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ABSTRACT

incidences of aneurysmalahyasid haemorrhage
(aSAH) during the early stages of thelGOVID-

severity of aSAH presentation, and ruptured aneu

S — treatment modality during the rst year of thel®0OV
?ﬁ;’ﬁﬁ%’”ggﬂ;:ntolaoston pandemic compared with the preceding year
University School of Medicine[\/lethqu We condu_cted a crgsstional study
Boston, MA 02118, Uaph. including 49 countries and 187 ceNtescorded
nguyen@mcorg and Raul G. volumes for CO\Ihospitalisatio@SAH
Nogueira, Cerebrovascular - hospitalisations, Httetss @de, coiling, clipping and
,\C/Ie”t.e“ University of Pittsburgig a1y jhospital mortaliiagnoses were identi ed b

edical Center, 200 Lothrop . . ; . .
Street, Pittsburgh, PA, USA; International Classi cation of Diseases, 10th Revis
RauGNogueira@ouccom  codes or stroke databases from January 2019 to N

2021.

Results Over the study peribeye were 16 247
},';\SAH admissions, 344 491 O\A@missions
8300 ruptured aneurysm coiling and 4240 rupture
aneurysm clipping procedures. Declines were obs
aSAH admissions ( 6.4% (95% CI 7.0% to 5.8%)
p=0.0001) during the rst year of the pandemic
compared with the prior year, most pronounced in
volume SAH and highsame Q@D19 hospital$here
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was a trend towards a decline in mild and moderatePRACTICE OR POLICY

presentations of subarachnoid haemorrhage (SAH
5% (95% CI 5.9% to —4.3%), p=0.06; moderate:
8.3% (95% CI 10.2% to —6.7%), p=0.06) but no
difference in higher SAH severity. The ruptured an
clipping rate remained unchanged (30.7% vs 31.2

Background Prior studies indicated a decrease in hdVHAT IS ALREADY KNOWN ON THIS TOPI

pandemitVe evaluated differences in the incidence,

A decline in namaumatic subarachnoid

haemorrhage (SABNeurysmal subarachnoi

haemorrhage (aSAH) hospitalisations and

ysmruptured aneurysm coiling has been report

D- during the rst wave of the pandemic. A
relative increase in ruptured aneurysm coil
was noted in loweiling volume hospitals of
41.1% despite a decrease in SAH admissi
this tertile

WHAT THIS STUDY ADDS

;lon At the lyear followsp we con rm a continue
/Iay’ decline in aSAH admissions ( 6.4% (95% ¢
7.0% to 5.8%)) compared with the prior
year, mostly driven by a decline in the mild
and moderate presentation of aSAH, but n
f difference noted in patients with higher se\
nrVe@:‘irz]:lSAH. Another new nding is an increas
i e ruptured aneurysm coiling rate but neit
change in ruptured aneurysm clipping rate
highghange in aSAHhospital mortality.

HOW THIS STUDY MIGHT AFFECT RESEAR
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) (MdSAH ndings atykar are concordant with
a decrease in other emergencies such as
ischaemic strekA stable aSAH mortality

Eurygiife may attest to the resilience of hospital

0, in the care of patients with aSAH during th

D

p=0.58), whereas ruptured aneurysm coiling incre

asedpandemic.

(53.97% vs 56.5%, p=0.009). There was no differ
in aSAH inespital mortaligte (19.1% vs 20.1%,
p=0.12).

ConclusionDuring the rst year of the pandémie

1CT

continued throughout the globe, there has been

was a decrease in aSAH admissions volume, drivéadsgasing recognition of the systemic effects of

a decrease in mild to moderate presentation of aS

Rfection. In addition to respiratory symptoms,

There was an increase in the ruptured aneurysm cef@vgP- 19 infection disrupts normal coagulation.

rate but neither change in the ruptured aneurysm
clipping rate nor change in aStd$pital mortality.
Trial registration number NCT04934020.

| '.) Check for updates
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INTRODUCTION

More than 2years since the identification of the
first case of COVID-19 in December 2019, the
global COVID-19 pandemic has resulted in more
than 400million cases and close to Billion deaths
worldwide. As the COVID-19 pandemic has

To cite: SVIN COMID-
Global SAH Regiskiyleurg
Neurosurg Psychiatry
2022;93:1028-1038.

Aberrations in coagulationmay serve as a source for
abnormal clotting events such as venous thrombo
embolism, stroke and abnormal bleeding.

During the first wave of the COVID- 19 pandemic,
marked declines in patients presenting with acute
cerebrovascular conditions were observet?
including patients with non-traumatic subarach-
noid haemorrhage (SAH)* °'° Our initial report
demonstrated declines in nontraumatic SAH

i
UKDJH D6$+ i KRVSLWDO
first 3 months of the pandemic as compared with

1028 SVIN COVID-Global SAH Registry. J Neurol Neurosurg Psychiatry

2022;93:1028-1038. doi:lO.1136/jnnp—2022-3292@MJ
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Cerebrovascular diseas

Figure 1 (A) Study owchart. (B) World map of study countries. SAH, subarachnoid haemorrhage; SVIN, Society of Vascular and Int

the corresponding 3 months of the prior year. A singleeentre
study from Lille reported greater disease severity and delayed
presentation among patients with aSAH-

Ruptured aneurysm coiling procedures also declined overall,
but an increase in coiling procedures at lowrolume centres
suggested a potential shift in treatment.Higher mortality, longer
intensive care unit (ICU) stays and longer hospitalisatiori$
have been observed in patients with both SAH and COVIDt9
compared with those with SAH alone®® The long-term 1-year
repercussions of the CQ/ID-19 pandemic on aSAH admission
volumes havenot been studied, and it is unknown whether the
declines during the first wave of the pandemic were related to a
change in the severity of disease presentation.

Objectives and prespeci ed hypothesis

The primary objectives of this study were to evaluate changes
in the volume of non-traumatic SAH, aSAH hospitalisa-
tions and aSAH in-hospital mortality during the first year of
the COVID-19 pandemic (1 January 2020 to 28 [Ebruary
2021) compared with the preceding year (1 January 2019 to
29 February 2020), adjusted by the beginning month of the
pandemic by country. The secondary objectives were to eval-
uate the severity of aneurysmal aSAH admission presentation,

the modality treatment of aSAH and the associations between
COVID- 19 admission volumes and aSAH volumes over the
same period.

Our primary hypothesis was that, similar to the first wave,
there would be a decrease in SAH and aSAH hospitalisations
between the first year of the COVID-19 pandemic and the
preceding year Our secondary hypothesis was that there could
be a shift toward increased use of ruptured aneurysm coiling as
we had observed in the first wave of the pandemic.

METHODS

Study design

We conducted a crosssectional retrospectivestudy evaluating

consecutive patients hospitalised with a diagnosis of subarach

noid haemorrhage between 1 January 2019 and 31 May 2021.

Primary data collection was conducted between 1 May 2021 and

6HSWHPEHU $ SK\WVLFLDQ RU UHV

fied cases at each site, and followsp queries to sites by the lead

DXWKRU ZHUH FRPSOHWHG E\
This study followed the Strengthening the Reporting of Obser

vational Studies in Epidemiology reporting guideline.

SVIN COVIDB-Global SAH RegidtNeurol Neurosurg Psychiatry 2022;93:1028-1038. d0i:10.1136/jnnp-2022-329200

1029

'1qf§Mdoo AQ pa129101d "BIIOSU0D BleoI)
‘6T 1snBny uo /wod"lwg-duuly/:dny &0y papeojumoq ‘220z ANt 82 Uo 00262£-2202-duul/ogTT 0T se paysiignd 1sil) :AreiyoAsd BinsoinaN [oinaN ¢

-DQXDU\

28I\ JO SISISIS 1e 720¢

H

[endsoH [eoiud A

tio

U


http://jnnp.bmj.com/

Cerebrovascular disease

Figure 2 aSAHgoiling, clipping, mortality, CO¥ HalmissioresSAH, aneurysmal subarachnoid haemorrhage.

Setting and participants
Data were collected from collaborators of the Society of Vascular
and Interventional Neurology, the Middle East North Africa
Stoke and Interventional Neurotherapies Organisation, the
Japanese Interventional Neurology Society, the European Stroke
Organisation, the Latin America Stroke Group and academic
partners.
21
the impact of COVID- 19 on cerebrovasculardisease (including
stroke, cerebral venous thrombosis and subarachnoid haem-
orrhage), data were received from 268 centres. Of these 268
centres, 74 centres did not submit SAH data and 1 had partial
SAH data. There were six centres removed from the Czech
Republic to ensure no data duplication because these centres
referred patients with SAH to other centres that submitted
SAH data in this cohort. This yielded 187 centres for this study
cohort (figure 1A,B). The study size was based on the number of
submitted cases with complete data for each variable.

The start date of the COVID-19 pandemicin each country was
determined as the date of the first reported case. We defined the
second wave of the COVID-19 pandemicusing two definitions.
Our primary definition was a minimum doubling of case volume

IROORZLQJ D -
the case volume minimum closest to the second wave. Our
secondary definition was the primary definition plus a minimum
of 2 months between the peak of the first wave and the start
of the second wave. Centres were divided by lowvolume,
intermediate-volume and highvolume strata by mean monthly
volume tertiles for COVID- 19 hospitalisation submitted data
YV ! WR YV

Study variables and outcome measures

We collected data on monthly aSAH, nontraumatic SAH hospi-
talisation volume, aSAH inhospital mortality, ruptured aneu-
rysm treatment modality with coiling or clipping, and COVID- 19
hospitalisation volume. Non-traumatic SAH hospitalisation
included patients with aSAH, perimesencephalic SAH or spon-
taneous convexal SAH. aSAH included patients who presented
with ruptured aneurysm. Centres were divided by lowvolume,
intermediate-volume and highvolume centres by mean monthly

volume tertiles for aSAH hospitalisation submitted data prior to
WKH SDQGHPYW ! WR 'YV

For patients with aSAH, we categorised aSAH severity
according to the Hunt and Hess (HH) scale: grade 1 or 2 as
PLOG VHYHULW\ JUDGH DV PRGHUDW
severe. Mortality data were obtained for aSAH admissions and
were defined as a patient with aSAH who died inhospital or was

FHQWUHY LQYLWHG WR SDUW.LF LiDy\trensitiQnedts hogpidesTRED O VW X G\ R

SAH datawere obtained by a prospectively maintained aneu-
rysm database or by International Classification of Diseases,
10th Revision (ICD-10) codes: 160 (nontraumatic SAH), 160.0
(non-traumatic SAH from carotid siphon and bifurcation), 160.1
(non-traumatic SAH from middle cerebral artery), 160.2 (non-
traumatic SAH from anterior communicating artery), 160.3
(non-traumatic SAH from posterior communicating artery),

, QRMUDXPE¥WLFURP EDVLODU DUWH
traumatic SAH from vertebral artery), 160.6 (non-traumatic
SAH from other intracranial arteries), 160.7 (non-traumatic SAH
from intracranial artery, unspecified) 160.8 (other non-traumatic
SAH) and 160.9 (non-traumatic SAH unspecified).

COVID- 19 hospitalisation was defined as a patient admitted
using ICD-10 code UQO7.1 (COVID-19, virus identified),

GHFOLQH LQ FDVH Y RiOcKHiRY thabR WithddKaH-he & d)dgdival iRagnosis.
wave’s peak. The start date for this occurrence was chosen as

Standard protocol approvals, registrations and patient
consents

This was an investigatorinitiated study. There were no protected
health information data collected in this study.

Bias

Data collection was completed more than 3 months after the
final date of patient inclusion to ensure complete data capture
including mortality events. Data verification was conducted
by the lead author (TNN) on receipt of site data and centres
with incomplete data were excluded from the subgroup anal
ysis in which the data were missing. Centres contributing data
within a stroke network were instructed to include trans-
ferred patients at the site of initial evaluation only. COVID-19
waves were evaluated based on publicly available data and

the actual dates may not have been captured, especially early

1030
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Cerebrovascular diseas

Table 1 (A) aSAH admissions overall and monthly volumes beforegtitedCi@VID9 pandemi¢B) SAH admissions by severity: overall an

monthly volumes before and during the CO\fi@&zdemic

(A)

Overall volume

Monthly volume*

B During Change Before COVIO9 During COVIOY P value
N COVIDE9t COVID:9t % (95% CI) P value N Adjusted mean (SE)

Overall 165 6912 6471 6.4 (7.0to 5.8) 0.0001 172 3.84 (0.75) 3.62 (0.74) 0.03
Hospital aSAH volume§
Low 56 422 471 11.6 (8.9 to 15.0) 0.101 57 0.56 (0.09) 0.64 (0.11) 0.142
Int. 53 1460 1472 0.82 (0.47 to 1.4) 0.825 56 2.28 (0.12) 2.28 (0.15) 0.977
High 56 5030 4528 10.0 (10.8to 9.2) <0.0001 59 8.14 (1.41) 7.42 (1.39) 0.008
Hospital aSAH volume strati ed by hospital AQVHameY
Low 49 1788 1833 2.5(1.9t0 3.4) 0.455 52 2.94 (1.02) 3.0 (1.03) 0.657
Int. 46 1456 1368 6.0 (7.4t0 4.9) 0.098 46 2.19 (0.73) 2.03 (0.68) 0.19
High 47 2275 2074 8.8(10.1to 7.7) 0.002 49 3.77 (1.18) 3.40 (1.15) 0.137
(B)

Overall volume

Monthly volume*

-z20z-duuljoeTT 0T Se paysignd 1s1y :Aneiydhsd Binsoinapioinan ¢

Before During Change Before COVIDO-9 During COVI® P value
N COVIDt9t COVIDE9t % (95% ClI) P value N Adjusted mean (SE)

Mild 125 2698 2562 5.0(5.9to 4.3) 0.061 125 1.92 (0.37) 1.83 (0.36) 0.205

Mod. 125 981 900 8.3(10.2t0 6.7) 0.062 125 0.60 (0.09) 0.55 (0.09) 0.204 e}

Severe 125 1508 1490 1.2(1.9to 0.75) 0.742 125 0.87 (0.16) 0.86 (0.17) 0.78 é

Table 1b: Mild, moderate and severe cases were de nedHesklgnades 1-2and 4-5, respectively. 125 hospitals submitted completentaiéh@epandemic and g'

pandemic data on grades (@)

*The monthly volume analysis is adjusted for the date of peakdG@WiDe for each counting start date of the second wave and the continent. g

tNumber of admissions during 12 months beforelO@dtidlemic. 2

FNumber of admissions during 12 months/bC®pandemic;. gr.

8P walue: low versus int. 0.0001; low versus high=N/A; int. versus high=N/A. :

P value: low versus int.=N/A, low versus high=N/A, int. versus high=0.002. -0—9

aSAH, aneurysmal subarachnoid haemorrhage; int., intermediate; mod., moderate; N/A, not applicable; n, number of hospitals; SAH, subarachnoid haemorrhag;.
o
®
o

in the pandemic and in nations where testing was not widely 7K H &,V IRU SHUFHQWDJH FKDQJHZZH

available. In nations with extremes of COVID-19 incidence,
pandemic waves were obscured and not well captured by our

definitions for the second wave of the pandemic.

Statistical analysis

We compared percentage change in the absolute number of
aSAH admissions, nontraumatic SAH admissions, the severity
of aSAH, endovascular coiling, aneurysm clipping, and
aSAH mortality before and during the COVID-19 pandemic.

the Wilson procedure without correction for continuity.
The differences in admissions across the two periods were
assessed for significance using the Poisson means test. Th
analysis was repeated within categories of hospital aSAH
volume (low, intermediate or high) and hospital COVID-19
volume (low, intermediate or high). The relative percentage
decrease in volume between different categories (eg, low vs
intermediate hospital volume) was tested using the et of
proportion.

uAdoa

Wb

Table 2 aSAH admissions overall and monthly volumes per continesmdelfiaiag the COVIBDpandemic

Overall volume

Monthly volume*

During
Change Immediately before COVID:9

N nl n2 % (95%Cl) P value N Adjusted mean (SE) P value
Overall 165 6912 6471 6.4 (7.0to 5.8) 0.0001 172 3.84 (0.75) 3.62 (0.74) 0.030
Europe 59 2056 1944 5.4 (6.5t0 4.6) 0.077 62 2.90 (0.33) 2.74 (0.36) 0.290
North America 48 1856 1849 0.38(0.78to 0.18)  0.908 48 3.22 (0.51) 3.21 (0.46) 0.908
Asia 45 2340 2178 6.9 (8.0to 6.0) 0.016 48 4.28 (0.81) 4.03 (0.72) 0.270
South America 8 435 291 33.1(37.7to 28.8) <0.0001 9 4.84 (2.09) 3.28 (1.36) 0.121
Africa 4 146 146 0.0 (0 to 2.6) 1.0 4 3.04 (0.23) 3.04 (0.23) 1.0
Oceania 1 79 63 20.3(30.4to 12.9) 0.180 1 - - -

*The monthly volume analysis for each continent is adjusted for the date of pEak@@weéder each country and the start date of the sacenthe overall monthly

volume analysis is also adjusted for the continent.

.aSAH, aneurysmal subarachnoid haemorrhage; n1, number of admissions during 12 months béf@gathde@@yADiumber of admissions during 12 months of
COoVIO9 pandemier, number of hospitals; SAH, subarachnoid haemorrhage.

SVIN COVIDB-Global SAH RegidtNeurol Neurosurg Psychiatry 2022;93:1028-1038. d0i:10.1136/jnnp-2022-329200 1031
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Cerebrovascular disease

Figure 3 HuntHess gde presentation and CQ9l&dmissions

In addition to absolute volume analysis, we also compared
average monthly volumes (admissions/month) for the periods
mentioned previously. The data were analysed in a mixed design
using a repeatedmeasures analysis of variancROC MIXED
analysis in SAS) accounting for the paired data structure and
potential covariates. The unstructured matrix was the best fit
and was used for the analyses. The monthly hospital volume
analysis was adjusted for the date of peak COVIO9 volume
for each country, the start date of the second wave and the
continent. Estimated marginal means were calculated using the
LSMEANS statement in PROC MIXED. The monthly volume
analysis was stratified by aSAH and COVIDL9 volume like the
overall volume analysis.

Finally, we compared aSAH inhospital mortality rate (aSAH
mortality/aSAH admissions) before and during the COVID19
pandemic using the ? test. The difference in in-hospital mortality

in patients with aSAH with or without concomitant COVID- 19 RI D6$+ PLOG 7 &, 1 WR 2
wasalso tested using the 2 test. All data were analysed using SAS PRGHUDWH i &, 2 WR 2 S
9 DQG WKH VLIQLILFDQFH OHYHO1RD Vv diffgrepog npted ity patiexts) with higher severity of aSAH

adjustments were made for multiple hypothesis testing.

Data availability
Data are available on reasonable request from the corresponding
author.

RESULTS

Over the study period from January 1, 2019, to May 31, 2021,
there were 20680 non-traumatic SAH admissions and 344,491
COVID-19 admissions among participatingcentres. Of these,
there were 16,247 aSAH admissions. There were 8300 endovas-
cular coiling procedures and 4240 aneurysmal clipping proce-
dures over the study period figure 2).

1-year aSAH admissions

There were 6912 patients with aSAH admissions fear prior to
the pandemiccompared with 6471 during the pandemic, repre-
VHQWLQJ D GH&UHDWMR 2 S

table 1A) with continental variation (table 2). Monthly aSAH
DOVR GHFOLQHG IURP D PHDQ RI
patients per month, per centre. The decline in aSAH was most

6(WR 2 WR

SURQRXQFHG'ROXREHIK KRVSLWDOV i
2 WR 2 S DQG KLRRX&®n9,'
KRVSLWDOV &, 2 WR 2 S
Non-traumatic SAH admissions also exhibited decline over the

82 U0 00262£-2202-duuljoeTT 0T se paysiignd 1suyy :Aireiyohsd Binsoina oinaN

VDPH WLPH SHULRG RYHUDOO i
S PRQWKO\ PHDQ 6 ( WR
S RQOLQH VXSSOHPHQWDO WDEOHE

declines were most marked in high nortraumatic SAH volume
and high-volume COVID-19 centres (online supplemental table
S1).

Severity of aSAH presentation

7TKHUH ZHUH KRVSLWDOV WKDW VXEP
severity on presentation using the HH grading scale. There was

a trend towards a decline in mild and moderate presentations

& papeojumoq ‘2262 Aw%"

"ybuAdoo Aq pa1oailold "eiiosyoD eneoid

(table 1B and figure 3).

Ruptured aneurysm coiling

Overall, there were no changes in endovascular coiling of
ruptured aneurysms before and during the pandemic. In
subgroup analysis, hospitals with low aSAH volume prepan-
demic exhibited an increase in coiling procedures for ruptured
DQHXU\VPV &, WR S
F H Q Wabld 8A). No difference in coiling volume was seen
across hospitals with lowvolume, intermediatevolume or high-
volume COVID- 19 hospitalisation.

Ruptured aneurysm clipping
Overall, there was a decline in aneurysm clipping procedures for
ruptured aneurysms in the lyear before and during the pandemic

i &, T WR 2 S Q FHQ
table 3B). The decline was most prominent in centres with high
D6$+ YROXPH SULRU WR WKH SDQGHPLF
S 6( DQG ZLWK KLKRV&2L9N'D
WLRQ EXUGHQ i &, T WR 2

D A&IBIN JO SIBISIS 1@ ¥20g ‘6T Isnbny uo jwod fwg-duul/eny wo
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Cerebrovascular diseas

Table 3 (A) Endascular coiling admissions overall, monthly volumes before and during iBep@@éiand (B) surgical clipping
admissions overall and monthly volumes before and during tHe @a@wiBmic

months of COVII¥ pandemidy/A, not applicable; n, number of hospitals; SAH, subarachnoid haemorrhage.

Rate of ruptured aneurysm coiling or clipping medium-volume aSAH hospitals demonstrated no change in
There were 132 centres that reported complete data on aSAH mortality during or prepandemic (table 4).

admissions, coiling and clipping in the lyear before and during

the pandemic. In this cohort, while the number of aneurysm  cOvID-19 and aSAH

clipping declined numerically, the rate of aneurysm clipping of  There were 42 centres that submitted data on the concomi-
the total aSAH admissions remained unchanged in the previous tant presence of COVID-19 and aSAH, which was present in

[
P
@
c
S
Z
@
<
(A) S
S
Ovenll volume Monthly volume* «
Before During ;u?
Change COVID:9 COVID19 P value S
N n1 n2 % (95%CI) P vaue N Adjusted mean (SE) )
<
Overall 152 3464 3374 2.6(3.2to 2.1) 0.276 166 2.06 (0.44) 2.02 (0.43) 0.518 -
Hospital endovascular coiling volume strati ed by prepandemic aSAH volumett Q
Low 42 183 231 26.2 (20.4t033.1)  0.019 47 0.35 (0.09) 0.45 (0.10) 0.058 T
Int. 54 842 813 3.4 (4.9t0 2.4) 0.476 56 1.28 (0.15) 1.26 (0.15) 0.783 %
High 50 2240 2135 4.7 (5.7to 3.9) 0.112 55 4.13 (0.82) 3.97 (0.81) 0.269 a
Hospital endovascular coiling volume strati ed by hospital G@vllbret+ g‘
Low 45 851 870 2.2 (1.4 to0 3.5) 0.647 49 1.44 (0.46) 1.48 (0.45) 0.729 ﬁ
Int. 42 798 828 3.8 (2.7t0 5.3) 0.457 45 1.35 (0.45) 1.41 (0.44) 0.495 S
High 44 1047 990 5.4 (7.0t0 4.2) 0.207 48 2.12 (0.78) 2.0 (0.78) 0.273 by
<y
B =
(B) 3
Overll volume Monthly volume* 'E)
Before During 8
Change COVIDE9 COVIDE9 P value B
N nl n2 % (95%CI) P value N Adjusted mean (SE) B
N
Overall 140 1848 1676 9.3(10.7to 8.1) 0.004 151 1.29 (0.42) 1.18 (0.43) 0.067 g 8
Hospital clipping volume strati ed by prepandemic aSAH volume88§ %_ g
Low 40 91 101 11.0 (6.1 to 19.1) 0.471 45 0.13 (0.05) 0.14 (0.06) 0.616 on
Int. 50 350 368 5.1 (3.3 t0 8.0) 0.502 51 0.61 (0.11) 0.63 (0.12) 0.826 S o
High 47 1392 1202 13.6 (15.6 to 12.0) 0.0002 51 2.65 (0.90) 2.32(0.93) 0.034 (_3;2
Hospital clipping volume strati ed by hospital COWi@ume g’ §
Low 45 650 672 3.4(22t05.1) 0.545 47 0.40 (0.68) 0.44 (0.72) 0.655 N
Int 37 411 387 5.8 (8.5t0 4.0) 0.396 41 0.68 (0.46) 0.63 (0.48) 0.308 % 9
High 42 519 401 22.7(26.5t0 19.3) 0.0001 44 1.16 (0.29) 0.89 (0.23) 0.102 %g
*The monthly volume analysis is adjusted for the date of peakoG@MWiDe for each counting start date of the second wave, and the continent. o g
TP value: low versus int.=N/A, low versus high=N/A, int. versus high=0.115. 5<7 %
FP value: low versus int.=0.056, low versus high=N/A, int. versus high=N/A. 8 o
8P value: low versus int.=0.040, low versus high=N/A, int. versus high=N/A. & —0'1“
9P value: low versus int.=N/A, low versus high=N/A, int. versus high 0.0001. é 3
aSAH, aneurysmal subarachnoid haemorrhage; int., intermediate; n1, number of admissions during 12 monfiesgzefdesr@@V iimber of admissions during 12 2 =
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\HDARRPSDUHG ZLWK GXULQJ WKH SDQGHPLF RI SDWLHQWYV ZLWK D6%$+ DQGE
YV S ZKHUHDV WKH UDQydhvidl 19 @diissions Ber thefirst year of the COVID-19 5
FRLOLQJ LQFUHDVHG YV pandemic (WD BO H o
S N
D
DISCUSSION 1)
SAH mortality In this multinational, cross-sectional study we observed a 2}
In patients with aSAH, there was no difference in the inhospital GHFUHDVH LQ D6%+ DGPLVVLRQV GX U%ﬁ Q

or short-term mortality rate in the 1 year prepandemic compared  COVID- 19 pandemic compared with the lyear period prior
ZLWWKH ILUVW \HDU Rl WKH SDQGHPLF to the pandemic. Yhé decrease in aSAH admissions was most
S ,Q VXEJURXS DQDO\VL Vprofehe :DtheHt&xtileZ bMhigh- volume aSAH hospitals and
the prepandemic year, there was an increase in aSAH mortality high-volume COVID-19 hospitals, whereasa non-significant
during the pandemic year in hospitals with higher tertile aSAH  numerical increase in aSAH volume was seen in lowelume
YROXPH YV S aSAH and low~volume COVID-19 hospitals, respectively We
DQG KLJK &28RVSLWDOLVDWLRQ E XU G H Gherefore concede with the possibility that aSAH rates may not
YV S tahlel ow-volume and have changed, and that patients were shifted to being treated
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Table 4 SAH irhospital mortality rateyéar previously compared
with lyear during the ®@19 pandemic

Overall volume

Mortality P
N aSAH admissions Mortality rate (%)  value
Overall
Before COVID 144 5918 1129 19.08 0.12
During COVID 5654 1181 20.89
Hospital aSAH volume: low
Before COVID 46 325 94 28.92 0.936
During COVID 377 108 28.65
Hospital aSAH volume: medium
Before COVID 51 1402 310 2211 0.678
During COVID 1407 302 21.46
Hospital aSAH volume: high
Before COVID 47 4191 725 17.30 0.003
During COVID 3870 771 19.90
Centre COVIT® volumelow
Before COVID 47 1772 293 16.53 0.872
During COVID 1812 296 16.34
Centre COVID®» volumeintermediate
Before COVID 42 1421 296 20.83 0.116
During COVID 1334 311 23.31
Centre COVIT® volumehigh
Before COVID 41 2035 445 21.87 0.003
During COVID 1907 495 25.96

The periods before and during CO8/fandemic were de ned as 12 months
before and during the \@D19 pandemicgspectively.

aSAH, aneurysmal subarachnoid haemorrhage; n, number of hospitals; SAH,
subarachnoid haemorrhage.

at lower-volume COVID-19 hospitals if high-volume hospitals
were overwhelmed with COVID-19 hospitalisations. A similar

RYHUDOG®GHFUHDVHMWUQ XQRIW DISPLVVLRQ ZDY¥RYOIMRI D6$S+ DUH KLIJK HVWLPDWRG

REVHUYHG 7KHUH ZDV D GHFOLQH RI
rysm clipping procedures for ruptured aneurysms performed
but no difference in the number of endovascular coiling proce-
dures. Moreover, the decline in ruptured aneurysm clipping
was proportional to the decline in aSAH admission as the rate
of aneurysm clipping was unchanged between the two epochs,
whereas the rate of endovascular coiling per aSAH admission
increased, suggesting a shift in treatment toward coiling.

Over the same time period, there was a trend toward a decline
in presentation of both mild and moderate aSAHSs, similar to
reported decreases in the mild presentation of ischaemic stroké.
There was no change in the inkospital or short-term mortality
rate between the year priorto and during the pandemic, attesting

to the emergency preparednes$ and resilience of hospitals in
the care of patients with aSAH in the face of a global pandemic.
However, the in-hospital or short-term mortality rate increased
at high-COVID- 19 volume and high-aSAH volume centres. To
our knowledge, this is the first report to examine the effect of
the COVID-19 pandemic on aSAH admissions, the severitgf
aSAH presentation, coiling and clipping volumes, inhospital
aSAH mortality over the lyear of the COVID-19 pandemic
compared with the previous yeay across a large multinational
cohort.

The mortality of patients with both COVID- 19 and SAH has
been reported to be more than four times greater compared
with patients with SAH alone, likely attributed to concomitant
comorbidities.™® Both prior to and during the pandemic, aSAH
mortality was inversely related to centre aSAH volume tertile
and directly related to centre COVID-19 volume tertile. During
the pandemic, mortality rates were unchanged at lowolume
and moderatevolume centres and were increased at highelume
FHQWRUWERWK D6$+ IURP WR

IURP WR

D &G
7KLV LQFUHDVHG PRUWRO|

LQ FRQMXQFWLRQ ZLWK D GHFUHDVH LQSD

KLIK6S¥ROXPH FHQWUHYV D&2G,"’
centres.

The decline in aSAH and nontraumatic SAH observed
in this study mirrors the decreases in SAH volumes that have
been previously reported® ® *° *® during the first wave of the
pandemic, whereas other centres have reported no change in
aSAHvolumes?® 7KH REVHUYHG GHFUHDVH RI
volume in our study was driven by a decreased presentation of
PLOG DQG PRGHUDWH D6%$+V DW D
expected, no change in the presentation of severe aSAH was
observed. Patients with symptoms of mild or moderate aSAH may
have been less likely to present to a hospital due to the perceived
danger of medical facilities during the COVID-19 pandemic.
Rebleeding and neurological deterioration rates within the first

L QU A\ SiH B WAt @utdl liks iy igsklt in patients with
initially mild or moderate aSAH progressing to severe aSAH and
presenting to a hospital. However, no increase in severe aSAH
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was observed, suggesting that lack of patient presentation does :;'
not sufficiently explain the decline seen in mild and moderate g'
aSAHSs. Late recurrence of treated aSAH is estimated to occur in g
2 DQQXDOLVHG ULVN LQ WUHDWHG 8B
than matched controls?® ** The rate of recurrent bleeding in 9
untreated patients with aSAH may be higher. 3
Among 140 centres reporting surgical clipping, there was =]

D GHFOLQH RI LQ WKH QXPEHU RI
dures for ruptured aneurysms performed but no difference in
WKH QXPEHU RI

Table 5 Rates of concomitant\@D19 and aSAH admissions

Fraction of aSAH Fraction of COVIO-9

N COVIDE9 and aSAH aSAH ot COVID19 overall % (95%Cl) % (95%Cl)

Overall 42 60 2651 85506 2.3(1.8t02.9) 0.07 (0.05 to 0.09)
Europe 11 19 459 18764 4.1 (2.7 t0 6.4) 0.10 (0.06 to 0.16)
North America 19 36 862 45952 4.2 (3.0t05.7) 0.08 (0.06 to 0.11)
Asia 8 0 1117 5983 0(0t00.3) 0.00 (0.00 to 0.08)
South America 8 1 113 7676 0.9 (0.2t0 4.8) 0.01 (0.00 to 0.07)
Africa 1 4 100 7101 4.0(1.6t09.8) 0.06 (0.02 to 0.15)
Oceania 0 - - - -

aSAH, aneurysmal subarachnoid haemorrhage; n, number of hospitals; SAH, subarachnoid haemorrhage.
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Aneurysm clipping procedures declined most in centres with  City Medical Center General Hospital); Petra Sedova, MD, PhD (Department@f
high aSAH volume prior to the pandemic and in centres with Neurology, International Clinical Research Center, St. Anne’s University Hospital

- ) AR . Faculty of Medicine, Masaryk University, Brno, Czech Republic; Department gf
high COVID- 19 hospitalisation burden. Meanwhile, at centres Internal Medicine and Cardiology, University Hospital Brno, Brno, Czech Remiblic

with low aSAH volume prepandemic, there was an increase of  Espen Saxhaug Kristoffersen, MD, PhD (Department of Neurology, Akershu$2
LQ FRLOLQJ SURFHGXUHV IRU U XS Wity Bospit&) HnX&isity & Wslo, D¥dINGay); Mahmoud Mohammadzn, |

observed changes of relatively more endovascular coiling were (Emory University School of Medicine); Argentina: Virginia Pujol Lereis, MD (;;[,Jivis

de Neurologia Vascular, Departmento de Neurologia, Institute for Neurologi
also observed during the first wave of the pandemi’cand may Research, FLENI, Buenos Aires); Sergio Daniel Scollo, MD (Stroke Unit Ranms \

be related_ to a shift to mlt_lgate r_'Sks of perloperatlve infection Hospital, Buenos Alres) Australia: Alice Ma, MBBS (Royal North Shore Hosp&tal
to the patient and/or provider with less invasive endovascular  Sydney); Bangladesh: Aminur Rahman, MD, FCPS (Department of Neurologs, Si
techniques to secure the aneurysm. Another explanation of this  Salimullah Medical College, Mitford, Dhaka, Bangladesh); Belgium: Thomas Bonr
shift to endovascular coiling may be related to conservation of MD (Hopital Erasme, Brussels, Belgium); Jeroen Cortier, MD (Department of2

. - . . Neurosurgery, Universitair Ziekenhuis Brussel, Center for Neurosciences, V
hospital resources amidst a pandemic, whereby reduced hospital Universiteit Brussel, Brussels, Belgium); Sylvie De Raedt, MD PhD (Departnment c

length of stay has been reported in patients with ruptured aneu-  Neurology, Universitair Ziekenhuis Brussel, Center for Neurosciences, Vrije @
rysms who are coiled compared with those who are clipped. Universiteit Brussel, Brussels, Belgium); Robin Lemmens, MD, PhD (Neurol Dy
Department, Leuven University Hospital, Leuven, Belgium); Noémie Ligot, M
S (Hospital Erasme, Brussels, Belgium); Brazil: Raquel C T Hidalgo, MD (Hospwal d
Stu_dy limitations . o Base de S&o José do Rio Preto, Séo Paulo); Daissy Liliana Mora Cuervo, ME5
While there were many centres in our study, the limitation isthat  (Moinhos de Vento Hospital, Brazil); Luciana de Oliveira Neves, MD (HospitaLSa(
data capture in our study may not have been complete without a  Carlos, Brazil); Marco Tilio Salles Rezende, MD, MsC, PhD (Interventional £
comprehensive national database to account for regional differ ggg{‘;ﬁg'ﬂ?{gﬁg ?arAszi;ir(:D;llgse Sf‘; ds Se:ga':g”/i?g tgngﬁzél)rallgg r I?\ze;?
: : . : i i zil); Bulgari X irakov,

ence_s in SAH care. We did not ca_lpture 'nfo_rmatlon on outef- (Department of Radiology, University Hospital St lvan Rilski, Bulgaria); Stann:mlr
hospital deathto account for potential rebleeding that may occur  sjrakov, MD (Department of Radiology, University Hospital St lvan Rilski, Bulgariz
with a decline in mild to moderate SAH. Canada: Elena Adela Cora, MD, PhD (Department of Diagnostic Radiology, Ralif:

However, as several of our findings in this study, such as In rmary, Dalhousie University); Michael E Kelly, MD PhD (Royal University %’Qsp
decrease in aSAH admissions or relative increase in coiling of Saskatoon, Saskatchewan, Canada); Pascale Lavoie, MD (CHU de Québec N

tured d df the first fth Université Laval, Quebec, Canada); Lissa Peeling, MD (Royal University hgspital
ruptured aneurysms, were reproduced irom the nirst wave ot the Saskatoon, Saskatchewan, Canada); Aleksandra Pikula, MD (Toronto Weg

pandemic, this may confirm the reproducibility and generalis-  Hospital, University of Toronto, Toronto, Canada); Chile: Rodrigo Rivera, MDo
ability of our initial findings at the 1- year mark of the pandemic. (Neuroradiology Department, Instituto de Neurocirugia Dr. Asenjo, Santiag®, Ghile
Without granular data on patients presenting with aSAH, we China: Hi#heng CheMD, PhD (Department of Neurology, General Hospltagb

f - : - - Northern Theater Command, Shen Yang, China); Yimin Chen, MD (Departmést o
could not identify confounding factors that might have explained Neurology, Foshan Sanshui District People’s Hospital, China); Hongliang I‘e”a@ Y%

higher in-hospital aSAH mortality during the pandemic in the  (pepartment of Quality Control, Foshan Sanshui District People’s HospitalZ0Nina
hospitals with higher COVID- 19 burden. Croatia: Marina Roje Bedekovic, MD (Sestre Milosrdnice University Hosp|%l em
Hrvoje Budincevic, MD, PhD (Sveti Duh University Hospital, Zagreb, DepaO g
Neurology, Zagreb; Croatia: J J Strossmayer (University of Osijek, Facultyzp
CONCLUSIONS . . . Medicine, Department of Neurology and Neurosurgery, Osijek, Croatia); C2egh
In conclusion, there was a decline in noriraumatic SAH Republic: Martin abal, MD (Neurology, Faculty Hospital Ostrava); Emanuea=-
and aSAH admissions during the first year of the COVID19 Hrabanovska, MD (Uherskohradis ska Hospital, Czech Republic); Lubomiedarak,
pandemic. This decline was likely driven by an observed trend in ~ PhD (Neurocenter, Regional Hospital Liberec, Czech Republic); Jana Kadﬁl«eva

. . - . . (Neurology, Hospital Vyskov, Czech Republic); Igor Karpowicz, MD (Regi a"'i"
the decline of patients presenting with mild to moderate aSAH. Hospital Karlovy Vary, Czech Republic); Lukas Kle ka, MD (Ostrava Cze I@epu

Overall, there was no significant difference in aSAH inhospital Martin Kova, MD (Na Homolce Hospital, Czech Republic); Ji i Neumann, @D3FE
mortality between the pandemic and prepandemic years, erpt (Department of Neurology, Krajska zdravotni, a.s. - Hospital Chomutov, Cﬁﬁﬁ'uto'
in subgroup analysis of higher aSAH mortality in hospitals with Czech Republic); Hana Palouskova, MD (Karvina Mining Hospital, Czech Réﬁubll
the highest COVID-19 burden, attesting to resilience in the care Martin Reiser, MD (Neurology, eské Budejovice Hospital, eské Bud jovice);Setre

; . . . . Rekova, MD (Department of Neurology and Centre of Clinical Neurosuenceazlrsw
of patients with aSAH amidst the pandemic. There was a decline Faculty of Medicine, Charles University and General University Hospital in P@gw

in aneurysm clipping for ruptured aneurysms proportional Prague, Czech Republic); Miroslav Skor a, MD (Department of Neurology, M3sar
to the decline in aSAH admissions during the first year of the  University Faculty of Medicine, University Hospital Brno, Brno, Czech Repubfg);
pandemic and an increase in the coiling rate of ruptured aneu- Martin Sramek, MD (Central Military Hospital in Prague, Czech Republic); E

: . . . Vitkova, MD (Department of Neurology, Comprehensive Stroke Center, Cha
rysms, suggesting a shift towards endovascular technique during University Faculty of Medicine and University Hospital, Czech Republic); LerRa
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the pandemic. akova, MD (Nemocnice T inec, Czech Republic); Egypt: Khalid Sobh, MD (Ethus
Alzahar University Hospital, Egypt); Finland: Kemal Alpay, MD (Department ¢&
Co-authors SVIN Global ZiD19 SAH Regisfriganh N Nguyen, MD Radiology, Turku University Hospital, Turku, Finland); Riitta Rautio, MD, PhDE
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USA); Hiroshi Yamagami, MD, PhD (Department of Stroke Neurology, NatigBa¢st University Hospital, Brest, France); Elsa Magro, MD (Brest University @)sp
Hospital Organization, Osaka National Hospital, Osaka, Japan); Robert Mil&rgstMiance); Olivier Naggara, MD, PhD (Université de Paris, GHU Paris, INSEF
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of Neurology, 'Attikon’ University Hospital, National and Kapodistrian Univexsity@bgy, Goethe University Frankfurt, Frankfurt, Germany); Joshua Mbroh"—’MD
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(Universitatsklinikum HamBppendorKlinik und Poliklinik fiir Neurologie, (Department of Neurology, National Health Insurance Service llsan Hosp|tal,§
Hamburg, Germany); Greece: Theodoros Karapanayiotides, MD (2nd DepdsmyangpKorea); SUr@8hnVD (Department of Neurology, Keimyung Universi
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Medicine, Faculty of Health Sciences, Greece); Odysseas Kargiotis, MD (Sklakaysiait,Yong Chieh Chan, MD (Hospital Sultan Abdul Halim, Malaysia); W&h
Metropolitan Hospital, Piraeus, Greece); loanna Koutroulou, MD (2nd Depaksyeaftwhn Zaidi, Mmed (National University of Malaysia, Malaysia); MexicoSJav
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Bangalore, Karnataka, India); Indonesia: Angga Krishna, MD (Department &foldova: Stanislav Groppa, MD, PhD ('Nicolae Testemitanu’ State Universityf
Neurology, Faculty of Medicine Udayana University, Sanglah General Hospiadlicine and Pharmacy; Emergency Medicine Institute, Chisinau, Republic pf
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