting COVID-19 at healthcare 

acilities. The relative contributions of the pandemic itself and the 

ockdowns to the decline in ACS hospitalisation are unknown. 

New Zealand, an island nation of 5 million people, is in a 

nique position to study the impact of lockdown measures on pa- 

ients presenting with ACS, largely without the confounding ef- 

ects of COVID-19 pathology. We evaluated the impact of the na- 

ional lockdown on the presentation and management of patients 

ith ACS from national and regional registries of hospitalisations 

or ACS, ambulance attendances for suspected ACS and cardiac ar- 

ests, and from community troponin testing, a surrogate measure 

f primary health care assessment of chest pain. 

. Methods 

In this study, patient contacts with healthcare systems were 

nvestigated during the 5-week national lockdown between 23 

arch and 26 April 2020. 

.1. Hospitalisations with confirmed ACS and coronary angiography 

Hospitalisations with ACS were identified from the All New 

ealand Acute Coronary Syndrome Quality Improvement (ANZACS- 

I) registry. This nationwide web-based electronic database 

ecords a mandatory dataset entered by clinicians for all patients 

ospitalised with ACS and referred for coronary angiography. Data 

as collected prospectively from all NZ public hospitals and pa- 

ients are included regardless of whether they are managed in a 

oronary care unit or ward-based setting. Further details regard- 

ng data collection were previously reported [14] . The complete- 

ess of patient capture and accuracy of ACS diagnosis was previ- 

usly validated against national administrative datasets [15] . In this 

tudy, patients admitted during the 5-week lockdown were com- 

ared with those admitted during a non-lockdown period compris- 

ng the same dates in the preceding 5 years (23 March to 26 April 

015–2019). All patients hospitalised for a confirmed ACS that un- 

erwent coronary angiography during the study period were in- 

luded. Analyses were performed on a per-hospitalisation basis, 

ather than per-person. Registry entries with incomplete data were 

xcluded from analysis – 10 hospitalisations (1 • 9%) during the lock- 

own and 11 hospitalisations (0 • 3%) during the non-lockdown pe- 

iod. 

Data variables recorded in the ANZACS-QI registry included pa- 

ient demographics, the Global Registry of ACS (GRACE) admission 

o six-month score [16] , left ventricular ejection fraction (LVEF), 

oronary angiography findings, revascularisation details and in- 

ospital outcomes. Significant coronary artery disease was defined 

s ≥ 50% stenosis in any major native epicardial vessel or coro- 

ary bypass graft. Time from symptom onset to hospital presenta- 

ion was recorded for those with ST-segment elevation myocardial 

mailto:Daniel.Chan2@middlemore.co.nz
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nfarction (STEMI). Door-to-balloon time was recorded for those 

reated with primary percutaneous coronary intervention (PCI). 

.2. Ambulance attendances 

Ambulance attendances were captured from the Out-of-Hospital 

eart Attack and Out-of-Hospital Cardiac Arrest registries. These 

wo nationwide registries capture all ambulance attendances by 

he St John Ambulance Service and Wellington Free Ambulance. 

ata was collected from: computer-aided dispatch data and sup- 

orting systems; and on-scene data that was entered into elec- 

ronic patient report forms by the ambulance personnel in atten- 

ance. Ambulance attendances during the 5-week lockdown were 

ompared with those during a 33-week baseline period between 1 

uly 2019 and 16 February 2020. Data from the first six months of 

019 was not available due to industrial action during that time. 

mbulance attendances for any reason, and specifically for sus- 

ected ACS and out-of-hospital cardiac arrests (OHCA) were inves- 

igated. Attendances for suspected ACS events were defined as pre- 

ospital clinician coding of either cardiac chest pain, myocardial 

schemia or STEMI. All ambulance attendances for OHCA were in- 

luded, regardless of suspected aetiology of arrest or if resuscita- 

ion was attempted. 

The data variables recorded in this registry included patient de- 

ographics, location of ambulance attendance, final clinical status 

1-immediate threat to life, 2-potential threat to life, 3-unlikely 

hreat to life, 4-no threat to life, 0-dead) and patient disposition. 

ural and urban localities were derived from meshblock census 

rea units according to Statistics NZ. 

In the absence of meshblock data, attendances by the Welling- 

on Free Ambulance were designated as urban. 

.3. Community laboratory testing 

Anonymised community laboratory testing data was obtained 

rom Labtests NZ. Labtests NZ provides funded community labo- 

atory testing for the wider Auckland Region. It serves a popu- 

ation of approximately 1 • 7 million and has testing volumes that 

epresent about 40% of all those performed nationally. The labora- 

ory does not process specimens collected from emergency depart- 

ents or inpatient services, which are analysed in regional hos- 

ital laboratories. As part of pandemic preparations, a number of 

aboratory testing depots were reduced temporarily by arrange- 

ent with the funder, however ample patient access was provided 

nd all biochemistry tests remained available, including urgent re- 

uests. For example, troponin requests are automatically processed 

rgently, and this turnaround did not change during lockdown (av- 

rage 3 h and 45 min, including transport time). 

The number of high-sensitivity Troponin I (Siemens TNIH) as- 

ays performed each week, and the proportion of results above the 

pper limit of normal (non-gender specific 99th population per- 

entile 47 ng/L) were assessed during the 5-week lockdown and 

ompared with a 33-week baseline period between 1 July 2019 

nd 16 February 2020. The performance of other common labora- 

ory tests, including full blood counts, serum creatinine and liver 

unction tests, were also measured. These other tests were per- 

ormed using Siemens Advia and Sysmex automated laboratory 

latforms. Labtests is accredited under International Accreditation 

ew Zealand (IANZ), according to the international ISO15189 stan- 

ard. 

.4. Ethics 

The ANZACS-QI registry is part of the Vascular Informatics us- 

ng Epidemiology and Web (VIEW) programme at the University 
3 
f Auckland. The VIEW programme was approved by the North- 

rn Region Ethics Committee Y in 2003 (AKY/03/12/314) and Na- 

ional Multi-Region Ethics Committee since 2007 (MEC07/19/EXP). 

he ambulance Out-of-Hospital Heart Attack Registry and the Out- 

f-Hospital Cardiac Arrest Registry studies are approved by New 

ealand Health and Disabilities Ethics Committee 19/NTB/186 and 

9/NTB/187 respectively. Individual patient consent was not re- 

uired. 

.5. Statistics 

Descriptive statistics for categorical variables were reported by 

requency and percentage, and Pearson’s chi-square was used. Con- 

inuous variables were presented as mean ± standard deviations 

r median with interquartile range. Comparison of continuous 

ata between groups were tested using Student’s t -test or Mann- 

hitney U test where appropriate. 

Mean event rates per week (ACS hospitalisations, ambulance at- 

endances and laboratory testing) were calculated by dividing the 

umber of events by the number of weeks for each time period 

nd were compared with the Mann-Whitney U test. Mean rate ra- 

ios were calculated by dividing the mean event rate during the 

ockdown period by the mean event rate during non-lockdown pe- 

iods and confidence intervals were calculated by Fieller’s method. 

he analysis did not adjust for potential confounding variables as 

here were no significant differences in baseline characteristics of 

atients hospitalised for ACS between time periods, and equivalent 

eeks in prior years were used as the control period to reduce 

ffects of seasonal variation. All P-values were two tailed and a P- 

alue of < 0 • 05 was considered significant. Data was analysed using 

AS statistical package, version 9 • 4 (SAS Institute, Cary, NC) 

.6. Role of the funding source 

No funders had any role in study design, data collection, data 

nalysis, interpretation and writing of the report. The correspond- 

ng author had full access to all the data in the study. 

. Results 

.1. Acute coronary syndrome hospital admissions 

There was a mean of 105 ± 17 hospitalisations with confirmed 

CS per-week during the 5-week lockdown compared to a mean 

46 ± 14 hospitalisations per-week in the same time period in 

015–2019 (mean rate ratio 0 • 72, 95% CI 0 • 61 – 0 • 83, p = 0 • 003).

his decrease was largely explained by a reduction in non-ST- 

egment elevation myocardial infarction (NSTEMI) (59 ± 9 vs. 

6 ± 10 per-week, mean rate ratio 0 • 69, 95% CI 0 • 59 – 0 • 79,

 < 0 • 001). Unstable angina presentations also reduced (13 ± 7 vs. 

4 ± 5 per-week, mean rate ratio 0 • 54, 95% CI 0 • 29 – 0 • 80,

 = 0 • 008). However, there was no change in frequency of STEMI 

resentations during the lockdown period (33 ± 4 vs. 36 ± 7 per- 

eek, p = 0 • 31) ( Fig. 1 - 2 ). 

There were no differences in patient demographics or char- 

cteristics observed during the lockdown compared to the non- 

ockdown period ( Table 1 ). Median age was 66 years, 70% were 

ale, there was no difference in ethnicity and the mean GRACE 

core for mortality at 6 months was 3 • 4% in both periods. Coro- 

ary angiography and echocardiography findings were also similar. 

ength of hospital stay was one day shorter during lockdown for 

oth patients with non-ST-segment elevation acute coronary syn- 

romes (NSTE-ACS) and STEMI ( p < 0 • 001). 

Of those presenting with STEMI, rates of reperfusion therapy 

ere similar between time periods (79% vs. 78%, p = 0 • 89). A sim-

lar proportion of patients received reperfusion with fibrinolytic 
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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. 

t

t

9  

s

d

m

(  

t

w

4

b

3

t

4

d

n

r  

l

p  

(

d

s

w

2

c

i

s

r

a

t

s

f

3

I

l

0  

b

o

o

(  

l

m

4

i

t

p

w

herapy during lockdown (20% vs. 25%, p = 0 • 20). Door-to-balloon 

ime was similar for those treated with primary PCI (69 • 5 [45 to 

7 • 5] vs. 72 [46 to 103] minutes, p = 0 • 52). No increased delays to

ymptom onset to hospital presentation was observed during lock- 

own (124 [76 to 208] vs. 112 [67 to 194] minutes, p = 0 • 20). 

Of those presenting with NSTE-ACS, time from hospital ad- 

ission to coronary angiography was shorter during lockdown 

2 • 2 ± 2 • 6 vs. 2 • 9 ± 2 • 6 days, p < 0 • 001). The proportion of pa-

ients who were revascularised remained similar although there 

as an increase in percutaneous coronary intervention (59% vs. 

9%, p < 0 • 001) and a corresponding reduction in coronary artery 

ypass grafting (9% vs 15%, p = 0 • 005). 

.2. Ambulance attendances 

Ambulance attendances for suspected ACS were similar during 

he lockdown compared to the non-lockdown period (408 ± 58 vs. 

20 ± 29 per-week, p = 0 • 44). Total weekly ambulance atten- 

ances during the lockdown were reduced by compared to the 

on-lockdown period (7210 ± 187 vs. 8176 ± 191 per-week, mean 

ate ratio 0 • 88, 95% CI 0 • 86 – 0 • 91, p < 0 • 001). A reduction in ambu-

ance attendances for OHCA was also observed (98 ± 5 vs. 110 ± 12 

er-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- 

ian 69 vs. 68 years), male sex (55% vs. 54%) and ethnicity were 

imilar between the lockdown and non-lockdown periods. There 

as a 24% increase in attendances at individuals’ homes (346 vs. 

80 per week), a 59% reduction in attendances to healthcare fa- 
4 
ilities (34 vs. 8 per week) and a 65% reduction in attendances to 

ndividuals in public places (14 per vs. 42 per week). There were 

lightly fewer attendances for status 1 and 2 presentations rep- 

esenting immediate or potential threat to life (37% vs. 40%) and 

 small increase in individuals not transferred to hospital for fur- 

her management (4% vs. 2%) ( Table 2 ). Similar findings were ob- 

erved for all ambulance attendances and ambulance attendances 

or OHCA (Supplementary Material, Table S6–7). 

.3. Community laboratory testing 

There was a decrease in community high-sensitivity troponin 

 testing performed during the lockdown compared to the non- 

ockdown period (182 ± 67 vs. 394 ± 72 per-week, mean rate ratio 

 • 46, 95% CI 0 • 31 – 0 • 62, p < 0 • 001) ( Fig. 1 and 3 ). The total num-

er of troponin I tests per-week that were above the upper limit 

f normal were reduced during lockdown, although the proportion 

f 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

aboratory tests were also reduced during the lockdown (Supple- 

entary Material, Figure S4). 

. Discussion 

This is the first nationwide description of ACS hospitalisations 

n the context of a strict nationwide COVID-19 lockdown, but in 

he absence of widespread community transmission and low hos- 

ital occupancy with COVID-19 cases. During the 5-week nation- 

ide COVID-19 lockdown period in NZ, there was a decrease in 
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a) All acute coronary syndromes

b) ST-segment elevation myocardial infarction 

c) Non-ST- segment elevation acute coronary syndromes 

Fig. 2. Hospitalisations for acute coronary syndrome by week. 

a) All acute coronary syndromes. 

b) ST-segment elevation myocardial infarction. 

c) 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 

n = 908 

Lockdown 

n = 164 p-value 

Non-lockdown 

n = 2740 

Lockdown 

n = 361 p-value 

Mean admissions 

per week ± SD 

36 ± 7 33 ± 4 0 • 31 110 ± 12 72 ± 15 0 • 002 

Demographics 

Age (years), 

median (IQR) 

65 (55 to 74) 65 (57 to 72) 0 • 67 67 (58 to 75) 66 (59 to 74) 0 • 69 

Male gender 648 (71%) 125 (76%) 0 • 20 1869 (68%) 243 (67%) 0 • 73 

Ethnicity 0 • 91 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%) 0 • 41 787 (29%) 112 (31%) 0 • 36 

Current smoker 264 (29%) 44 (27%) 0 • 56 538 (20%) 60 (17%) 0 • 17 

Diabetes 179 (20%) 25 (15%) 0 • 18 719 (26%) 91 (25%) 0 • 67 

Clinical 

presentation 

Cardiac arrest prior 

to hospitalisation 

89 (10%) 17 (10%) 0 • 83 45 (2%) 3 (1%) 0 • 24 

GRACE score ∗ , 

mean ± SD 

6 • 1 ± 9 • 2 6 • 1 ± 8 • 3 0 • 91 2 • 5 ± 4 • 3 2 • 2 ± 3 • 8 0 • 07 

LV ejection fraction 

< 40% 

201 (22%) 38 (23%) 0 • 77 244 (9%) 36 (10%) 0 • 51 

Coronary anatomy 0 • 57 0 • 20 

- No significant 

CAD 

46 (5%) 11 (7%) 441 (16%) 50 (14%) 

- 1–2 vessel 

disease 

646 (71%) 111 (68%) 1428 (52%) 206 (57%) 

- 3 vessel 

disease/left main 

stem 

216 (24%) 42 (26%) 871 (32%) 105 (29%) 

Symptom onset to 

hospital (minutes), 

median (IQR) 

112 (67 to 194) 124 (76 to 208) 0 • 20 •• •• •• 

Management 

Door-to-balloon 

time (minutes) 

median (IQR) 

72 (46 to 103) 69.5 (45 to 97 • 5) 0 • 52 •• •• •• 

Reperfusion 

therapy 

0 • 38 •• 

- Primary PCI 485 (53%) 96 (59%) •• •• 

- Fibrinolysis 225 (25%) 33 (20%) •• •• 

- No reperfusion 198 (22%) 35 (21%) •• •• 

Time from 

admission to 

angiogram (days), 

mean ± SD 

•• •• •• 2 • 9 ± 2 • 6 2 • 2 ± 1 • 8 < 0 • 001 

Revascularisation 

- PCI 714 (79%) 132 (80%) 0 • 59 1342 (49%) 213 (59%) < 0 • 001 

- CABG 72 (8%) 8 (5%) 0 • 17 410 (15%) 34 (9%) 0 • 005 

- No 

revascularisation 

122 (13%) 24 (15%) 0 • 68 988 (36%) 114 (32%) 0 • 09 

Length of hospital 

stay (days), mean 

± SD 

5 • 1 ± 5 • 2 4 • 0 ± 4 • 3 < 0 • 001 6 • 0 ± 5 • 6 4.5 ± 4.5 < 0 • 001 

In-hospital 

mortality 

45 (5%) 7 (4%) 0 • 71 18 (1%) 4 (1%) 0 • 34 

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. 
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he number of hospital admissions with confirmed ACS, due to a 

eduction in hospitalisations for NSTEMI and unstable angina, re- 

pectively. There was no difference in hospitalisations for STEMI. 

here were no observed differences in demographics or comorbidi- 

ies of patients hospitalised for ACS, and no indication that pa- 
6 
ients were presenting later or with more severe disease during 

ockdown, with similar door-to-device times, GRACE scores, LVEF, 

nd in-hospital mortality observed. A reduction in total ambulance 

ttendances, ambulance attendances for OHCA and community tro- 

onin testing were also observed. This study provides a unique in- 
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a) Ambulance attendances for suspected acute coronary syndrome 

b) Community troponin I testing   

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. 
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ight into the impact of the lockdown and other measures taken to 

itigate a major pandemic on nationwide ACS hospitalisations. 

An increase in ACS presentations was expected during the 

OVID-19 pandemic, as seen with seasonal influenza epidemics 

 17 , 18 ], significant public events [19] and natural disasters [20] .

owever the opposite was observed with reductions in ACS pre- 

entations by 25–48% reported from the United States [ 5 , 6 ], Italy

 7 , 8 ], Spain [9] , Austria [10] , England [11] and Germany [12] . The

ndings of these studies were limited to specific regions or sur- 

ey responses. On the basis of limited patient demographic, clini- 

al characteristic, management and outcome data reported to date, 

t is not possible to establish contributing factors for observed re- 

uctions in ACS presentations. The aforementioned studies were 

ndertaken in countries with a high burden of COVID-19 cases in 

omparison to NZ. As a result, the factors underlying the observed 

eduction in ACS hospitalisations may be different. 

Patient factors including failure to seek medical attention are 

ikely to contribute to the decrease in ACS hospitalisations during 

ockdown. In this nationwide study, there were no observed dif- 

erences in demographics or comorbidities of patients hospitalised 

or ACS during the lockdown compared to previous years, sug- 

esting factors influencing non-presentation affected all individu- 

ls equally. Strong public health messages emphasising the need 

or social distancing and encouraging people to stay at home dur- 
7 
ng the lockdown period may have discouraged individuals from 

eeking medical attention. Individuals may have avoided hospital- 

sation for fear of contracting COVID-19 in hospital; or separation 

rom family due to stringent visitor restrictions during the lock- 

own. The reduction in hospitalisations for NSTE-ACS but not for 

TEMI, suggests that those with less severe symptoms may have 

voided presenting to hospital during lockdown. A similar observa- 

ion of a reduction in NSTEMI and unstable angina hospitalisations 

ut not for STEMI was seen from a single centre study in Germany 

12] , where there was a higher community prevalence of COVID-19 

ut relatively low mortality compared to other countries. A relative 

ncrease in ACS hospitalisations, ambulance attendances for sus- 

ected ACS and community laboratory testing was observed in the 

econd half of the 5-week lockdown. This coincided with media re- 

orts of potential harm arising from non-presentation, changes in 

essages from the government recommending seeking medical at- 

ention for non-COVID-19 conditions and a decline in the detection 

f new cases of COVID-19. 

An alternate explanation is that a genuine reduction in the in- 

idence of ACS during the lockdown resulted in fewer hospitali- 

ations for ACS. There are several possible mechanisms for such a 

eduction. In Oceania, which includes Australia and New Zealand, 

nfluenza activity indicators have remained at or below inter- 

easonal 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-lockdown n = 13,865 Lockdown n = 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 M ̄aori 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%) 0 • 21 

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. 
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nd physical distancing measures implemented to reduce SARS- 

oV-2 virus transmission. Numerous associations have been es- 

ablished between influenza and cardiovascular events [ 17 , 18 , 22 ],

nd a decrease in influenza may have contributed to the reduc- 

ion in ACS events observed. Reduction in physical activity due to 

ockdown restrictions was demonstrated internationally [23] and 

his may have resulted in individuals experiencing less symptoms 

nd less likelihood of physical stress leading to plaque rupture. We 

ave no information on changes in emotional, financial or mental 

tresses during lockdown. Environmental factors, such as the re- 

uction in air pollution observed in urban areas during lockdown 

n NZ [24] and in other countries [25] , may also have influenced 

ealth outcomes. 

The observed reduction in ambulance attendances for OHCA 

ay suggest a decline in the true incidence of ACS in NZ during 

he lockdown, as coronary artery disease is the predominant cause 

f OHCA [26] . In contrast, an increase in OHCA has been observed 

n Italy [27] , New York City [28] and France [29] where individu- 

ls with ACS may have experienced adverse outcomes due to being 

nable to access timely healthcare during the COVID-19 pandemic. 

owever, the drop in ACS hospitalisations is not a unique finding 

uring the current pandemic. Similar decreases were observed in 

mergency surgeries for type A aortic dissection in New York [30] , 

oronary care unit admissions for heart failure and atrial fibrilla- 

ion [8] and paediatric emergency department visits in Italy [31] . 

To further examine possible contributing factors for the reduc- 

ion in ACS hospitalisations, we studied the ambulance attendance 

nd community laboratory data. In contrast to the reduction in 

CS hospitalisations observed, there was no change in the ambu- 

ance attendances for suspected ACS. It is difficult to identify rea- 

ons for this discrepancy with the available data and further re- 

earch is required. Although there were no differences in patient 

emographics observed in those attended by ambulance personnel 

or suspected ACS, these patients during lockdown may have had 

ess severe presentations as their clinical status codes were lower 

nd a lower proportion were transferred to hospital. Previous re- 

earch demonstrated that half of all patients transported to hos- 
8 
ital in NZ for suspected ACS did not have a final discharge diag- 

osis of an ACS [32] . This proportion may have increased during 

ockdown. Patients may have preferentially called for ambulance 

ssistance during lockdown, rather than self-presenting to hospi- 

al or their primary care physician. Another possible reason for 

he discrepancy may be that less patients with ACS were inves- 

igated with coronary angiography, as these patients are not cap- 

ured routinely within the ANZACS-QI registry. Guidelines for in- 

ospital management of ACS were published during lockdown and 

upported the consideration of alternative strategies for treating 

atients with COVID-19 [33–35] . These included the use of fibri- 

olytic therapy for STEMI and deferral of coronary angiography for 

STE-ACS without high risk features. Such a change in the investi- 

ation and management of patients with ACS is a less likely con- 

ributor to the current findings given the low incidence of COVID- 

9 in NZ. Furthermore, there was no change in demographics or 

linical characteristics of ACS patients during lockdown, suggesting 

o major change in referral for angiography. 

The reduction in community laboratory testing is indicative of 

educed referral for testing from primary care during the lock- 

own period. This may be due to fewer individuals seeking med- 

cal attention with their primary care physician, but there were 

lso important changes to primary care provision during the lock- 

own period that may influence testing volumes. Virtual consul- 

ations were encouraged, requesting of laboratory tests that were 

nlikely to alter patient management were discouraged and some 

aboratory testing depots were closed. Access to urgent labora- 

ory tests, including high-sensitivity troponin I, did not change and 

apid turnaround times were maintained. The lower ambulance at- 

endance rates from healthcare facilities also suggest lower rates of 

eferral from primary care to hospital during the lockdown. 

Some changes in in-hospital ACS management were observed 

uring lockdown. The time to diagnostic coronary angiography was 

educed in patients presenting with NSTE-ACS. This is likely due 

o less patients with ACS in hospital and an increase in avail- 

ble catherisation laboratory capacity due to cancellation of elec- 

ive coronary and structural interventional procedures. Despite re- 
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uiring personal protective equipment for possible COVID-19 cases, 

here was no increase in door-to-balloon time observed for STEMI 

resentations, unlike in other reports [8] . More patients received 

evascularisation by PCI compared to CABG during the lockdown. 

his may reflect a preference for multi-vessel PCI instead of sur- 

ical revascularisation to minimise intensive care unit occupancy 

nd hospital length of stay. As a result, shorter length of hospital 

tay was observed. There was no effect on in-hospital mortality. 

he proportion of patients hospitalised with STEMI who did not 

eceive reperfusion or revascularisation is relatively high, although 

onsistent with previously reported national data [36] . The reasons 

or this are not able to be ascertained from the available ANZACS- 

I registry data. Late presentation STEMI, absence of obstructive 

oronary disease or complex/diffuse coronary disease not amend- 

ble to revascularisation may be possible causes. 

The phenomenon of reduced ACS presentations reported in this 

nd other studies holds important lessons for the management of 

 “second wave” of COVID-19 or another future pandemic. While 

tringent pandemic management measures were effective, they are 

ikely to have contributed to individuals refraining from access- 

ng healthcare for non-COVID-19 conditions. In the context of ACS, 

uch delays in presentation are associated with worse outcomes 

37] including cardiac death, recurrent angina or ACS, heart fail- 

re and arrhythmias. With the easing of lockdown restrictions, 

ealthcare systems should plan to accommodate a “catch-up” phe- 

omenon related to these possible late presentations with ACS and 

heir sequelae. Further research to carefully evaluate the factors 

ontributing to delayed or non-presentation in patients with ACS 

re required. 

.1. Strengths and limitations 

To our knowledge, this is the first study using a comprehen- 

ive and established national registry to report changes in hospi- 

alisations for ACS during a nationwide COVID-19 lockdown. It is 

upported by data providing important insights into the prehospi- 

al investigation and management of patients with suspected ACS 

rom national ambulance and regional community laboratory reg- 

stries. 

A limitation of this study is that it was restricted to patients ad- 

itted to hospital with ACS who underwent coronary angiography. 

s a result, any potential increase in the proportion of those hos- 

italised for ACS that were managed without an invasive strategy 

ould not have been detected. However, this is unlikely to be a 

ajor contributor given the low number of hospital admissions for 

OVID-19 and current guidelines stressing the importance of main- 

aining standard care for patients with ACS and without concur- 

ent COVID-19 [33–35] . This study did not capture patients with an 

CS that were not hospitalised during the lockdown period and the 

auses for non-presentation were not identifiable. In addition, any 

atients that died in the community due to an ACS prior to med- 

cal contact were not recorded in the registries used in this study. 

he longer-term outcomes of patients with ACS admitted during 

he lockdown and event-rates following de-escalation of lockdown 

estrictions were not available for this analysis. 

. Conclusions 

Despite the low incidence of COVID-19 in NZ, a decrease in 

CS hospitalisations was observed during the 5-week lockdown. A 

umber of factors are likely to have contributed to this finding. For 

nstance, the reduction in hospitalisations for NSTE-ACS and not 

or STEMI suggests that those with less severe symptoms opted 

o avoid contact with hospitals. Secondly, the decrease in ambu- 

ance attendances for cardiac arrests supports a possible decline in 

he true incidence of ACS during lockdown. Finally, a change in the 
9 
elivery of primary healthcare, as suggested by lower community 

aboratory testing, may have led to less referrals for hospitalisation. 

his analysis suggests that the increased out-of-hospital mortality 

bserved in regions with a high community burden of COVID-19 

27–29] may predominantly reflect the direct and indirect conse- 

uences of COVID-19, rather than the consequence of the lockdown 

lone. The findings of this study have important implications for 

ealthcare delivery planning and public health policy in any future 

andemic. 
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