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abstract
aim: This study assessed stroke reperfusion treatments trends in 2019 and 2020 with comparison back to 2015.  
Additional analyses looked at differences by sex and ethnicity. 
method: The National Stroke Register contains data on all stroke patients who received reperfusion therapies since 
2015. Outcomes included treatment rates, delays, mortality and complications by year, sex, and ethnicity. Continu-
ous variables were compared using the Wilcoxon Rank-Sum Test and presented as p-values. Rate-based results were  
compared using incidence rate comparison and presented as p-values +/- 95% confidence intervals.
results: In 2020, 11.3% (828/7333) received intravenous thrombolysis (IVT) and 5.5% (404/7333) underwent stroke clot 
retrieval (SCR), increasing from 6.5% (389/5963) and 0.5% (30/5963) in 2015, respectively. Among reperfused patients 
(IVT, SCR, both), 8.3% had died at seven days and 3.0% (29/959) experienced sICH. Door-to-treatment time was sta-
ble between 2019 and 2020, with median (IQR) of 61 (44–84) and 61 (41–87) minutes, respectively. Initial presentation 
to a SCR centre was associated with shorter onset-to-reperfusion time of 286 (206–566) minutes, compared with 403  
(295–550) minutes (p<0.001). While onset-to-door time was shorter for Māori (72 (44–112) minutes, p <0.001) and  
Pacific patients (70 (48–105) minutes, p=0.03) compared with NZ Europeans, door-to-needle time was longer in Māori 
(66 (48–88) compared to 59 (41–83) minutes (p=0.001). Female (73.7+/15.3 years) patients were on average 4.4 years 
older than males (69.3+/-14.6 years) and less likely to receive thrombolysis (12.7% vs 14.9%, p=0.02).
conclusion: Reperfusion therapy rates continue to rise, now  driven by increasing rates of SCR. Longer door-to-needle 
time in Māori and lower reperfusion rates in women require further exploration and attention.

Stroke is now the third most common cause of 
death and the leading cause of serious adult 
disability in New Zealand.1 The annual num-

ber of people with strokes is expected to rise by a 
further 40% over the next decade.2 

Following an ischaemic stroke, brain tissue 
may be rescued if blood flow is restored rapidly. 
Intravenous thrombolysis (IVT) and stroke clot 
retrieval (SCR) using stent retrievers significantly 
improve the odds of disability-free recovery.3,4

In New Zealand, IVT is provided at all 28 acute 
stroke hospitals, of which 16 receive remote 
Telestroke support.2 SCR is provided at three of 
these stroke centres.2 SCR treatment is limited to 
a subset of patients with large vessel occlusion 
(LVO) and consequently more patients qualify for 
IVT compared to SCR. However, in patients with 
LVO, SCR offers greater absolute treatment ben-
efit because these are the most severely affected 
patients and SCR is more effective in clearing 
large clots than IVT. The pivotal SCR clinical trials 
all used SCR preceded by IVT treatment, although 
trials are ongoing to explore SCR without IVT.3

Stroke thrombolysis rates have varied between 
centres in New Zealand with key barriers includ-
ing poor access to experienced stroke physicians 
in regional settings.5 National and regional initia-
tives to address these inequalities have included 
regular audit and reviews, service model changes 
to reduce treatment delays, public education cam-
paigns to improve community stroke recognition, 
and the introduction of Telestroke.6–8 

Unfortunately, some population groups in New 
Zealand appear consistently more vulnerable. 
Between 1983 and 2003, NZ Europeans have seen a 
19% decrease in total stroke incidence, while Pacific 
patients have seen a 66% increase and Māori a 2% 
increase.9 Furthermore, while age-adjusted stroke 
incidence rates in NZ Europeans have declined by 
19%, these rates have increased by 16% in Māori 
and 21% in Pacific peoples.9 The high stroke inci-
dence in Māori and Pacific peoples, combined with 
the comparatively young onset of strokes in these 
populations, creates significant burdens on Māori 
and Pacific stroke survivors, their whānau, com-
munities and society. Reperfusion access by ethnic-
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ity has previously been explored in the Northland 
Region of New Zealand and did not find significant 
differences.10 Comprehensive data on reperfusion 
metrics for the entire country have not been previ-
ously published. 

Women often experience poorer post-stroke 
outcomes than men due to sex-related differences 
in presentation and risk factors. Women are more 
likely to present with strokes at an older age and 
have worse pre-stroke functionality compared 
with men.11 Studies have also found that women 
are less likely to receive IVT than men; the cause 
of which remains unclear.12 To date, potential sex 
differences in stroke reperfusion therapy in New 
Zealand have not been explored. 

This study reports on the reperfusion therapy 
rates in 2019 and 2020 to assess the impact of 
service improvements on temporal trends, along 
with the identification of areas that require fur-
ther improvement. We also explored the associa-
tion of demographic factors, specifically ethnicity 
and sex, with reperfusion therapy access and qual-
ity metrics. 

Design and methods
This is a registry-based prospective observa-

tional study including all adult patients (age >16) 
who received reperfusion therapy in New Zea-
land between 1 January 2015 and 31 December 
2020. All stroke patients who receive reperfusion 
therapy (IVT and/or SCR) in New Zealand are rou-
tinely entered into a national online database 
using the open source REDCap platform. Data is 
entered by staff at the primary stroke centre or 
by a member of the central database administra-
tion team. The data in the register was cleaned 
manually and scrutinised for missing values, 
data entry errors and notable outliers. Duplicate 
entries were identified using the National Health 
Index number. Hospital staff nationwide were 
contacted for further information where neces-
sary. In cases where important information was 
missing or missing values could not be reconciled, 
the patient in question was excluded from both 
numerator and denominator to complete specific 
analyses. 

The primary patient efficacy end point for the 
National Stroke Register is day seven vital status 
with optional reporting of modified Rankin Scale 
(mRS) at three months. The mRs is a seven point 
scale with zero normal and six dead, and where 
independence is defined as a score of 0,1 or 2. 
The primary safety end point is the rate of symp-

tomatic intracerebral haemorrhage (sICH).13 IVT 
and SCR rates are calculated using denominator 
data supplied by the Ministry of Health based on 
recorded discharge coding. The denominator data 
includes all patients with ischaemic stroke (ICD 
10-AM I63) and strokes “unspecified” (ICD 10-AM 
I64). Strokes “unspecified” have been included as 
internal audits have found that most cases repre-
sent miscoded ischaemic strokes. 

In 2020, we became aware that Ministry of 
Health data includes multiple duplicates, where 
patients transferred between hospitals are 
counted as multiple discharges, despite all dis-
charges referring to a single stroke event. We have 
now removed all duplicates dating back to 2017. 
Data for 2015 and 2016 were not available for this 
reanalysis. This means some of the denominators 
and intervention rates presented in this paper 
differ slightly from previously published reports  
raising historical intervention rates. As we were 
unable to retrospectivity amend data prior to 
2017, this needs to be borne in mind when com-
paring trends from pre-2017 with post-2017. Due 
to the slightly inflated denominator for these years 
the actual thrombolysis rates will have likely been 
approximately 0.5% higher for thrombolysis and 
0.2% higher for stroke clot retrieval than the fig-
ures displayed and previously published.2

Continuous variables were non-normally dis-
tributed and were thus analysed and reported as 
the median value, with additional values denot-
ing IQR of 25th to 75th percentiles. Comparative dif-
ferences were analysed using Wilcoxon rank sum 
test and presented as p-values. Rate-based results 
were presented as incidence rates. Comparative 
differences were analysed using incidence rate 
comparison and presented with p-values +/- 95% 
confidence intervals. A p-value less than 0.05 was 
considered statistically significant. Data analysis 
was completed in StataIC 16.0

Results
Between 1 January and 31 December 2020, there 

were 7333 patients with acute ischaemic stroke (n= 
7021) or “stroke unspecified” (n= 312). Of this num-
ber, 828 (11.3%, 11.8% excluding “stroke unspeci-
fied”) were treated with IVT and 404 (5.5%, 5.6% 
excluding “stroke unspecified”) were treated with 
SCR. A total of 201 patients were treated with both 
IVT and SCR (24.3% of all IVT patients). None of 
these patients were confirmed positive for COVID-
19. Baseline characteristics are listed in Table 1. 

For IVT in 2020, the median (IQR) door-to-nee-
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dle time was 61 (41–87) minutes (Table 2). sICH 
occurred in 24 patients (2.9%). At day seven, 66 
(8.1%) patients had died and at three months, 
224 (61.7%) of 363 patients where this informa-
tion was recorded were functionally indepen-
dent (mRS 0–2). For SCR in 2020, the median (IQR) 
arrival-to-groin time was 55 (22–113) minutes, 
sICH rate was 1.2% and 141 of 286 (49.3%), where 
this information was recorded, were independent 
at three months (Table 3). 

IVT rates have increased from 6.5% in 2015 
to 11.3% in 2020 (p=<0.001), but have remained 
unchanged since 2019 (11.3% both years). The 
median (IQR) door-to-needle time has reduced 
from 74 (55–102) in 2015 to 61 (41–87) in 2020, 
but has remained stable since 2019 when it was 
61 (44–84) minutes. The percentage of patients 
treated with IVT under 60 minutes has also 
remained stable between 2019 and 2020 (49.1% 
to 49.7%; p= 0.99). There has been no significant 
change observed in the number of patients who 
have died by day seven between 2015 and 2020 
(6.7% to 8.1%; p= 0.45). Post-IVT sICH rates have 
reduced (6.2% in 2015 to 2.9% in 2020; p= 0.01) 
(Table 2). 

SCR rates have increased substantially from 
2015 to 2020 (0.5% to 5.5%; p<0.001), but only 
modestly across the last two years (4.8% in 2019 
to 5.5% in 2020; p= 0.08). Arrival-to-groin time 
remains stable at (median (IQR)) 52 (16–109) 

minutes in 2019 to 55 (22–113) minutes in 2020 
(p=0.45), as has onset-to-reperfusion time; (median 
(IQR)) 335 (235–522) minutes in 2019 to 365 (245–
550) minutes in 2020 (p=0.27). There have been 
no statistically significant changes between 2019 
and 2020 with regard to sICH rates (2.9% to 1.2%; 
p=0.12), day seven mortality rates (9.1% to 7.5%; 
p= 0.47), and the number of independent patients 
at three months (44.6% to 49.3%; p=0.44) (Table 3). 
NZ European patients residing in DHBs that are 
SCR centres experienced shorter onset-to-reper-
fusion times than those in a non-SCR centre DHB 
of domicile; 286 (206–566) and 403 (295–550) min-
utes (p<0.001) respectively.

Ethnicity did not have a significant impact on 
IVT rates in 2020 with 11.7% in NZ Europeans 
compared with 10.1% in Māori (95% CI 0.92, 1.45; 
p= 0.20) and 11.6% in Pacific patients (95% CI: 
0.75, 1.36; p= 1.00). Variation in SCR rates among 
different ethnic groups also did not differ with 
5.4% of NZ Europeans compared to 5.3% of Māori 
(95% CI 0.75, 1.43; p= 0.88) and 6.8% of Pacific 
patients (95% CI: 0.54, 1.19; p= 0.23). Reperfusion 
rates with IVT and or SCR were 13.3% in NZ Euro-
peans, compared to 12.3% in Māori (95% CI: 0.89, 
1.34; p= 0.42), and 13.9% in Pacific patients (95% 
CI: 0.74, 1.26; p= 0.73) (Table 4).

Looking at a two-year cohort (2018–2020) 
Māori and Pacific patients were significantly 
younger than their NZ European counterparts 

Table 1: Baseline characteristics of patients undergoing reperfusion therapy in 2020

Thrombolysis (IVT) cohort Thrombectomy (SCR) cohort

IVT patients, n

SCR patients, n

828

201

195

404

Age, mean (SD)

Male, n (%) 

Female, n (%)

71.2 (14.8)

431 (52.0)

392 (47.3)

68.4 (14.9)

209 (51.7)

192 (47.5)

Ethnicity, n (%)

European

NZ Māori

Pacific 

Asian 

Other

Presented out-of-hours, n (%) 

639 (77.2)

99 (12.0)

42 (5.1)

30 (3.6)

7 (0.80)

459 (55.4)

297 (73.5)

50 (12.4)

30 (7.4)

27 (6.7)

2 (0.5)

229 (56.7)
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Table 2: National IV thrombolysis (IVT) data, time delays, and patient outcomes 2015–2020

2015 2016 2017 2018 2019 2020

Thrombolysed, n 389 500 618 719 805 828

Total strokes1, n 5963 6068 6549* 6753 7153 7333

IVT Rates, % 6.5% 8.2% 9.4% 10.7% 11.3% 11.3%

SCR in those 
thrombolysed, n 
(%)

23 (5.9) 33 (6.6) 77 (12.5) 120 (16.7) 162 (20.1) 201 (24.3)

Reperfusion Rate, 
n (%)

     -      -     - 873 (12.2) 985 (14.5) 1023 (14.0)

Presented out of 
hours, n (%)

207 (53) 276 (55) 320 (57) 411 (57) 468 (58.4) 459 (57.2)

Onset-to-door 
time, median (IQR) 
minutes

69 (50–103) 71 (50–105) 76 (52–117) 75 (47–118) 77 (53–112) 81 (55–128)

Door-to-needle 
time, median (IQR) 
minutes

74 (55–102) 64 (47–92) 65 (47–89) 59 (40–84) 61 (44–84) 61 (41–87)

Door to needle 
time, n < 60 min 
(%)

119 (30.6) 201 (40.2) 250 (40.5) 366 (50.9) 395 (49.1) 406 (49.7)

Door to CT time, 
median (IQR) 
minutes

31 (21–42) 28 (19–40) 25 (17–39) 23 (15–37) 22 (13–35) 23 (16–36)

CT to Needle time, 
median (IQR) 
minutes

39 (23–61) 31 (17–51) 33 (20–54) 31 (19–51) 35 (22–54) 34 (20–53)

Onset-to-needle 
time, median (IQR) 
minutes

154 
(120–195)

142 
(111–189)

150 
(115–195)

145 
(110–198)

145 
(114–195)

157 
(115–210)

sICH, n (%) 24 (6.2) 25 (5.0) 25 (4.0) 26 (3.6) 37 (4.6) 24 (2.9)

Deceased at day 
seven, n (%) 

26 (6.7) 42 (8.4) 43 (7.0) 61 (8.5) 73 (9.1) 66 (8.1)

1 This figure includes ischaemic strokes (I63) and stroke unspecified (I64) but excludes intracerebral haemorrhage (I61). 
* Stroke volumes for 2017 and 2018 have been updated from 6549 and 6753, respectively, to the displayed figures, after  
duplicates have been removed and thus displayed rates will differ from prior publication.2 No updated data was available for 2015 
and 2016 and thus these values re unchanged and likely underestimate thrombolysis rates by about 0.5% and SCR rates by about 
0.2% extrapolating from 2017–2020 data.
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Table 3: Endovascular Stroke Clot Retrieval (SCR) data 2011–2020

2011–2014 2015 2016 2017 2018 2019 2020

Stroke clot 
retrieval events, 
n

28 30 49 134 252 346 404

Stroke patients 
treated with 
SCR, n

28 39 49 134 243 342 402

SCR rate, n/N (%)      -
30/5693 
(0.5)

49/6068 
(0.8)

134/65499 
(2.1)

243/6753 
(3.6)

346/7153 
(4.8)

404/7333

(5.5)

Thrombolysed 
SCR patients, n 
(%)

17 (61) 23 (77) 33 (67) 77 (57) 116 (48) 161 (46) 195 (48)

Arrival-to-groin 
time, median 
(IQR) minutes

129 (71.5–
203.5)

115.5 
(50–180)

72 
(24–107)

68 (20–97)
45 
(15–100)

52 
(16–109)

55 
(22–113)

Groin-to-reper-
fusion time, 
median (IQR) 
minutes

110 
(72.5–165)

61 (55–80) 67 (40–90) 50 (35–83) 45 (30–65) 47 (28–76) 43 (28–69)

Onset-to-reper-
fusion time, 
median (IQR) 
minutes

337.5 
(293–
422.5)

270 
(235–350)

258 
(222–320)

275 
(225–365)

285 
(225–435)

335 
(235–522)

365 
(245–550)

sICH, n/N (%) 1/28 (3.6) 3/30 (10.0) 4/49 (8.2) 8/134 (6.0)
12/242 
(4.9)

10/342 
(2.9)

5/401  
(1.2)

Deceased at day 
seven, n/N (%)

4/28 (14.2) 5/30 (16.7) 8/49 (16.3)
23/134 
(17.2)

19/239 
(7.9)

31/342 
(9.1)

30/399 
(7.5)

mRS 0–2 at 3 
months, n/N (%)

14/27 
(51.8)

17/29 
(58.6)

33/49 
(67.3)

63/122 
(51.6)

114/201 
(57.8)

108/242 
(44.6)

141/286 
(49.3)
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Table 4: IVT and SCR data in NZ European, Māori and Pacific peoples 2018–2020.

2018 2019 2020

NZ 
Euro-
pean

Māori Pacific
NZ 
Euro-
pean

Māori Pacific
NZ 
Euro-
pean

Māori Pacific

Total strokes 5134 825 390 5351 865 415 5474 889 438

IVT rate, n (%)
520 
(10.1)

125 
(15.2)

49 
(12.6)

594  
(11.1)

122 
(14.1)

39  
(9.4)

639  
(11.7)

90 
(10.1)

51 
(11.6)

SCR rate, n (%)
168 
(3.3)

45

(5.5)
19 
(4.9)

241  
(4.5)

53  
(6.1)

22  
(5.3)

297  
(5.4)

47  
(5.3)

30  
(6.8)

Re-perfusion 
rate, n (%)

610 
(11.9)

146 
(17.7)

57 
(14.6)

719  
(13.4)

146 
(16.9)

51 
(12.3)

729  
(13.3)

109 
(12.3)

61 
(13.9)

Age (years) 74.0 60 65 74 61 63 74 60 61

Onset-to-door 
time median 
(IQR) minutes 

79  
(48–125)

71  
(44–101)

72  
(46–110)

80  
(55–115)

70  
(44–115)

65  
(48–103)

85 
(57–130)

75 (46–
117)

70 
(55–98)

Door-to-nee-
dle time, 
median (IQR) 
minutes

57 
(40–82.5

67 
(49–86)

56 
(31–78)

61 
(43–81)

63 
(47–91)

61 
(47–98)

59 
(40–85)

66 
(49–91)

67 
(53–97)

Onset-to-
needle time, 
median (IQR) 
minutes

145.5 
(110–
198)

146 
(106–
198)

127 
(105–
187)

148 
(115–
195)

143 
(112–
189)

151 
(103–
205)

159 
(115–
210)

151 
(113–
210)

153 
(114–
226)

Onset-to-rep 
erfusion 
time, median 
(IQR) minutes

 

SCR  centre 
 

Regional  
centre

 
 
 
 
 

259.5 
(211–
513)

 

292.5 
(242.5–
415)

 
 
 
 
 

289 
(195–
489)

265 
(195–
385)

 
 
 
 
 

225 
(155–
413)

277 
(245–
325)

 
 
 
 
 

297  
(215–
522)

365  
(285–
525)

 
 
 
 
 

374 
(235–
589)

342.5 
(270–
495)

 
 
 
 
 

442 
(230–
1520)

277.5 
(210–
375)

 
 
 
 
 

286 
(206–
566)

403 
(295–
550)

 
 
 
 
 

318 
(213–
380)

401 
(312.5–
485)

 
 
 
 
 

362.5 
(250–
560)

270 
(210–
445)

Onset-to-groin 
time, median 
(IQR) minutes

245  
(176–
400)

206.5 
(172.5–
407.5)

230 
(190–
325)

275 
(194–
456)

280 
(200–
471)

270 
(175–
425)

302 
(195–
483)

315 
(205–
415)

235 
(185–
400)
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2018 2019 2020

NZ 
Euro-
pean

Māori Pacific
NZ 
Euro-
pean

Māori Pacific
NZ 
Euro-
pean

Māori Pacific

Telestroke 
rate, n/N (%)

96/259 
(37.0)

24/69 
(34.8)

2/11 
(18.2)

147/654 
(22.5)

26/143 
(18.2)

3/49 
(6.1)

156/610 
(25.6)

23/82 
(28.0)

2/44 
(4.5)

mRS 0–2 at 3 
months, n/N 
(%)

146/263 
(55.5)

21/44 
(47.7)

17/29 
(58.6)

186/322 
(57.8)

33/55 
(60.0)

20/31 
(64.5)

226/374 
(60.4)

32/51 
(62.7)

15/30 
(50.0)

Presented out 
of hours, n/N 
(%)

349/609 
(57.3)

79/136 
(58.1)

38/67 
(56.7)

412/717 
(57.5)

95/146 
(65.1)

28/51 
(54.9)

404/711 
(56.8)

66/108 
(61.1)

30/56 
(53.6)

Deceased at 7 
days (%) 

60 (9.8) 10 (6.8) 1 (1.8) 58 (8.1) 14 (9.6) 6 (11.8) 63 (8.6) 6 (5.5) 5 (8.2)

sICH (%) 24 (3.9) 9 (6.2) 1 (1.8) 25 (3.5) 8 (5.5) 1 (2.0) 23 (3.2) 3 (2.8) 6 (9.8)

Table 4 (continued): IVT and SCR data in NZ European, Māori and Pasifika peoples 2018–2020.
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(60.3 years vs 74 years; p<0.001, and 63 years vs 
74 years; p<0.001, respectively). Onset-to-door 
time was significantly higher in NZ European 
patients (median (IQR)) 81 (54–123) minutes com-
pared with Māori; 72 (44–112) minutes (p<0.001), 
and Pacific patients; 70 (48–105) minutes (p= 0.03). 
Door-to-needle time in 2018–2020 was longer in 
Māori patients compared with NZ Europeans; 
(median (IQR)) 66 (48–88) minutes compared to 59 
(41–83) minutes (p=0.001). A sensitivity analysis 
explored whether the difference in slower door-
to-needle time for Māori could be due to a higher 
proportion residing rurally, with previous reports 
showing slower door-to-needle time in non-urban 
settings.2,9 Indeed, the sensitivity analysis found 
that door-to-needle time for NZ Europeans resid-
ing in non-urban DHBs was significantly longer 
than for urban NZ European door-to-needle time: 
(median (IQR)) 62 (44–86) minutes compared to 
57 (40–82) minutes (p= 0.02), respectively. The 
same trend was observed among Māori. How-
ever, this was not statistically significant. Māori 
non-urban door-to-needle time (median (IQR)) 70 
(51–92) minutes compared to Māori urban door-
to-needle time (median (IQR)) 63 (42–87) minutes 
(p=0.11). However, Māori also had longer door-
to-needle time in the urban setting when com-
pared to urban NZ Europeans: (median (IQR)) 63 
(42–87) minutes compared to 57 (40–82) minutes 
(p=0.048). Similarly, non-urban Māori had a sig-
nificantly longer door-to-needle times compared 
to their non-urban NZ European counterparts; 
(median (IQR)) 70 (51–92) minutes compared to 62 
(44–86) minutes (p= 0.012). There was no signifi-
cant difference between NZ European and Pacific 
patients in door-to-needle time (p= 0.28). Overall 
onset-to-needle time was similar across ethnic 
groups (NZ European vs Māori; p= 0.16, NZ Euro-
pean vs Pacific; p= 0.37, Māori vs Pacific; p= 0.99). 

In 2019, there were overall more men than 
women who experienced ischaemic events (3661 
males versus 3492 females). Female stroke patients 
were on average 4.4 years older than males upon 
presentation (73.7 years versus 69.3 years respec-
tively, p<0.001). The rate of IVT performed in 
females (10.2%) was lower than that in males 
(12.2%); p= 0.01. However, there was no significant 
difference in the rate of SCR (female 4.6%; male 
5.1%; p= 0.29). The overall reperfusion rate was 
lower for females than males (12.7% vs 14.9% p= 
0.02). Median door-to-needle, onset-to-needle, and 
onset-to-groin times, sICH and day seven mortality 
were similar between females and males (Table 4). 

Discussion
IVT and SCR rates have risen considerably since 

2015. IVT rates have seen a steady rise from 6.5% 
to 11.3% and SCR rates have risen even more dra-
matically, from 0.5% to 5.5%. This is likely related 
to increasing implementation of SCR following 
the publication of seven pivotal trials on SCR effi-
cacy in 2015 and 2016.3 Since this initial jump, SCR 
rates have continued to increase more modestly. 

The acute stroke reperfusion therapy rate with 
IVT and or SCR reached 14.0% in 2020 (14.6% 
when “stroke unspecified” patients are excluded). 
Eight hundred and twenty-eight patients were 
treated with IVT and 404 with SCR (201 received 
both) in a population of 5.1 million people. This 
equates to an IVT rate of 162 per million people 
and an SCR rate of 79 per million people. A num-
ber of quality improvement initiatives have led 
to the progress seen in stroke service provision. 
The implementation of the National Stroke Reper-
fusion Register in January 2015 has allowed for 
regular quality-control audits and has provided 
a focus for annual meetings to discuss national 
stroke reperfusion data and quality.2 Such regis-
ters have also been shown to drive improvement 
in stroke service provision overseas.14 Other ini-
tiatives include expanding Telestroke networks, 
regular Ministry of Health FAST campaigns, and 
hospital stroke service improvement projects. 6–8 

Our study found that IVT and SCR pre-hospi-
tal delays were higher in 2020 compared to 2019. 
While this was not statistically significant, it does 
follow an upward trend seen in the last six years. 
This is presumed to be, at least in part, a para-
doxical finding secondary to an increased accep-
tance of treatment in extended time windows and 
increased treatment volumes at smaller centres. 
A drop-in pre-hospital care pathway performance 
is less likely. 

SCR delays continue to improve which is unsur-
prising given SCR services continue to actively 
evolve. More work is ongoing under the recently 
launched Ministry of Health National Stroke Clot 
Retrieval Service Improvement Programme.15 It is 
also encouraging to see stable complication rates 
for both IVT and SCR.

Despite many improvements, areas requiring 
continued effort have been identified. One such 
area is the door-to-needle time for IVT, which 
remains far from the recommended 30-minute 
target. Further, concerns are raised by the 2019 
reduction in reported rate of three-month mRS 
(0–2) after SCR. Some fluctuation of results may 
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be explained by the inconsistency in mRS data 
reporting. However, mRS had remained fairly 
stable between 2011 and 2018. It is possible that 
genuinely more complications were encoun-
tered in the past two years, and this will need to 
be further explored at the individual SCR cen-
tres, although the stable sICH rate provides some 
reassurance. A potential contributing factor may 
be that boundaries are being pushed with more 
patients referred for SCR with poorer baseline 
health status who do not entirely meet trial cri-
teria. This is supported by the finding that over 
50% of SCR patients did not receive IVT, suggest-
ing they had IVT contraindications and may also 
be borderline SCR cases (“mercy cases”). Finally, 
with slowly increasing referrals from regional 
centres it is possible that significant transport 
delays mean more patients reach the angiogra-
phy suite too late to benefit from the procedure. 
This area requires urgent attention and is a focus 
of the National SCR Programme.15 To monitor SCR 
time delays and complications more effectively, 
we have recently introduced additional SCR time 
metrics and details around procedural complica-
tions that will be monitored over time. 

The disproportionate burden of stroke and post-
stoke complications on Māori and Pacific peoples 
have long been documented. Previous studies 
have shown a striking difference in the average 
age of stroke onset in Māori and Pacific peoples 
compared with NZ Europeans.9 The results of our 
study align with existing literature in that Māori 
and Pacific stroke patients were 13.7 and 11 years 
younger on average than NZ Europeans.

Pacific and Māori presented faster to hospital 
suggesting good stroke awareness and pre-hospi-
tal transport access in these populations. However, 
there were greater in-hospital delays for Māori. A 
higher proportion of Māori reside in rural areas 
compared with NZ Europeans and thus slower 
door-to-needle times at regional hospitals may dis-
proportionally affect Māori. 2,8,16 However, a sen-
sitivity analysis exploring the impact of hospital 
location found that Māori had slower door-to-nee-
dle times compared to NZ Europeans even when 
limiting the analysis to either urban or non-urban 
settings. While we were unable to adjust for other 
potential confounders in this study, the recently 
published REGIONS Care ethnicity analysis was 
fully adjusted for age, baseline morbidity, risk fac-
tors, stroke severity, and geography and identified 
additional areas of in-hospital stroke care inequi-
ties.17 Such findings raise concern about potential 
racial discrimination within New Zealand stroke 

services. This will require careful consideration to 
plan potential interventions and should be moni-
tored going forward. 

As part of the 2019 analysis, we also explored 
sex-related differences in reperfusion therapy. It 
is well-known in the literature that women tend 
to present with stroke at an older age than men 
and with a different profile of risk factors.15 Pre-
vious studies have also found that women are less 
likely to receive IVT despite gaining more net clin-
ical benefit than men, especially at an older age.18 

While older age may make some clinicians more 
reluctant to treat and may thus provide a poten-
tial explanation, other studies have also found 
that suitable female candidates are more likely 
to be labelled stroke mimics and can inadver-
tently miss out on treatment.18 This may be due 
to more frequent atypical presentations or uncon-
scious bias. One study found that when age was 
corrected for, there were no significant sex-re-
lated differences in quality of care.18 As our data 
were not adjusted for age, it should be viewed as 
explorative and interpreted with a degree of cau-
tion. Further analysis adjusting for age, severity, 
and baseline morbidity is important. 

Our study has several limitations. Firstly, it is 
difficult to validate all data entered into the clini-
cal register by up to 60 front line clinicians across 
the country. Therefore, despite the thorough and 
meticulous system of manual data checking and 
cleaning that has been implemented to miti-
gate any errors, it is possible that some mistakes 
remain. Secondly, the crude outcome measure of 
“alive or discharged at day seven” does not rep-
resent the long road of rehabilitation undertaken 
by stroke patients. To improve this, reporting of 
three-month mRS became mandatory in 2019. 
Despite this, only 50.1% of records included this 
information in 2020 (down from 54.3% in 2019). 
To fairly represent the New Zealand post-stroke 
experience, we must work to increase these num-
bers. While the main outcomes of interest were 
intervention rate, sICH and seven-day mortal-
ity, we conducted multiple additional analyses. 
Due to the number of comparisons conducted, 
there is a possibility that some significant results 
occurred based on chance alone and these sec-
ondary comparisons should thus be interpreted 
with caution. The inability to update denomina-
tor data for 2015 and 2016 will have impacted the 
precision of historical intervention rate compar-
isons, however; given the substantial increases 
in intervention rates over time it is very unlikely 
that the subtle changes in denominator val-
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ues will have impacted the overall conclusions. 
Finally, the analyses by ethnicity and sex were 
not adjusted for potential confounders such as 
age, stroke severity, risk factors and time delays 
and should thus be viewed as primarily explor-
atory and interpreted with a degree of caution. 
A sample size was not prospectively determined, 
and we cannot exclude that significant findings 
were missed due to the lack of study power. 

Despite these limitations, the completeness 
of data in our register—which includes every 
patient who underwent reperfusion in New Zea-
land—strengthens our observations. This mini-
mises selection bias and allows for the accurate 
analysis of trends in stroke service provision over 
time.

Conclusion
Reperfusion therapy rates and treatment delays 

continue to improve although appear to gradu-
ally plateau. Complications and mortality have 
remained stable. The reduction in favourable 
outcomes following SCR over the last two years 
is likely related to widening inclusion criteria for 
patient selection and/or greater delays for more 
patients due to rising regional transfers. Both 
require further investigation and mitigation. Eth-
nic disparities identified include the longer door-
to-needle time observed in Māori not explained 
by geographic factors. Women accessed reperfu-
sion therapy less frequently, potentially explained 
by older age at presentation. Both require further 
exploration and action.
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Table 5: Differences in rates of reperfusion in males and females (2019)

Female Male p-value

Strokes, n 3492 3661

Age, mean (SD) 73.7 (15.3) 69.3 (14.6) <0.001

IVT rate, n/N (%) 357/3492 (10.2) 448/3661 (12.2) 0.007

SCR rate, n/N (%^) 159/3492 (4.6) 187/3661 (5.1) 0.33

Reperfusion Rx, % (n/N)* 445/3492 (12.7) 544/3661 (14.9) 0.007

Onset-to-door time, median 
(IQR) minutes

81 (54–120) 80 (52–120) 0.42

Door-to-needle time, median 
(IQR) minutes

59 (45–85) 62 (44–83) 0.55

Onset-to-needle time, median 
(IQR) minutes

146 (113–190) 145 (114–200) 0.63

Onset-to-groin time, median 
(IQR) minutes

270 (198–435) 275 (182–459) 0.62

sICH, n (%) 19/445 (4.3) 21/544 (3.9) 0.75

Deceased at 7 days, n/N (%) 45/445 (10.1) 44/544 (8.1) 0.27

Telestroke rate, n/N (%) 86/357 (24.1) 94/448 (21.0) 0.29

Presented out of hours, n/N (%) 244/442 (55.2) 331/540 (61.3) 0.67

mRS 0–2 at 3 months, n/N (%) 104/198 (52.5) 153/249 (61.4) 0.22 
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