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AbstrACt
Objective Evidence-based performance measures have 
been increasingly used to evaluate hospital quality of stroke 
care, but their impact on stroke outcomes has not been 
verified. We aimed to evaluate the correlations between 
hospital performance measures and outcomes among 
patients with acute ischaemic stroke in a Chinese population.
Methods Data were derived from a prospective cohort, 
which included 120 hospitals participating in the China 
National Stroke Registry between September 2007 
and August 2008. Adherence to nine evidence-based 
performance measures was examined, and the composite 
score of hospital performance measures was calculated. The 
primary stroke outcomes were hospital-level, 30-day and 
1-year risk-standardised mortality (RSM). Associations of 
individual performance measures and composite score with 
stroke outcomes were assessed using Spearman correlation 
coefficients.
results One hundred and twenty hospitals that recruited 
12 027 patients with ischaemic stroke were included in 
our analysis. Among 12 027 patients, 61.59% were men, 
and the median age was 67 years. The overall composite 
score of performance measures was 63.3%. The correlation 
coefficients between individual performance measures 
ranged widely from 0.01 to 0.66. No association was 
observed between the composite score and 30-day RSM. 
The composite score was modestly associated with 1-year 
RSM (Spearman correlation coefficient, 0.34; p<0.05). 
The composite score explained only 2.53% and 10.18% 
of hospital-level variation in 30-day and 1-year RSM for 
patients with acute stroke.
Conclusions Adherence to evidence-based performance 
measures for acute ischaemic stroke was suboptimal in 
China. There were various correlations among hospital 
individual performance measures. The hospital performance 
measures had no correlations with 30-day RSM rate and 
modest correlations with 1-year RSM rate.

IntrOduCtIOn 
Stroke remains to be the leading cause of 
mortality in China and was responsible for 
around 1.9 million deaths in 2013.1 Although 

evidence-based guidelines for stroke and tran-
sient ischaemic attack (TIA) have been devel-
oped and updated over time,2–4 there were 
variations and deficiencies in how these guide-
lines were applied.5–7 To reduce the national 
stroke burden, several national organisa-
tions have developed a set of evidence-based 
hospital performance measures to quantify 
and promote quality of stroke care.7–9 

Evidence-based hospital performance 
measures evaluated the structure, process 
and outcome of stroke care, and provided 
a metric that could be tracked, reported 
and improved.10 Evidence-based hospital 
performance measures have also been 
increasingly used for certification of stroke 
centres,11 public reporting12 and remuner-
ation for performance.13 Although there 
has been substantial improvement in the 
quality of stroke care in China, gaps still 
exist in adherence to the evidence-based 
hospital performance measures. In addition, 
although measuring outcomes after stroke 
has important policy implications,14 there 
has been limited evidence demonstrating the 

strengths and limitations of this study

 ► As the largest stroke database in China, hospitals 
participating in the China National Stroke Registry 
encompassed different regions and had good 
representativeness.

 ► We used the newer risk-standardised mortality 
method based on hierarchical models to account 
for variation in case numbers across hospitals or for 
intrahospital clustering effects.

 ► Our study was observational and non-randomised.
 ► The association between hospital performance 
measures and stroke outcomes did not necessarily 
prove causality.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-020467
http://dx.doi.org/10.1136/bmjopen-2017-020467
http://dx.doi.org/10.1136/bmjopen-2017-020467
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2017-020467&domain=pdf&date_stamp=2018-07-31
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association between adherence to performance measures 
and better patient outcomes.15

The China National Stroke Registry (CNSR) was a 
national, hospital-based, prospective stroke registry which 
encompassed different regions and had good represen-
tativeness.16 The CNSR thoroughly investigated all indi-
cators related to the quality of stroke care, including 
evidence-based acute performance measures and perfor-
mance measures at discharge. Thus, it could reflect the 
real situation of stroke care in China. Using data from the 
CNSR, we sought to determine whether evidence-based 
hospital performance measures were associated with 
short-term and long-term outcomes in patients with acute 
ischaemic stroke in China. Specifically, we (1) reported 
the hospital variations in adherence to evidence-based 
performance measures, (2) assessed the correlations 
between each individual performance measure, and (3) 
quantified the associations between the performance 
measures and hospital-level, risk-standardised, 30-day and 
1-year mortalities among patients with acute ischaemic 
stroke in China.

MethOds
Cnsr overview
The CNSR was the first nationwide, hospital-based, 
prospective stroke registry of quality assessment in China, 
conducted between September 2007 and August 2008. It 
was sponsored by the Ministry of Health of the People’s 
Republic of China to establish a national stroke database 
to evaluate the quality of stroke care and outcomes. The 
study design of CNSR has been described previously.16 
Briefly, the criteria used for hospital selection included 
the following: (1) having at least one stroke neurologist, 
(2) at least two sites were included from each of the 31 
provinces and municipalities in mainland China, (3) 
commitment to participate voluntarily and (4) ability 
to conduct research.16 17 The CNSR recruited consec-
utive patients older than 18 years and diagnosed with 
ischaemic stroke, TIA, intracerebral haemorrhage or 
subarachnoid haemorrhage within 14 days of the index 
event. We collected patients’ demographics, adherence to 
performance measures during hospitalisation, and status 
at discharge, 90-day, 6-month and 1-year follow-up after 
symptom onset. Written informed consent was acquired 
from the patient or the legally authorised representative.

data collection
The characteristics of the hospitals were surveyed. 
According to the annual report on health statistics 
of China,18 hospitals were divided into three regions: 
eastern, central and western. Academic status was defined 
as being affiliated with a specific university or not. Hospital 
bed size was the number of total inpatient beds per site. 
Annual stroke discharge was the number of discharged 
patients diagnosed with stroke per year of each partici-
pating hospital.

Trained research coordinators at each hospital reviewed 
medical records daily to identify, obtain informed consent 
and enrol consecutive patients in accordance with the 
procedures indicated in a standard data collection 
manual. The key variables in the CNSR were assessed, 
including (1) demographic characteristics and medical 
history; (2) prestroke modified Rankin Scale (mRS) and 
National Institutes of Health Stroke Scale (NIHSS) scores 
on admission, vascular risk factors, and clinical care 
during hospitalisation; and (3) 30-day and 1-year all-cause 
mortalities after stroke. Patients or their authorised care-
givers were contacted via telephone by trained research 
personnel with standardised scripts for follow-up at 90 
days, 6 months and 1 year after stroke symptom onset.16 
Specific death events and dates were recorded in detail, 
and 30-day and 1-year all-cause mortalities after stroke 
were confirmed.

Performance measures
We evaluated nine hospital performance measures, 
including seven ‘core’ measures for acute ischaemic 
stroke as recommended by the American Heart Asso-
ciation/American Stroke Association (AHA/ASA) 
Get With The Guidelines-Stroke (GWTG-Stroke)7 and 
two additional evidence-based secondary prevention 
metrics.4 These seven core performance measures 
included (1) intravenous tissue-type plasminogen 
activator in patients who arrived within 2 hours after 
symptom onset and treated within 3 hours (intrave-
nous recombinant tissue-type plasminogen activator 
(rt-PA) <2 hours); (2) antithrombotic medication within 
48 hours of admission (early antithrombotics); (3) deep 
vein thrombosis (DVT) prophylaxis within 48 hours of 
admission for non-ambulatory patients (DVT prophy-
laxis); (4) antithrombotic medication; (5) anticoagu-
lation for atrial fibrillation (AF); (6) medications for 
lowering low-density lipoprotein (LDL) ≥100 mg/dL; 
and (7) smoking cessation. The two additional perfor-
mance measures were antihypertensive medication for 
patients with hypertension and hypoglycaemia medica-
tion for diabetes mellitus. Details of the performance 
measures are described in table 1.

Adherence to hospital-level individual performance 
measures was calculated as the proportion of patients who 
received the indicated care among all the patients who 
were eligible for the indicated care. The overall hospital 
performance measures were measured as the composite 
score, which was calculated by the total number of inter-
ventions actually performed among all eligible patients at 
a hospital, divided by the total number of recommended 
interventions in all eligible patients.19 Although the 
composite score was analysed as a continuous variable, 
hospitals were also divided, for descriptive purposes, into 
quartiles based on this continuous variable. To ensure 
the stability of the measure, hospitals with fewer than 
20 patients in the denominator of any measures were 
excluded.
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risk-standardised mortality rates
Risk-standardised mortality (RSM) rates were calculated 
using a multivariate hierarchical regression model in 
accordance with the AHA/ASA recommendations for 
risk adjustment of ischaemic stroke outcomes to compare 
hospital performance.15 The first level of the hierar-
chical model included patient characteristics. These 
patient variables were divided into three categories: (1) 
demographics and clinical features: age, gender, health 
insurance type (urban basic medical insurance schemes 
for urban and governmental employees and urban resi-
dents, new rural cooperative medical schemes for rural 
residents, commercial insurance, and self-payment), 
transport to hospital by emergency medical service and 
NIHSS score on admission; (2) vascular risk factors: 
hypertension, diabetes mellitus, dyslipidaemia, AF, 
coronary artery disease, previous myocardial infarction, 
congestive heart failure, valvular heart disease, history 
of stroke/TIA, peripheral vascular disease, current 
smoking and excessive alcohol consumption; and (3) 
other pre-existing comorbid conditions: chronic obstruc-
tive pulmonary disease, hepatic cirrhosis, peptic ulcer, 
previous gastrointestinal bleeding, Alzheimer’s disease/
dementia, cancer, DVT/pulmonary embolus, renal dial-
ysis, prestroke dependence (mRS ≥3) and blood glucose 

on admission. The second level included hospital-spe-
cific random intercepts that allow for different baseline 
mortalities between hospitals. The hospital RSM rates 
were obtained as the ratio of ‘predicted’ to expected 
mortality, multiplied by the unadjusted mortalities for 
the total population.20 21 The expected outcome for 
each hospital was the number of deaths expected at the 
hospital if the hospital’s patients were treated at a ‘refer-
ence’ hospital. The predicted hospital-level outcome 
was the number of expected mortalities at the ‘specific’ 
hospital and not at a reference hospital.

statistical analyses
Numbers (percentages) were used to describe cate-
gorical variables, and median values with IQRs were 
reported for continuous variables. The correlations of 
individual performance measures, as well as performance 
measures and stroke outcomes, were evaluated using 
Spearman correlation coefficients. Bonferroni correction 
was performed in multiple comparisons. The interclass 
correlation (ICC) of 30-day and 1-year RSM rates was 
calculated. The relevant correlation coefficients and the 
percentage of the hospital-specific variations in RSM rates 
were explained using the squares of the correlation coef-
ficients as indicators of the strength of the associations.22

Table 1 Specifications of evidence-based performance measures

Performance measures of 
ischaemic stroke care Definition of performance measures for eligible patients*

Acute performance measures

  Intravenous rt-PA <2 hours Intravenous recombinant tissue plasminogen activator (rt-PA) in patients who arrived within 
2 hours after initial symptom onset and treated within 3 hours.

  Early antithrombotics Antithrombotic therapy prescribed within 48 hours of hospitalisation, including antiplatelet 
or anticoagulant therapy.

  DVT prophylaxis Patients at risk for deep vein thrombosis (DVT) (non-ambulatory) who received DVT 
prophylaxis by end of hospital day 2, including pneumatic compression, warfarin sodium or 
heparin sodium.

Performance measures at discharge

  Discharge antithrombotics Antithrombotic therapy prescribed at discharge.

  Anticoagulation for atrial 
fibrillation

Anticoagulation prescribed at discharge for patients with atrial fibrillation or atrial flutter 
documented during hospitalisation.

  LDL 100 Lipid-lowering agent prescribed at discharge if low-density lipoprotein (LDL) ≥100 mg/dL.

  Antihypertensive therapy for 
hypertension

Antihypertension medication prescribed at discharge for patients with a history of 
hypertension or hypertension documented during hospitalisation.

  Hypoglycaemic therapy for 
diabetes mellitus

Hypoglycaemic medication prescribed at discharge for patients with a history of diabetes 
mellitus or diabetes mellitus documented during hospitalisation.

  Smoking cessation Smoking cessation intervention (counselling or medication) prior to discharge for current or 
recent smokers.

*Eligible patients were those without any medical contraindications (eg, treatment intolerance, excessive risk of adverse reaction, patient/
family refusal or terminal illness/comfort care only) and documented as reasons for non-treatment for each of the applicable measures. We 
also excluded patients who were discharged to hospice, or another short-term general hospital, or against medical advice before the end 
of hospital day 2. For acute performance measures except for rt-PA measure, we excluded patients who died before the end of hospital 
day 2. For the acute rt-PA measure, we excluded patients with missing or erroneous onset, arrival or treatment times, those who began 
intravenous tissue-type plasminogen activator (t-PA) at an outside hospital, or who initiated intravenous t-PA after 180 min from onset. For 
performance measures at discharge, we excluded patients who died during hospitalisation. As for seven performance measures from the Get 
With The Guideline-Stroke (GWTG-Stroke), we employed the same criteria as the GWTG-Stroke.
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All tests were two-tailed, and statistical significance was 
determined at the α level of 0.05 in univariate and multi-
variate analyses. Statistical analysis was performed using 
SAS V.9.3.

Patient and public involvement
No patients were involved in the planning of this study. 
Patients were recruited via the doctors and investiga-
tors at local hospitals in China. Once the results of the 
study have been published in a peer-reviewed journal, a 
summary of the main study findings will be distributed to 
the patients in Chinese language via the local doctors and 
investigators.

results
study hospitals and patient baseline characteristics
Among 14 526 eligible patients diagnosed with acute 
ischaemic stroke from 132 hospitals throughout China, 
complete 1-year follow-up information was available 
for 12 173 patients (83.8%). We excluded 12 hospitals 
with fewer than 20 patients in the denominator of any 
measures. Finally, 120 hospitals that recruited 12 027 
patients with ischaemic stroke were included in our anal-
ysis. Hospital and patient baseline characteristics are 
described in table 2. Among 120 hospitals, 62 (51.67%) 
hospitals were teaching hospitals and 70 (58.33%) were 
from eastern regions. The median hospital bed size was 
1200 (IQR, 700–1861) and the annual stroke volume 
was 430 (IQR, 310–601). Among 12 027 patients, 7407 
(61.59%) were men, and the median age was 67 (IQR, 
57–75) years. Common vascular risk factors included 
hypertension, previous stroke/TIA, smoking history and 
diabetes. The median NIHSS score was 4 (IQR, 2–9).

Variability in performance measures
The overall composite score was 63.3% among the 
120 hospitals. However, the composite score for each 
hospital varied considerably among the CNSR (table 3). 
The hospitals in the highest quartile (quartile 4) had a 
median (IQR) composite score of 85.1% (82.2%–89.9%), 
compared with 50.9% (44.2%–58.1%)%) for those in the 
lowest quartile (quartile 1).

In table 3, we showed hospital rates (median and IQR) 
for each process measure, as well as 30-day and 1-year 
RSM rates. For acute interventions, the early antithrom-
botics showed the lowest degree of variance, although the 
difference between the first and third quartiles remained 
significant. In contrast, there were twofold to threefold 
differences in the use of intravenous rt-PA <2 hours, DVT 
prophylaxis, anticoagulant for AF and lipid-lowering 
medication for LDL ≥100 mg/dL.

Correlations of performance measures
The correlations between two individual hospital perfor-
mance measures varied widely (table 4). After Bonferroni 
correction (p<0.001), we found moderate correlations 
(Spearman correlation coefficient ≥0.40; p<0.001 for all) 

for all pairwise comparisons between antithrombotic at 
discharge and lipid-lowering drugs for LDL ≥100 mg/
dL, antihypertensive medication and antidiabetic medi-
cation, and between antidiabetic medication and anti-
hypertensive medication and smoking cessation at 
discharge. Other hospital performance measures had 
modest correlations or no correlations with each other 
(Spearman correlation coefficient <0.40 for all).

Association of performance measures with hospital-level rsM 
rates
The median 30-day and 1-year RSM rates (IQR) were 
5.41% (4.91%–6.17%)%) and 13.55% (12.77%–14.48%), 
respectively (table 3). The ICC of 30-day RSM rate was 
0.065, and the ICC of 1-year RSM rate was 0.041.

All performance measures showed no correlations with 
30-day RSM rate. Several performance measures showed 
statistically significant, but modest, correlations with 
1-year RSM rate, including antithrombotics at discharge 
(Spearman correlation coefficient=0.32), antihyperten-
sive medication (Spearman correlation coefficient=0.30) 
and antidiabetic medication (Spearman correlation coef-
ficient=0.31) (p<0.05 for all) (table 4). These perfor-
mance measures individually explained between 0.04% 
and 5.02% of hospital-level variation in 30-day RSM rate, 
and between 0.08% and 10.05% of hospital-level variation 
in 1-year RSM rate (table 5).

No correlation was observed between the hospital-level 
composite score and 30-day RSM rate (Spearman correla-
tion coefficient=0.16). Modest correlation was observed 
between the hospital-level composite score and 1-year 
RSM rate (Spearman correlation coefficient=0.32). The 
composite score explained 2.53% and 10.18% of the 
hospital-level variation in 30-day and 1-year RSM rates, 
respectively (table 5).

dIsCussIOn
The present study found that ischaemic stroke care was 
suboptimal in China and there were various correlations 
among hospital performance measures. The hospital-level 
composite score had no correlation with 30-day RSM 
rate and a modest correlation with 1-year RSM rate. This 
finding suggested hospital performance measures cannot 
reliably infer short-term and long-term mortalities after 
acute ischaemic stroke. Our results underscored that the 
current performance measures of stroke care provided 
complementary, but not redundant, information with the 
measures of 30-day and 1-year mortalities.

When comparing our data with the GWTG-Stroke in 
America, we found that ischaemic stroke care was subop-
timal in China. The GWTG-Stroke programme was devel-
oped by the AHA/ASA as a national stroke registry and 
performance improvement programme with the primary 
goal of improving the quality of care and outcomes of 
stroke and TIA in America.7 14 The comparison showed 
that many hospital performance measures in China 
were far down from the GWTG-Stroke,14 23 including 
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Table 2 Baseline characteristics of patients with acute ischaemic stroke in the China National Stroke Registry

Level n (%)

Patient characteristics
  Total 12 027

  Demographics

    Age, years Median (IQR) 67 (57–75)

    Gender Male 7407 (61.59)

Female 4620 (38.41)

    Insurance scheme UBMIS 7311 (60.79)

NRCMS 2027 (16.85)

Commercial 397 (3.30)

Self-payment 2292 (19.06)

    Transport to hospital by EMS Yes 1901 (15.81)

    NIHSS score on admission Median (IQR) 4 (2–9)

Vascular risk factors

    Previous stroke/TIA Yes 4088 (33.99)

    Diabetes Yes 2593 (21.56)

    Hypertension Yes 7672 (63.79)

    Dyslipidaemia Yes 1344 (11.17)

    CHD/previous MI Yes 1748 (14.53)

    Atrial fibrillation Yes 892 (7.42)

    PVD Yes 76 (0.63)

    Ever smoking Yes 4779 (39.74)

    Heavy drinking Yes 1873 (15.57)

Pre-existing comorbid conditions

    Congestive heart failure Yes 250 (2.08)

    Valvular heart disease Yes 288 (2.42)

    Chronic obstructive pulmonary disease Yes 138 (1.15)

    Hepatic cirrhosis Yes 41 (0.34)

    Peptic ulcer disease Yes 336 (2.81)

    Previous gastrointestinal bleeding Yes 184 (1.54)

    Dementia/Alzheimer’s disease Yes 156 (1.30)

    Cancer Yes 215 (1.80)

    Deep venous thrombosis/pulmonary embolus Yes 77 (0.64)

    Renal dialysis Yes 9 (0.08)

    Prestroke dependence (mRS>2) Yes 1120 (9.31)

    Glucose on admission (≥7.5 mmol/L) Yes 2328 (19.72)

Hospital characteristics

  Total 120

  Hospital size

    Beds Median (IQR) 1200 (700–1861)

  Hospital type

    Teaching Yes 62 (51.67)

  Annual stroke discharges Median (IQR) 430 (310–601)

  Geographical region
    East Yes 70 (58.33)

Continued
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the composite score (63.3% in 2007 CNSR vs 94.0% in 
2007 GWTG-Stroke), intravenous rt-PA <2 hours (14.1% 
in 2007 CNSR vs 72.8% in 2007 GWTG-Stroke), early 
antithrombotics (80.3% in 2007 CNSR vs 97.0% in 2007 
GWTG-Stroke), DVT prophylaxis (59.6% in 2007 CNSR 
vs 89.5% in 2007 GWTG-Stroke), discharge antithrom-
botics (71.0% in 2012 CNSR vs 98.9% in 2007 GWTG-
Stroke), anticoagulation for AF (19.7% in 2007 CNSR 
vs 98.4% in 2007 GWTG-Stroke), lipid-lowering drug for 
LDL ≥100 mg/dL (42.6% in 2012 CNSR vs 88.3% in 2007 
GWTG-Stroke) and smoking cessation (63.3% in 2007 
CNSR vs 93.6% in 2007 GWTG-Stroke). Financial burden, 
lack of stroke centre certification and stroke education 
might be the main reasons.

The relationships between performance measures 
and stroke outcomes remained uncertain. Some studies 
have indicated that the use of performance measures 
was associated with lower short-term mortality and better 
functional outcomes.24–26 However, the links between 
these stroke performance measures and outcomes were 
not clear in other studies.27–30 There were several prob-
able reasons for the modest correlations between hospi-
tal-level performance measures and RSMs in the present 

study. First, although clinical trials have shown signifi-
cant relationships between performance measures and 
outcomes,31 32 the evidence-based performance measures 
were not mainly designed for overall short-term and long-
term hospital mortalities. Second, there was relative little 
variation across hospitals in some performance measures, 
such as early antithrombotics after admission, which 
limited the ability to discriminate between hospitals based 
on their performance on these measures. Additionally, 
some performance measures, such as intravenous rt-PA, 
might have a greater effect regarding stroke-related 
disability than mortality.33 Finally, hospital mortalities, 
even risk-standardised ones, were more likely affected by 
many factors independent of the performance measures 
of stroke care quality, such as severity of stroke, patients’ 
or their family’s preference, economic level and clinical 
strategies that might contribute to a hospital’s perfor-
mance outcomes.34

The present study also demonstrated significant correla-
tions between certain evidence-based performance 
measures for acute ischaemic stroke care, indicating that 
hospitals performing well in one performance measure 
were more likely to perform well in other measures. 
However, other performance measures were less strongly 
correlated with each other. This finding implied different 
performance measures reflected separate components 
of quality in acute ischaemic stroke care. Our work indi-
cated that hospital performance rankings were likely to 
be substantially affected by the performance measures 
under selection. A broader range of performance 
measures may be needed to comprehensively reflect the 
quality of stroke care.

Our study had several strengths. First, to date, the CNSR 
is the largest stroke database in China. Hospitals partici-
pating in the CNSR encompassed different regions and 
had good representativeness. Second, we used the newer 
RSM method based on hierarchical models to account for 
variation in case numbers across hospitals or for intrahos-
pital clustering effects.15 Third, the baseline characteris-
tics of patients, such as age, gender, vascular risk factors, 
comorbid conditions and stroke severity (NIHSS score), 
were adjusted in calculating the RSMs in accordance with 
the AHA/ASA.15 34 Additionally, besides short-term RSM, 
our study also analysed long-term RSM.

However, our study also had some limitations. First, 
our study was observational and non-randomised. The 
association between stroke care performance and stroke 
outcomes did not necessarily prove causality and may be 

Level n (%)

    Middle Yes 26 (21.67)
    West Yes 24 (20.0)

CHD, coronary artery disease; EMS, emergency medical service; MI, myocardial infarction; mRS, modified Rankin 
Scale; NIHSS, National Institutes of Health Stroke Scale; NRCMS, new rural cooperative medical scheme; PVD, 
peripheral vascular disease; TIA, transient ischaemic attack; UBMIS, urban basic medical insurance scheme.

Table 2 Continued 

Table 3 Hospital performance measures and RSM rates

Measures Median (IQR, %)

Composite score 65.65 (59.05–72.75)

Acute interventions

  Intravenous rt-PA <2 hours 0.00 (0.00–25.00)

  Early antithrombotics 80.68 (73.21–88.24)

  DVT prophylaxis 59.22 (33.33–70.00)

Discharge interventions

  Discharge antithrombotics 77.00 (64.89–85.15)

  Anticoagulation for AF 14.29 (0.00–26.97)

  LDL 100 41.89 (25.00–61.72)

  Antihypertensive medication 61.37 (45.46–75.00)

  Antidiabetic medication 67.03 (53.15–79.58)

  Smoking cessation 70.87 (50.55–83.33)

  RSM rate

    30-day 5.41 (4.91–6.17)

    1-year 13.55 (12.77–14.48)

AF, atrial fibrillation; DVT, deep vein thrombosis; LDL, low-density 
lipoprotein; RSM, risk-standardised mortality; rt-PA, recombinant 
tissue-type plasminogen.
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confounded by previously discussed factors. Second, our 
outcome was mortality; other outcomes such as stroke 
recurrence and functional outcomes were also vital to 
patients, which should be assessed in future studies.30 
Third, the hospital performance measures, stroke 
outcomes and the relationships between them might vary 
over time (such as extended time window for thrombol-
ysis). Future research needs to determine the stability 
of the process–outcome relationship as quality improve-
ment efforts would drive broader care adoption. Fourth, 
our data were collected between 2007 and 2008; there-
fore, interpretation of our data might be limited. Future 
research is needed to confirm our results. Finally, there 
were several differences in stroke healthcare delivery 
systems between China and other countries. The results 
reported herein came from the Chinese healthcare 
system and therefore may not necessarily be generalisable 
to other countries.

COnClusIOns
Adherence to evidence-based performance measures 
for acute ischaemic stroke was suboptimal in China. 
There were various correlations among hospital indi-
vidual performance measures. The hospital performance 
measures had no correlations with 30-day RSM rate and 
modest correlations with 1-year RSM rate. More measures 
are needed to assess and improve the quality of hospi-
tal-level stroke care in China.
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