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Methods We analyzed and compared clinical characteristics, in-hospital management measures, and outcomes, . 4 org/10.

including death or discharge against medical advice (DAMA), major adverse cardiovascular events (MACES), 1016/ lanwpc.2023.
disability at discharge, and in-hospital complications between in-hospital and community-onset ischaemic stroke 100890
enrolled in the Chinese Stroke Center Association registry from August 2015 to December 2022.

Findings The cohort comprised 14,948 in-hospital and 1,366,898 community-onset ischaemic stroke patients. In-
hospital ischaemic stroke exhibited greater stroke severity, higher prevalence of comorbidities, more pre-
admission medications, and had suboptimal management measures, for example, the onset-to-needle time within
4.5 h (83.3% vs. 93.1%; difference, —9.8% [-11.4% to —8.3%]), and antithrombotics at discharge (78.6% vs. 90.0%;
difference, -11.4% [95% ClI, -12.1% to -10.7%]). After adjusting for covariates, in-hospital ischaemic stroke
remains associated with higher risks of unfavorable outcomes, including in-hospital death/DAMA (13.9% vs.
8.6%; adjusted risk difference [aRD], 2.2% [95% CI, 1.8%-2.7%]; adjusted odds ratio [aOR], 1.35 [95% CI,
1.25-1.45]), MACE (12.6% vs. 6.5%; aRD, 4.1% [95% CI, 3.5%-4.7%]; aOR, 1.68 [95% CI, 1.52-1.85]), and
complications (23.7% vs. 12.1%; aRD, 6.5% [95% CI, 5.1%-7.9%]; aOR, 1.72 [95% CI, 1.64-1.80]), except for
disability at discharge (41.1% vs. 33.1%; aRD, 0.4% [95% CI, -1.7% to 2.5%]; aOR, 0.99 [95% CI, 0.88-1.11]).

Interpretation In-hospital ischaemic stroke demonstrated more severe strokes, worse vascular risk profiles, subop-
timal management measures, and worse outcomes compared to community-onset ischaemic stroke. This
emphasizes the urgent need for improved hospital systems of care and targeted quality improvement initiatives
for better outcomes in in-hospital ischaemic stroke.
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Articles

Research in context

Evidence before this study

We searched PubMed to identify relevant publications
published up to May 20, 2023, on characteristics, in-hospital
management, and outcomes of in-hospital ischaemic stroke
using the terms “In-hospital stroke” and “China” limited in
the title or abstract, but without language restrictions. We
identified only one small-sized study from a single center.

Added value of this study
Using a nationwide contemporary registry of patients with
ischaemic stroke, we found that patients with in-hospital

Reperfision therag , incldding intrayenods throm-
bok sis (IVT)* xith recombinant tisshe plasminogen
actipator (rt-PA) and endopascilar thrombecton‘y 210 ig
the most effective treatment for acdte ischaemic stroke,
bt it's high} time-dependent." ' In-hospital stroke has
no delg in time from stroke onset to hospital arriwal;
hoxeyer, recent skrgey and medications add clinical
completities, and the lack of standardized protocols for
hospital staff hampered rapid recognition and ea
initiation of treatment.”® Therefore, high-qlally na-
tional-leyel data are needed to identif potential differ-
ences and opportdnities for better informing an
evidence-based ~ depelopment of targeted qdaliy
improyement for in-hospital stroke, in addition to
comminiy -onset stroke.

In this stdd , xe dsed data from the Chinese Stroke
Center Alliance (CSCA) to characterize patients xith in-
hospital ischaemic stroke and to compare the clinical
characteristics, in-hospital management, and odtcomes
for in-hospital ws. commaniy -onset ischaemic stroke at
a national lepel registy . We By pothesised that in-
hospital ischaemic stroke xodld haye more sepere
strokes, yorse wascblar risk profiles, sdboptimal man-
agement measbres, and Xorse obtcomes than
comminiy -onset ischaemic stroke.

Methods

This report folloxed the Standards for The Strength-
ening the Reporting of Obseryational Stddies in Epide-
miolog (STROBE) statement.”” The data that skpport
the findings of this stkc) are apailable from the corre-
sponding adthor dpon reasonable reqdest.

The Chinese Stroke Center Alliance

We performed a cohort anaj sis of CSCA, a national,
hospital-based, woldntay, and continbods qlaliy
impropement initiative modeled after the American
Heart Association’s Get With The Giidelines-Stroke
(GWTG Stroke) program. Patients aged 18y ears or
older xho had a primay diagnosis of stroke or transient
ischemic attack lﬁithin 7 dg s of 3 mptom onset ere

ischaemic stroke had more severe strokes, worse vascular risk
profiles, suboptimal management during hospitalization, and
worse outcomes.

Implications of all the available evidence

These findings strengthened the evidence that the
development of hospital systems of care and tailored strategy
are urgently warranted to improve the identification,
treatment, management, and outcomes of in-hospital
ischaemic stroke in China.

enrolled. The details of the program hawye been prewi-
obsy described.””* The China National Clinical
Research Center for Nedrological Diseases seryes as the
data anaj sis center and anaj ses the aggregate de-
identified data. Informed consent of individdal pa-
tients yas Yaiped iy the ethics committee of Beijing
Tiantan Hospital and local hospitals.

Study population

We edtracted data on patients enrolled betizeen Adglst
1st, 2015 and December 10th, 2022. For robdst esti-
mations, hospitals &ith a total enrollment of less than
100 patients Nere excldded first. For the cdrrent ana-
4 ses, ye edclhded patients transferred from other hos-
pitals, clinic-onset stroke, or dnknoxn location of
9 mptom-onset and limited odr stbd * popdlation to
patients lﬂith in-hospital or comminiy -onset ischaemic
stroke, as xe focks on the comparison of the to skb-
grodps. Isalaemic stroke xas defined as a nex onset
of focal nedrological deficit that cannot be attribbted to
the presenting lesion and is confirmed &ith radio-
graphic eyidence (CT and/or MRI).”

Study variables

Clinical characteristics, incldding demographics (age,
sex, bod mass index), smoking and drinking statbs, the
National Institbtes of Health Stroke Scale (NIHSS)
score, medical histoy (stroke or transient ischaemic
attack [TTA], carotid stenosis, atrial fibrillation, coronay
heart disease [CHD], ny ocardial infarction [MI], heart
faillre, 1y pertension, diabetes, d slipidemia, and pe-
ripheral wascblar disease [PVD]), and medication dsage
(ithin 6 months prior to the indef stroke and lasting
more than 2 eeks (antiplatelet, antily pertensiye, by -
pogl cemic, and statin), yere abstracted from chart re-
wiex lg trained researchers.

In-hospital management measdres, consisting of
nine achte and five discharge management measires,
cere deyeloped based on the Get xith The Gilidelines-
Stroke (GWTG-Stroke),” national) recommended
ghidelines,” and dpdated according to qdaliy measdres
for nedrological diseases in 2020.” The nine aclte
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management measdres incllded: (1) intrapenods tissde-
¥ pe plasminogen actiyator (IV rt-PA) in patients &ho
arrived yithin 3.5 h after § mptom onset and xere
treated x1thin 4.5 h; (2) onset-to-needle time lﬁlith 45h
for patients received IV rt-PA; (3) endowascdlar treat-
ment; (4) antithrombotic medication xithin 48 h of
admission; (5) ddal antiplatelet for minor stroke; (6)
deep wein thrombosis proply latis; (7) @ sphagia screen;
(8) rehabilitation assessment; and (9) wessel assessment.
The five discharge management measdres incldded: (1)
antithrombotic medication; (2) anticoagdlants for atrial
fibrillation; (3) antily pertensive medication for by per-
tension; (4) iy pogy cemia medication for diabetes mel-
litds; (5) Statin for lol‘ering lox -densiy  lipoprotein
(LDL) for LDL leyels >100 mg/dl or not dochmented.
Detailed definitions of these management measdres are
shoxn in Sipplementay Table S1 in the Data
Stpplement.

In-hospital odtcomes, incldding death or discharge
against medical adyice (DAMA), major adyerse cardio-
waschlar eyents (MACE), disabiliy at discharge, and
complications, Xere recorded ddring admission to a
nedrological yard to discharge in this sthd . We dsed the
composite odtcome of in-hospital death or DAMA
becadse it is common for masy patients to ‘i’rhdralifrom
treatment at dnfayorable or terminal statbs in China.”
MACE is a composite obtcome comprising ischaemic
stroke, hemorrhagic stroke, TIA, or MI. It inclides any
sbbseqdent occlrrence of ischemic stroke, hemorrhagic
stroke, TIA, or MI that takes place after the initial stroke
event and dlring admission to a nedrological xard dntil
discharge. Disabilfy at discharge Nas measbred ly the
modified Rankin Scale (mRS). The score ranges from
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Variables In-hospital stroke

(n = 14,948 [1.1%])

Community-onset stroke Difference (95% Cl)

(n = 1,366,898 [98.9%])

Patient characteristics

Demographic
Age, mean (SD), y 67.6 (12.3)
Male 8818 (59.0)
BMI, mean (SD), y 24.0 (6.2)
Smoker 4914 (32.9)
Drinking 3052 (20.4)
NIHSS at admission 4.0 (2.0-9.0)
Medical history
Stroke/TIA 6035 (40.4)
Carotid stenosis 404 (2.7)
Atrial fib/flutter 1489 (10.0)
CHD/MI 1431 (9.6)
Heart failure 676 (4.5)
Hypertension 9381 (62.8)
Diabetes mellitus 3754 (25.1)
Dyslipidemia 1693 (11.3)
PVD 584 (3.9)
Medication history
Antiplatelet medication 4601 (30.8)
Antihypertension medication 7360 (49.2)
Glucose-lowering medication 3046 (20.4)
Statin 3878 (25.9)
Hospital characteristic
Hospital level
Secondary 5476 (36.6)
Tertiary 9472 (63.4)

myocardial infarction; PVD, peripheral vascular disease.

BMI, body mass index; SD, standard deviation; NIHSS, the National Institutes of Health Stroke Scale; TIA, transient ischemic attack; CHD/MI, coronary heart disease or

66.3 (12.0) 13 (1.1-1.5)
856,964 (62.7) -37 (-45 to -2.9)
24.0 (4.1) 0.0 (-0.1 to 0.1)
489,982 (35.8) -3.0 (-3.7 to -2.2)
308,421 (22.6) -2.1 (-2.8 to -1.5)
3.0 (2.0-6.0) 1.0 (0.0-2.0)
444,182 (32.5) 7.9 (7.1-8.7)
17,206 (1.3) 1.4 (1.2-17)
69,182 (5.1) 4.9 (4.4-5.9)
80,904 (5.9) 37 (3.2-4.1)
14,658 (1.1) 3.4 (3.1-3.8)
879,104 (64.3) -1.6 (-2.3 to -0.8)
298,438 (21.8) 3.3 (2.6-4.0)
92,631 (6.8) 4.5 (4.0-5.1)
19,587 (1.4) 2.5 (2.2-2.8)

271,382 (19.9)
647,850 (47.4)
236,709 (17.3)
217,022 (15.9)

10.9 (10.2-11.7)
1.8 (1.0-2.6)
31 (2.437)

10.1 (9.4-10.8)

603,971 (44.2)
762,927 (55.8)

7.6 (-83 to -6.8)
7.6 (6.8-8.3)

Table 1: Clinical characteristics of patients with in-hospital vs. community-onset ischemic stroke.

Results

A total of 1,946,254 patients &ith stroke/TTA ere
enrolled in CSCA betyeen Adglst 1st, 2015 and
December 10th, 2022. After eicldsion, ke obtained
1,381,846 patients incldded in the chrrent anad ses, of
chom 14,948 (1.1%) ere in-hospital and 1,366,898
(98.9%) xere comminiy -onset ischaemic stroke
(Fig. 1). Patients incldded in the chrrent ana sis and
exclbded for the missing walde of § mptom onset loca-
tion Y ere large§ comparable, except that the former had
a higher percentage of patients admitted to seconday
hospitals (Skpplementay Table S2 in the Data Sipple-
ment). Characteristics among patients xho received
reperfdsion therag xere presented in Sipplementay
Table S3 in the Data Sipplement.

Clinical characteristics

Compared Eth patients xith comminiy -onset stroke,
patients xith in-hospital ' ischaemic stroke eghibited
some notable differences. Thg had a lol‘er proportion
of male patients (59.0% ws. 62.7%; difference, —3.7%
[95% CI, —4.5% to —2.9%)), felﬁer smokers (32.9% ws.

35.8%, difference, —3.0% [95% CI, —-3.7% to -2.2%]).
Additional’ , the seperiy of stroke lsas higher in the in-
hospital grodp, as indicated }§ a higher NTHSS score
(4.0 [IQR: 2.0-9.0] ys. 3.0 [IQR: 2.0-6.0]). Fhrthermore,
patients Xith in-hospital ischemic stroke presented a
higher presalence of prior stroke/TIA (40.4% ws. 32.5%;
difference, 7.9% [95% CI, 7.1%—8.7%)), atrial fibrillation
(10.0%ws. 5.1%; difference, 4.9% [95% CI, 4.4%-5.4%)),
CHD/MI (9.6% ws. 5.9%; difference, 3.7% [95% CI,
3.2%-4.1%]), heart faildre (4.5% ws. 1.1%,; difference,
3.4% [95% CI, 3.1%-3.8%]), diabetes (25.1% ws. 21.8%;
difference, 3.3% [95% CI, 2.6%—4.0%)]) and § slipide-
mia (11.3% ws. 6.8%, difference, 4.5% [95% CI, 4.0%—
5.1%]). Medication before indei stroke lfs also
different betyeen the tgo grodps, lﬁith higher pre-
scription rates obseryed among patients lﬂith in-hospital
ischemic stroke for antiplatelet (30.8% ws. 19.9%,; dif-
ference, 10.9% [95% CI, 10.2%-11.7%]), glbcose-
loliering medication (20.4% ws. 17.3%; difference,
3.1% [95% CI, 2.4%-3.7%]), and statin (25.9% ws.
15.9%; difference, 10.1% [95% CI, 9.4%-10.8%]). In
addition, a higher percentage of patients l‘ith in-hospital

www.thelancet.com Vol 38 September, 2023


www.thelancet.com/digital-health

1 946 254 patients with stroke/TIA enrolled from 2602 CSCA hospitals
between August 1st, 2015, and December 10, 2022

v

‘28513 patients from 671 hospitals with an enroliment volumn <100

1917 741 patients with stroke/TIA enrolled from 1931 hospitals

316 534 patients with non-ischemic stroke

11 6634 patients with TIA
154 065 patients with ICH
19 625 patients with SAH
10 553 patients with SNC

15 657 patients with missing data on sroke type

1601 207 patients with ischemic stroke

63 529 non- targeted study population
8671 transfered patients
54 858 clinic-onset patients

1 537 678 targeted population for the current analyses

v

155 832 patients with missing data on location of symptom onset

1 381 846 patients included for the current analyses
14 948 patients with in-hospital ischemic stroke
1 366 898 patients with community onset ischemic stroke

Fig. 1: Patient identification chart. CSCA, the Chinese Stroke Center Alliance; TIA, transient ischemic attack; ICH, intracerebral hemorrhage; SAH,

subarachnoid hemorrhage; SNC, stroke not classified.

ischaemic stroke jere admitted to tertiay hospitals than
those xith comm niy -onset stroke (63.4% ws. 55.8%;
difference, 7.6% [95% CI, 6.8%-8.3%)]). Hox ewer, other
characteristics \ere large§ comparable (Table 1).

In-hospital management measures

Compared xith comminiy -onset ischaemic stroke,
those xith in-hospital ischaemic stroke shoxed xorse
ackte management measires. This incldded a delg in
onset-to-needle time lsithin 45 h (83.3% ws. 93.1%;
difference, —9.8% [-11.4% to -8.3%)]), loxer dsage of
eay  antithrombotics (73.5% ws. 87.83%; differ-
ence, —14.3% [95% CI, —15.0% to -13.5%]) and ddal
antiplatelets for minor stroke (31.2% ws. 43.9%; differ-
ence, —12.8% [95% CI, —13.8% to —11.7%)]). Addition-
alj , thg xere more poory managed for @ sphagia
screen (73.3% ws. 82.4%; difference, -9.1% [95%
CI, -9.8% to —8.4%]) and wessel assessment (85.8% ws.
90.8%; difference, —4.9% [95% CI, -5.5% to —4.4%)]).
meer, thg edhibited slighty better performance in

www.thelancet.com Vol 38 September, 2023

endopascllar treatment (4.2% ws. 1.3%,; difference 2.9%
[95% CI, 2.6%-3.2%]). Flrthermore, patients xith in-
hospital ischaemic stroke also had xorse discharge
management measbres in antithrombotics (78.6% ws.
90.0%; difference, —11.4% [95% CI, —12.1% to —10.7%)),
anti}g pertensive medication for }g pertension (62.4%ws.
66.4%; difference, —4.0% [95% CI, —-4.9% to —3.0%)),
l‘y pogy cemia medication for diabetes (76.0% ws. 79.3%;
difference, —3.4% [95% CI, —4.7% to —2.1%)]) and statin
for lo‘ering lox-densiy lipoprotein (84.9% ws. 91.8%;
difference, —6.9% [95% CI, —7.5% to —6.3%)]) prescrip-
tion at discharge. The orf§ exception Xas the prescrip-
tion of anticoagdlants for atrial fibrillation, xhich had a
slighy higher percentage for in-hospital ischaemic
stroke (49.9% ws. 46.3%; difference, 3.6% [95% CI,
1.1%-6.1%)) (Table 2).

In-hospital outcomes
Patients lsith in-hospital ischaemic stroke shoxed a
higher cride rate of in-hospital death/ DAMA (13.9% ws.

Articles
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Variables

No./Total no. (%)

In-hospital stroke

Community-onset stroke

Difference (95% Cl)

IV rt-PA < 45h

Endovascular treatment

Early antithrombotics

DVT prophylaxis

Dysphagia screen

Vessel assessment

Antithrombotics

Acute management measures

Onset-to-needle time <4.5 h

Dual antiplatelets for minor stroke

Rehabilitation assessment

Discharge management measures

1326/4373 (30.
1907/2290 (83.
627/14,948 (4.2)

10,409/14,159 (73.5)

(30.3)

(

(

(
2465/7910 (31.2)

(

(

(

(

3
3)

1350/6655 (20.3)
10,961/14,948 (73.3)
10,915/14,948 (73.0)
12,830/14,948 (85.8)

10,505/13,361 (78.6

98,530/331,096 (29.8)
101,471/108,963 (93.1)
18,000/1,366,898 (1.3)
1,178,548/1,342,568 (87.8)
362,900/826,328 (43.9)
72,431/411,345 (17.6)
1,126,483/1,366,898 (82.4)
1,003,586/1,366,898 (73.4)
1,240,837/1,366,898 (90.8)

1,173,097/1,303,465 (90.0)

0.6 (-0.8 to 1.9)
-9.8 (-11.4 to -8.3)
2.9 (2.632)
-14.3 (-15.0 to -13.5)
-12.8 (-13.8 to -11.7)
27 (1.737)
-9.1 (-9.8 to -8.4)
-0.4 (-1.1 to 0.3)
-4.9 (-5.5 to -4.4)

-11.4 (-12.1 to -10.7)

Anticoagulants for atrial fibrillation
Antihypertensive medication for hypertension 6473/10,369
Hypoglycemia medication for diabetes

Statin for lowering low-density lipoprotein

) (

808/1619 (49.9) (
62.4) 674,372/1,015,589 (66.4)

3270/4304 (76.0) (

11,783/13,884 (84.9) (

IV rt-PA, intravenous recombinant tissue plasminogen activator; DVT, deep vein thrombosis.

41,101/88,769 (46.3) 3.6 (1.1-6.1)
-4.0 (-4.9 to -3.0)
3.4 (-4.7 to -2.1)

-6.9 (-7.5 t0 -6.3)

296,561/373,769 (79.3)
1,216,185/1,324,766 (91.8)

Table 2: Management measures of patients with in-hospital vs. community-onset ischemic stroke.

8.6%), MACE (12.6% ws. 6.5%), disabiliy at discharge
(41.1% ws. 33.1%), and complications (23.7% ws. 12.1%)
than those xiith comminiy -onset ischaemic stroke.
After adjbsting for copariates, In-hospital ischaemic
stroke remains independenty associated Xith a higher
risk of all the abope-mentioned composite odtcomes,
incldding in-hospital death/DAMA (the NIHSS score
impitation-based adjdsted risk difference [aRD], 2.2%
[95% CI, 1.8%-2.7%]; adjdsted odds ratio [aOR], 1.35
[95% CI, 1.25-1.45]), MACE (aRD, 4.1% [95% CI, 3.5%—
4.7%)]; aOR, 1.68 [95% CI, 1.52-1.85]), and complica-
tions (aRD, 6.5% [95% CI, 5.1%-7.9%); aOR, 1.72 [95%
CI, 1.64-1.80]), edcept for disabiliy at discharge (aRD,
0.4% [95% CI, -1.7% to 2.5%]; aOR, 0.99 [95% CI,
0.88-1.11]).

The data also rewealed that in-hospital ischaemic
stroke Nas significant}y associated xith increased odds
of all the components of the aboye-mentioned compos-
ite obtcomes, incldding in-hospital death (aOR, 1.51
[95% CI, 1.40-1.62)), DAMA (aOR, 1.24 [95% CI,
1.10-1.38]), cerebral infarction (aOR, 1.46 [95% CI,
1.33-1.58]), cerebral hemorrhage (aOR, 1.91 [95% CI,
1.71-2.11]), TIA (aOR, 3.98 [95% CI, 3.41-4.55]),

ocardial infarction (aOR, 2.50 [95% CI, 2.22-2.78)),
and all the indipiddal component of in-hospital com-
plications, althodgh the absoldte risk differences xere
small. The most notable complication lias pnedmonia
(16.9% ws. 8.5%; aRD, 4.7% [95% CI, 3.2%—6.2%]; aOR,
1.62 [95% CI, 1.54-1.70)) (Fig. 2). Both crdde andj sis
and adjbsted ana} sis yithodt adjbstment of the NIHSS
score § ield similar resdlts, edcept for disabilyy at
discharge (Sipplementay Table S4 in the Data
Sipplement).

In-hospital outcomes among subgroups

The resblts from the skbgrobp an# ses did indicate
some degree of heterogeneiy in relation to smoking
statds, disease histoy (stroke, heart faildre, and dia-
betes), and hospital leyels (Skpplementay Tables S5-S8
in the Data Sipplement). Regarding patients xho dn-
deryent reperflsion theray, thg ethibited higher
crdde rates of in-hospital odtcomes X hen compared to
the operall popilation. The disparities in in-hospital
obtcomes betyeen in-hospital and comminiy -onset
ischaemic str(ll(e among this grodp resemble those
obsergped in the oyerall popdlation (Fig. 3). This incldded
in-hospital death/DAMA (20.5% ws. 14.1%; aRD, 2.8%
[95% CI, 1.2%4.5%]; aOR, 1.31 [95% CI, 1.19-1.43)),
MACE (14.6% ws. 8.6%; aRD, 4.2% [95% CI, 2.8%—
5.5%]; aOR, 1.51 [95% CI, 1.38-1.64]), disabily at
discharge (49.0% ws. 42.8%; aRD, 0.8% [95% CI, -1.2%
to 2.8%]; aOR, 1.04 [95% CI, 0.94-1.14]), and compli-
cations (30.4% ws. 18.9%; aRD, 5.9% [95% CI, 4.9%—
7.0%]; aOR, 1.55 [95% CI, 1.44-1.65]). Comparable re-
sblts yere obtained from both crdde anaj ses and
adjbsted anad ses yithobt adjdstment of the NIHSS
score, edcept for disabiliy at discharge (Skpplementay
Table S9 in the Data Sdpplement).

Discussion

Using a nationl‘ide contemporay registy of patients
cith ischaemic stroke, ke fodnd that patients ‘ith in-
hospital ischaemic stroke xere more seyere, had
higher prepalences of comorbidities, and xere skbopti-
mal in management measdres dlring hospitalization
for the in-hospital delg, medication prescription,
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. No. event (%) or No. event/Total (%)
In-hospital Outcomes

Adjusted Analysis{

Adjusted Analysis with multiple

imputations of the NIHSS scoref RD (95% CI)

In-Hosbital Stroke CorrriainvRInseC3rbre TG, RKRGEYn, G, WGy, O~ L A
In-hospjtal death/DAMA* 1752126500175Y) 100635 P202293%d)  TANHLY) TSANTNA)) AL SIINEtE) ‘ = || =
In-hospital death 847 (57) 34796 (2.5) 1.0(03t01.8) 1.49 (1.33-1.67) 1006018, 181101 A), | = | -
DAMA T, 11 7RO, 68.057/1.16748%7 By * 1.TOB O To) CTLANEAR) T 1SOBBRY N0 = | —
In-hospital MACE 1884 (12.6) 88689 (6.5) 42(211063) 170(1.42204)  4.1(35t047) 1.68 (1.52-1.85) —-— -
Cerebral infarction 1341 (9.0) 72 046 (5.3) 17(12t022) 1.44 (1.27-1.63) 21(1.6t025) 1.46 (1.33-1.58) - -
Cerebral hemorrhage 360 (2 4) 11002 (0 9) 08(04to12) 180 (1 52-2 36) 11(05t017) 191 (171-2.11) e —_

Fig. 2: In-hospital outcomes of patients with in-hospital vs. community-onset ischemic stroke. DAMA, discharge against medical advice; MACE,
major adverse cardiovascular events; TIA, transient ischemic attack; NIHSS, the National Institutes of Health Stroke Scale. *Data were missing for
2348 (15.7%) in-hospital and 164,605 (12.0%) community-onset ischemic strokes, respectively. "Data were assessed among survivals, and
missing for 2348 (16.7%) in-hospital and 164,605 (12.4%) community-onset ischemic strokes, respectively. *Data were available from July 1,
2018. '"Adjusted for the NIHSS score at admission, sex, smoking status, medical history (stroke or transient ischemic attack, atrial fibrillation,
coronary heart disease or myocardial infarction, heart failure, diabetes, and dyslipidemia), medication history (antiplatelet, glucose-lowering,

and statin), and hospital level.

screening, and wessel assessments, compared Xith pa-
tients xith comminiy -onset ischaemic stroke. After
copariates adjdstment, in-hospital ischaemic stroke re-
mains associated xith a higher risk of nfayorable
obtcomes, incldding in-hospital death/ DAMA, MACE,
and complications, edcept for disabilty at discharge.
Collective} , these findings strengthened the eyidence
that the deyelopment of hospital g stems of care and
tailored strateg are drgenty &arranted to improge the
identification, treatment, management, and odtcomes of
in-hospital ischaemic stroke in China.

Consistent xith obr sthd , preyiods reports from the
Milticenter Stroke Inyestigators’ Collaboration registy
in Japan,' the National Get With The Giidelines-Stroke
registy in US,” the Ontario Stroke Registy in Canada,’
and the Sodth London Stroke Register’ also reported
that patients xith in-hospital ischaemic stroke had a
higher pregalence of comorbid illnesses, incldding atrial
fibrillation, carotid stenosis, CHD/MI, diabetes melli-
t,s, or heart faildre, edperienced more seyere strokes,
and had x orse odtcomes in terms of in-hospital death or
discharge home. Data from three of these registries also
reyealed that, compared lﬁith commaniy -onset stroke,
in-hospital stroke also had longer in-hospital delg s or
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\as more poory managed ddring hospitalization.”** In
addition, a single-center stdd in China shoyed that in-
hospital stroke Nas associated !sith higher NIHSS
scores, more endoyaschlar therag , and a higher rate of
in-hospital death.* Resdlts from patients xho receiyed
reperfdsion therag in the Get With the Glidelines—
Stroke dray similar concldsions to obr ana} ses.”””*

In contrast to preyiods reports,”*** X e fodnd that in-
hospital ischaemic strokes Xere not independenty
associated yiith disabiliy at discharge. Resilts from
crbde ana ses and adjbsted anaf ses 'YlithOLt adjdst-
ment of the NISHS score at admission shoxed that in-
hospital ischaemic strokes xere associated Xith
increased odds of disabilyy at discharge; ho‘aver, the
association Xas disappeared after adding the NIHSS
score at admission in the adjdsted models, x hich indi-
cated that flnctional disabiliy at discharge might be
mainy edplained lg stroke seperiy at admission
measbred ly the NTHSS score. The risk differences and
odds ratios of in-hospital obtcomes ws. comminiy -onset
strokes for other in-hospital odtcomes, incldding in-
hospital death/ DAMA, MACE, and complications,
cere shrink bt remained significant after the adjdst-
ment of the NIHSS score and other potential
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No. event (%) or No. event/Total (%)

Adjusted Analysis{

Adiusfed Analvsis with multiDiems:
imputations of the NIHSS scoref|

RD (95% CI)
In-hospital outcomes
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Epileptic Seizure

Fig. 3: In-hospital outcomes of patients with in-hospital vs. community-onset ischemic stroke who received endovascular thrombectomy.
DAMA, discharge against medical advice; MACE, major adverse cardiovascular events; TIA, transient ischemic attack. *Data were missing for 201
(7.3%) in-hospital and 7537 (6.2%) community-onset ischemic strokes, respectively. "Data were assessed among survivals, and missing for 201
(8.3%) in-hospital and 7537 (6.7%) community-onset ischemic strokes, respectively. *Data were available from July 1, 2018. '"Adjusted for the
NIHSS score at admission, sex, smoking status, drinking, medical history (stroke or transient ischemic attack, atrial fibrillation, coronary heart
disease or myocardial infarction, heart failure, diabetes, and dyslipidemia), and medication usage (antiplatelet, antihypertension, glucose-

lowering, and statin).

cardiowascdlar risk factors, xhich indicated that other
confodnders Xere not controlled, or in-hospital strokes
might haye d}ferent etiologies or mechanisms, sdch as
perioperatiye or cardioembolic stroke.”? Therefore,
differences in baseline characteristics mg accodnt for
differences in care and odtcomes, and the soldtions
yobld depend on the dnderj ing cadses of differences,
and the deyelopment of hospital g stems of care and
targeted qbaliy improyement for in-hospital stroke are
irgentg needed and adwocated.'®

To the best of odr knoxledge, this might be the
largest sample-sized, milti-center registy stbhd to
characterize the clinical characteristics, in-hospital
management, and obtcomes of in-hospital ischaemic
stroke ddring hospitalization in China and to compare
them ‘ith commaniy -onset ischaemic stroke. Hox-
eyer, this stkc) has seyeral limitations. First, the clin-
ical department before indei stroke for in-hospital
stroke and the etiolog based on a Trial of ORG 10172
in Acbte Stroke Treatment (TOAST) classification xere
not collected, hich hampered the mechanism explo-
ration and comparison for skby pes of in-hospital
strokes. Second, data on the NIHSS score at

admission \ere missing for 10.5% of the patients,
Which mg introddce bias for the estimation of effect
sizes. Holitener, resblts from adjdsted ana} ses based
on complete data and miltiple implted data sholﬁed
consistent resdlts, indicating odr estimations are
robdst. Nepertheless, the resdlts xodld be interpreted
cith caltion, since no methods can confirm that the

IHSS scores Nere missing at random. Third, insbf-
ficient data xere collected for the determination of
indications for endogascdlar treatments; therefore, lﬂe
assessed endopascdlar treatments among all the
incldded participants. Forth, approtimate§ 12% of
patients Xere missing on DAMA, and mRs at
discharge \jere not collected dntil J#§ 1, 2018, l&hich
redd.ced odr sample size and mg introddce bias. Fifth,
obtcomes after discharge and long-term follox-dp
obtcomes Xere not collected in CSCA; therefore, xe
on§ assessed in-hospital ohtcomes in the chrrent an-
ay ses. Sidth, complications Nere diagnosed and
recorded 1 local ply sicians, resblting in ineyitable
wariations in definitions and identifications. Hox ewer,
this approach remains practical and acceptable for a

large registy .
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Conclusions

Compared I?Iith commaniy -onset ischaemic stroke, in-
hospital ischaemic stroke had more seyere strokes,
corse waschlar risk profiles, stboptimal management
measdres ddring hospitalization, and xorse obtcomes.
In addition, disparities in obtcomes betlieen in-hospital
ischaemic stroke and comminiy -onset ischaemic
stroke persist eyen if reperflsion therag xere admin-
istrated. These data highlight the drgent need to dewelop
hospital § stems of care and targeted qdaliy improwe-
ment to imprope odtcomes of in-hospital ischaemic
stroke frther.

Contributors

HQG, ZXL, and YJW conceptbalised and designed the stbd . CJW, XY,
and YJ collected the data. HQG drafted the mandscript, anay sed, and
interpreted the data. HQG ana} sed the data. HQG and ZXL yerified the
tnder} ing data. XQZ, YLW, LPL, ZXL, HL, and YJW interpreted the
data and repised the manidscript. All adthors commented dpon and
approwed the final maniscript.

Data sharing statement
The data dsed for this ana’ sis can be made apailable dpon reasonable
reqdest to the corresponding adthors.

Declaration of interests
All adithors declare no competing interests.

Acknowledgements
We thank all the participating hospitals for their waldable contribdtions.
Flnding: This liork Nas shpported ly grant 2022YFC2504902 (ZXL)
from the Ministy of Science and Technolog of the People’s Repdblic of
China (National K§ R&D Programme of China), grant 72004146
(HQG) from the National Natdral Science Folndation of China, grant
PX2021024 (HQG), and QML20210501 (HQG) from Beijing Hospitals
Adthoriy .

Appendix A. Supplementary data
Skpplementay data related to this article can be fodnd at https://doi.
org/10.1016/j lany pc.2023.100890.

References

1 Kimdra K, Minematst K, Yamaghchi T. Characteristics of
in-hospital onset ischemic stroke. Eur Neurol. 2006;55(3):155-159.

2 Cimbler E, Wald H, Bhatt DL, et al. Qdaliy of care and oktcomes
for in-hospital ischemic stroke: findings from the national get liith
the gLidelines—stroke. Stroke. 2014;45(1):231-238.

3 Saltman AP, Silyer FL, Fang |, Stamplecoski M, Kapral MK. Care
and obtcomes of patients lgith in-hospital stroke. JAMA Neurol.
2015;72(7):749-755.

4 Lk Z-Y, Han G-S, WA J-J, et al. Comparing characteristics and
obtcomes of in-hospital stroke and commaniy -onset stroke.
] Newrol. 2022;269(10):5617-5627.

5  Emmett ES, Dodiri A, Marshall I], Wolfe CDA, Rédd AG, Bhalla A.
A comparison of trends in stroke care and odbtcomes betyeen in-
hospital and comminiy -onset stroke - the Sodth London Stroke
Register. PLoS One. 2019;14(2):20212396.

6 Emberson ], Lees KR, ly den P, et al. Effect of treatment delg , age,
and stroke seyeriy on the effects of intrayenods thrombaj sis xith
alteplase for achte ischaemic stroke: a meta-ana’ sis of indiyidbal
patient data from randomised trials. Lancet. 2014;384(9958):
1929-1935.

7 Wardlay JM, Mbrrg V, Berge E, et al. Recombinant tissbe plas-
minogen activator for acdte ischaemic stroke: an dpdated g stem-
atic rewie%and meta-anaj sis. Lancet. 2012;379(9834):2364-2372.

8 Thomalla G, Bodtitie F, Ma H, et al. Intrayenods alteplase for stroke
!‘ith knkno&n time of onset ghided l§ adpanced imaging:

www.thelancet.com Vol 38 September, 2023

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

g stematic reyiesg and meta-anay sis of indiyiddal patient data.
Lancet. 2020;396(10262):1574-1584.
Gg al M, Menon BK, wan Z!iam WH, et al. Endopascdlar throm-
bectony after largewessel ischaemic stroke: a meta-anzry sis of in-
dipiddal patient data from five randomised trials. Lancet.
2016;387(10029):1723-1731.
Rodrigdes FB, Neyes |B, Caldeira D, Ferro JM, Ferreira JJ, Costa J.
Endoyascblar treatment wersds medical care alone for ischaemic
stroke: g stematic ravie!s and meta-ana sis. BMJ. 2016;353:i1754.
Saper JL, Fonarox GC, Smith EE, et al. Time to treatment Xith
intrayenods tissbe plasminogen actipator and odtcome from achte
ischemic stroke. JAMA. 2013;309(23):2480-2488.
Man S, Xian Y, Holmes DN, et al. Association betyteen thromboj tic
door-to-needle time and 19 ear mortaliy and readmission in patients
?ith achte ischemic stroke. JAMA. 2020;323(21):2170-2184.

onarox, GC, Smith EE, Sayer JL, et al. Timeliness of tissLeJ’ pe
plasminogen actiyator therag in achte ischemic stroke: patient char-
acteristics, hospital factors, and odtcomes associated ‘ith door-to-
needle times ‘ithjn 60 mindtes. Circulation. 2011;123(7):750-758.
Kim JT, Fonarox GC, Smith EE, et al. Treatment !ﬁith tisshe
plasminogen actiwator in the golden hokr and the shape of the 4.5-
holr time-benefit chrye in the national United States get &ith the
ghidelines-stroke popilation. Circulation. 2017;135(2):128-139.
Jahan R, Sayer JL, Schixxamm LH, et al. Association bet‘een time to
treatment ﬁith endoyaschlar reperfdsion therag and obtcomes in
patients Xith aclte ischemic stroke treated in clinical practice.
JAMA. 2019;322(3):252-263.
Noth A, Amin-Hanjani S, Firie KL, et al. Identif ing best practices
to imprope epaldation and management of in-hospital stroke: a
scientific statement from the American Heart Association. Stroke.
2022;53(4):e165—e175.
Wang Y, Li Z, Wang Y, et al. Chinese Stroke Center Alliance: a
national effort to improge healthcare qdaliy for achte stroke and
transient ischaemic attack: rationale, design and preliminay find-
ings. Stroke Vasc Neurol. 2018;3(4):256-262.
Gl HQ, Yang X, Wang CJ, et al. Clinical characteristics, manage-
ment, and in-hospital obtcomes in patients !‘ith stroke or transient
ischemic attack in China. JAMA Netw Open. 2021;4(8):e2120745.
Fonarox GC, Reewes M]J, Smith EE, et al. Characteristics, perfor-
mance measbres, and in-hospital obtcomes of the first one million
stroke and transient ischemic attack admissions in get ’i)ith the
gbidelines-stroke. Circ Cardiovasc Qual Outcomes. 2010;3(3):291-302.
Lid L, Chen W, Zhod. H, et al. Chinese Stroke Association ghide-
lines for clinical management of cerebropascblar disorders: etecd-
tive sbmmay and 2019 dpdate of clinical management of
ischaemic cerebrogaschlar  diseases. Stroke Vasc  Neurol.
2020;5(2):159-176.
National Health Commission of the People’s Repdblic of China.
Healthcare quality management measures for neurological diseases
(2020 Version); 2020. http://lsxsx.nhc.gow.cnyy 4 gj/s7657/202001/
61297¢8b37914c4798c9b2c39735¢769/files/080c17e2bc0e49a69226
ad2ba297cla4.pdf. Accessed March 8, 2023.
Wang YJ, Li ZX, G HQ, et al. China Stroke Statistics 2019: a report
from the National Center for Healthcare Qbaliy Management in
Netrological Diseases, China National Clinical Research Center for
Nedrological Diseases, the Chinese Stroke Association, National
Center for Chronic and Non-comminicable Disease Control and
Preyention, Chinese Center for Disease Control and Preyention
and Institdte for Global Nedroscience and Stroke Collaborations.
Stroke Vasc Neurol. 2020;5(3):211-239.
Ribin DB. Multiple imputation for nonresponse in surveys. Hoboken:
wilg ; 1987.
G HQ, Li DJ, Lid C, Rao ZZ. %ggBaseline: a SAS macro for
anaj zing and reporting baseline characteristics abtomatical§ in
medical research. Ann Transl Med. 2018;6(16):326.
Akbik F, X4 H, Xian Y, et al. Trends in reperfdsion therag for in-
hospital ischemic stroke in the endoyascblar therag era. JAMA
Neurol. 2020;77(12):1486-1495.
Moradj a Y, Leyine SR. Comparison of short-term obtcomes of
thromboj sis for in-hospital stroke and odt-of-hospital stroke in
United States. Stroke. 2013;44(7):1903-1908.
Vera R, Lago A, Flentes B, et al. In-hospital stroke: a milti-centre
prospectiye registy . Eur ] Neurol. 2011;18(1):170-176.
Gatdino M, Benesch C, Bakaeen F, et al. Considerations for redb.c-
tion of risk of perioperatiye stroke in addlt patients dndergoing car-
diac and thoracic aortic operations: a scientific statement from the
American Heart Association. Circulation. 2020;142(14):e193—e209.


https://doi.org/10.1016/j.lanwpc.2023.100890
https://doi.org/10.1016/j.lanwpc.2023.100890
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref1
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref1
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref2
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref2
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref2
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref3
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref3
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref3
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref4
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref4
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref4
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref5
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref5
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref5
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref5
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref6
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref6
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref6
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref6
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref6
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref7
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref7
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref7
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref8
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref8
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref8
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref8
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref9
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref9
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref9
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref9
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref10
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref10
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref10
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref11
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref11
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref11
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref12
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref12
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref12
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref13
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref13
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref13
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref13
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref14
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref14
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref14
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref14
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref15
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref15
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref15
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref15
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref16
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref16
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref16
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref16
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref17
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref17
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref17
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref17
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref18
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref18
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref18
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref19
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref19
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref19
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref19
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref20
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref20
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref20
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref20
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref20
http://www.nhc.gov.cn/yzygj/s7657/202001/61297c8b37914c4798c9b2c39735c769/files/080c17e2bc0e49a69226ad2ba297c1a4.pdf
http://www.nhc.gov.cn/yzygj/s7657/202001/61297c8b37914c4798c9b2c39735c769/files/080c17e2bc0e49a69226ad2ba297c1a4.pdf
http://www.nhc.gov.cn/yzygj/s7657/202001/61297c8b37914c4798c9b2c39735c769/files/080c17e2bc0e49a69226ad2ba297c1a4.pdf
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref22
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref22
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref22
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref22
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref22
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref22
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref22
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref22
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref24
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref24
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref23
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref23
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref23
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref25
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref25
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref25
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref26
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref26
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref26
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref27
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref27
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref28
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref28
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref28
http://refhub.elsevier.com/S2666-6065(23)00208-0/sref28
www.thelancet.com/digital-health

	Clinical characteristics, in-hospital management, and outcomes of patients with in-hospital vs. community-onset ischaemic s ...
	Introduction
	Methods
	The Chinese Stroke Center Alliance
	Study population
	Study variables
	Statistical analysis
	Ethics statement
	Role of the funding source

	Results
	Clinical characteristics
	In-hospital management measures
	In-hospital outcomes
	In-hospital outcomes among subgroups

	Discussion
	Conclusions

	ContributorsHQG, ZXL, and YJW conceptualised and designed the study. CJW, XY, and YJ collected the data. HQG drafted the ma ...
	Data sharing statementThe data used for this analysis can be made available upon reasonable request to the corresponding au ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


