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ABSTRACT

Background Timely delivery of intravenous tissue
plasminogen activator (IV-rt PA) is pivotal to eligible
patients who had a stroke while achieving higher rates

of IV-rt PA has been problematic. This paper focuses

on investigating influential factors associated with the
administration of IV-rt PA, primarily per capita gross
regional product (GRP) and healthcare system factors.
Methods The study included 980 hospitals in the
Chinese Stroke Center Alliance where 158 003 patients
who had an acute ischaemic stroke received IV-rt PA
between August 2015 and August 2019. The adherence
rate to IV-rt PA within 4.5 hours time window in each
hospital was the primary outcome. Influential factors were
grouped into two categories: macroeconomic status and
hospital characteristics. The outcome was analysed using
multivariable linear regression.

Results GRP per capita (3=2.37, p<0.001), hospital
stroke centre certification (3=3.77, p<0.001), number of
neurologists (3=0.12, p<0.001), existence of emergency
services for neurological treatment (3=7.43, p=0.014),
presence of emergency department (3=10.03, p=0.019)
and cooperating with emergency centre (3=4.65, p=0.029)
were significantly positively associated with the adherence
rate to IV-rt PA.

Conclusions Higher GRP per capita, affluent neurological
personnel, well-equipped emergency services for
neurological treatment and routine cooperation with the
emergency centre were important for enhancing the
adherence rate to IV-rt PA among patients who had an
acute ischaemic stroke in China.

INTRODUCTION

Stroke is the second leading cause of death
in the world and the leading cause of death
in China, the country alone accounting
for roughly one-third of worldwide stroke
mortality,' * with escalating cost to the health-
care system.” Thrombolysis using intravenous
tissue plasminogen activator (tPA) is one of
the few evidence-based acute stroke treat-

2® Zixiao Li
2% Yong Jiang,?® Haipeng Shen,

234 Hongqiu Gu © ,2® Xin Yang,*®

the treatment for patients who had an acute
ischaemic stroke (AIS): treatment with intra-
venous tPA within 4.5hours of the stroke
onset significantly improves clinical outcomes
at 3months.*®

Although the overall quality of stroke care
has significantly improved in China, there was
no significant improvement in the adherence
rate of IV-rt PA (14.1% in 2007-2008 vs 18.3%
in 2012-2013), which remained significantly
lower than thatin the Get With The Guidelines-
Stroke (GWTG-Stroke) programme (72.8%
in 2007).7 ¥ Potential reasons for the low rate
include prehospital delay, lack of regional
stroke care network, high cost of tPA, low
insurance coverage and concern about haem-
orrhagic risk.” Significant opportunities still
exist for further improvement.

A recent meta-analysis has summarised
what healthcare system factors contributed
to the improvement of the thrombolysis
ralte,3 including travel time and location®™!
(eg, urban rather than rural location or a
centralised/‘hub’ model linking outlying
centres with other, generally larger, centres),
training, skills and expertise11 2 (treatment
by a neurologist or in a neurology depart-
ment; admission to a stroke unit; treatment
at a hospital with higher volume of stroke
admissions or neurology beds; or accred-
itation as a ‘medical centre’), facilities and
staffing'" "7 (having a neurologist, stroke
nurse or a stroke team; neurological or
neuroimaging services; and weekend arrival)
and organisational elements'* ' '® (use of
stroke-specific protocols or transfer by ambu-
lance/mobile emergency team rather than
other means). However, detailed empirical
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Anecdotal studies mainly focused on the potential
effect of individual-level socioeconomic status (SES) on
the delivery of IV-rt PA, with conflicting observations.
Wang et al claimed that patients with higher income were
nearly twice as likely to receive IV-rt PA in China using the
Chinese National Stroke Registry (CNSR) data.'? Ader et
al observed that SES wasn’t associated with tPA adminis-
tration among patients in the USA.*" It remains unclear
how socioeconomic factors are associated with adherence
rate of IV-rt PA. To the best of our knowledge, there are
no published empirical studies that explore how macro-
economics and hospital-level factors associate with the
adherence rate to IV-rt PA in China.

We aim to study the above research question, leveraging
the natural imparity of social and economic development
across China. Following previous quality improvement
initiatives, such as the GWTG-Stroke programme, the
Chinese Stroke Association initiated the Chinese Stroke
Center Alliance (CSCA) in June 2015, as the national
hospital-based stroke care quality assessment and improve-
ment platform.?! Using data from the CSCA, we sought to
identify how regional economic development and health-
care system factors were associated with adherence rate to
IV-rt PA among eligible patients treated <4.5hours from
symptom onset.

METHODS

Data collection

Hospital data were collected from the database of the
CSCA, a national, hospital-based, multicentre, volun-
tary, multifaceted intervention and continuous quality
improvement initiative,”' via a web-based data collection
and management tool (Medicine Innovation Research
Center, Beijing, China). Details of the CSCA programme
have been previously described elsewhere.?' All partici-
pating hospitals received research approval to collect data
without requiring individual patient informed consent
under the common rule or a waiver of authorisation and
exemption from their institutional review board.

Outcome measure

The primary outcome was the adherence rate to IV-rt PA
in each hospital. To determine the adherence rate, for
each hospital in our study, we considered those patients
that are eligible for IV-rt PA, and are without any medical
contraindications (eg, treatment intolerance, excessive
risk of adverse reaction, patient/family refusal or terminal
illness/comfort care only),”! and calculated the propor-
tion of those that received the treatment within 4.5 hours.

Factors

We grouped the influential factors into two catego-
ries: macroeconomic status and hospital characteristics
(healthcare system factors).

Macroeconomic status
We determined the macroeconomic status of each
hospital using the hospital’s province per capita gross

regional product (GRP), collected from the Statistical
Yearbook published by the National Bureau of Statistics
of China.” As documented in the existing literature, GRP
is conceptually equivalent to gross domestic product and
measures newly created value through production by
regional production unit (‘province’ in this study).*

Hospital characteristics (healthcare system factors)

Hospital characteristics were classified into three aspects
following the meta-analysis. The list of variables was
selected by clinicians and statisticians based on expe-
rience and previous model fitting. We characterised a
hospital’s training skills and expertise by AIS volume;
hospital level (1 if the hospital is a tertiary hospital and 0
if the hospital is a secondary hospital); presence of stroke
certification (1 if the hospital is a comprehensive stroke
centre (CSC); 0 if the hospital is a primary stroke centre
(PSC)); teaching status (1 if the hospital has a medical
school affiliation; otherwise, 0); whether a hospital has a
neurology department or not (1 if the hospital has one;
otherwise, 0); whether a hospital is equipped with stroke
units or not. Hospital facility and staffing were proxied by
whether a hospital has an emergency department (ED)
or not; the number of beds in the neurology department;
whether a hospital has neurologists or not; the number
of beds in the ED; whether a hospital has stroke nurses or
not; whether a hospital has a stroke team or not; whether
a hospital provides emergency services for thrombolytic
treatment for patients who had an AIS or not; the number
of neurologists, the number of thrombolytic specialists;
the number of neuroimaging services (CT and MRI; the
number of stroke allocated beds (the fixed number of
beds for neurological treatment in the ED). In addition,
we included whether a hospital has cooperation with the
emergency centres or not, whether a hospital has stroke-
specific protocols as proxies for organisational elements.
All variables had a low rate of missing data (<3%) except
for the number of beds in the ED (4.2%).

Statistical analysis

To assess what factors might be associated with adher-
ence rate of IV-rt PA, we first calculated quartiles of the
hospital adherence rate, and then grouped the hospitals
according to the quartiles. Within each adherence rate
quartile, we calculated summary statistics of hospital char-
acteristics.

Multivariable linear regression was used to identify
the effect of each factor. For multivariable analysis, all
factors were included in the same model and a backward
stepwise approach was implemented for variable selec-
tion to obtain a parsimonious model. The results of the
regression were presented as the beta coefficients (3),
describing the magnitude and directionality of change
in the dependent variable for every 1-unit change in the
independent variable. The standardised beta coefficients
(standardised ) were used to compare the effect of each
factor to the adherence rate after scaling the different
units of the factors. P<0.05 was used as the significance
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Figure 1
product (GRP) per capita distribution.

level. Statistical analyses were performed with the R soft-
ware (V.3.6.3).

RESULTS

We studied a total of 980 unique hospitals, with 158003
patients from 31 provinces in China, with the exception
of Hong Kong SAR, Macau SAR and Taiwan, between
August 2015 and August 2019.

Figure 1 illustrates the location of the CSCA hospitals,
along with the IV-rt PA adherence rate quartiles and the
GRP per capita level. As seen on the map, the hospitals
achieving high adherence rate generally located in the
high-GRP per capita areas, with a few exceptions.

Characteristics of factors within each IV-rt PA quartile

Table 1 illustrated significant differences in macro-
economic status and certain hospital characteristics
among the adherence rate quartiles. The IV-rt PA quar-
tile boundaries at the 25th, 50th, 75th percentiles were
5.7%, 16.9%, 33.3%, respectively. Hospitals with high
adherence rate appeared primarily in the high-GRP per
capita provinces; mean (SD) GRP per capita was ¥71 288
(¥27 074) for hospitals’ performance in the fourth quar-
tile (Q4), compared with ¥52657 (¥17 565) hospitals in
the first quartile (Q1), ¥57560 (¥22 278) in the second
quartile (Q2), and ¥65013 (¥23 039) in the third quartile
(Q3). The average AIS volume of the hospitals located
in Q1 was 366, compared with 577 in Q2, 591 in Q3 and
572 in Q4, the differences among which were significant
(p<0.001). The proportions of tertiary hospitals in Q3
and Q4 were 65.6% and 65.9%, respectively, which were
higher (p<0.001) than the percentages in Q1 (46.8%)
and Q2 (59.5%). Compared with the hospitals located in
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Q1 (11.9%) and Q2 (20.1%), the percentages of stroke-
certified hospitals (CSC) in Q3 (28.8%) and Q4 (30.5%)
were higher (p<0.001). The proportion of teaching hospi-
tals in Q1 and Q2 was 86.9% and 85.3%, respectively,
compared with 88.2% in Q3 and 92.7% in Q4 (p=0.044).
The number of hospital beds in neurology department
varied among different adherence rate quartiles, with
an average of 82 units in Q1, 90 units in Q2, 93 units in
Q3 and 87 units in Q4 (p=0.022). The proportion of the
presence of stroke units was higher in Q4 (77.0%) than
the other three quartiles (65.5% in Ql1, 66.4% in Q2 and
69.5% in Q3), with a p value of 0.006. The comparison
of these indicators across the quartiles suggested that the
hospitals with higher adherence rate had better training,
skills and expertise quality.

For characteristics reflecting hospital facility and
staffing resources, significant differences were also iden-
tified for certain factors. The proportion of hospitals
equipped with an ED varied significantly (97.4% in Ql,
100% in Q2, 98.8% in Q3 and 100% in Q4, p=0.026).
Significant difference in the availability of neurologists
across the quartiles was also observed with an average
number of 12 neurologists in Q1, 16 in Q2, 17 in Q3 and
14 in Q4, respectively (p<0.001). Hospitals with higher
adherence rate of IV-rt PA had a higher likelihood of
being equipped with an acute stroke team (84.9% in Ql,
91.8% in Q2, 94.7% in Q3 and 93.2% in Q4, p<0.001)
and providing ED services of thrombolysis (97.0% in Q1,
98.5% in Q2, 98.8% in Q3 and 99.1% in Q4, p=0.041).
As the adherence rate increased, the number of neuro-
imaging services also increased, including CT (average
number of CT in QIl, Q2, Q3, Q4 was 1.91, 2.15, 2.20,
2.36, respectively, p<0.001) and MRI (average number of
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Table 1 Baseline hospital characteristics of 980 hospitals overall and by intravenous tissue plasminogen activator (IV-rt PA)
quartile

IV-rt PA quartiles, median adherence rate

Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 P value *
<5.7%7% 5.7%-16.9% 16.9%-33.3% >33.3%
(n=980) (n=235) (n=269) (n=250) (n=226)
Macroeconomic characteristics
GRP per capita, mean (SD), ¥ 61452 52657 57560 65013 71288 <0.001
(23 694) (17 565) (22 278) (23 039) (27 074)
Hospital characteristics
Training, skills and expertise
Acute ischaemic stroke 525 366 577 591 572 <0.001
volume (243-946) (200-703) (275-976) (303-1041) (212-1005)
Tertiary hospital (n, %) 583 110 160 164 149 <0.001
(59.5%) (46.8%) (59.5%) (65.6%) (65.9%)
Comprehensive stroke centre 223 28 54 72 69 <0.001
(n, %) (22.8%) (11.9%) (20.1%) (28.8%) (80.5%)
Teaching hospital (n, %) 697 152 186 180 179 0.044
(88.2%) (86.9%) (85.3%) (88.2%) (92.7%)
Hospital with NEU (n, %) 969 232 267 247 223 0.833
(98.9%) (98.7%) (99.3%) (98.8%) (98.7%)
Hospital beds in NEU, mean 88 82 90 93 87 0.022
Hospital with stroke unit (n, 672 152 178 171 171 0.006
%) (69.4%) (65.5%) (66.4%) (69.5%) (77.0%)
Hospital facility and staffing
Hospital with ED (n, %) 967 228 269 246 224 0.026
(99.1%) (97.4%) (100.0%) (98.8%) (100.0%)
Beds in ED, mean 17 15 18 16 17 0.306
Hospital with neurologists (n, 950 235 268 249 223 0.402
%) (99.7%) (100.0%) (99.6%) (99.6%) (99.6%)
Neurologists, mean 15 12 16 17 14 <0.001
Hospital with stroke nurses (n, 963 230 266 245 222 0.558
%) (99.2%) (99.1%) (99.3%) (98.4%) (100.0%)
Hospital with stroke team (n, 879 197 245 231 206 <0.001
%) (91.2%) (84.9%) (91.8%) (94.7%) (93.2%)
Hospital providing ED services 948 225 263 242 218 0.041
of thrombolysis (n, %) (98.3%) (97.0%) (98.5%) (98.8%) (99.1%)
Thrombolytic specialists, mean 10 7 10 11 10 0.082
CT, mean 2.15 1.91 2.15 2.20 2.36 <0.001
MRI, mean 1.44 1.33 1.41 1.47 1.57 0.002
Fixed beds in ED for 58 52 62 61 55 0.058
neurological treatment, mean
Organisational elements
Cooperation with emergency 938 218 266 237 217 0.309
centres (n, %) (96.2%) (93.6%) (98.9%) (95.2%) (96.9%)
Hospital with stroke-specific 874 200 244 223 207 0.039
protocols (n, %) (90.6%) (87.3%) (91.0%) (90.3%) (93.7%)

*P values are based on Cochran-Armitage test for categorical variables and Jonckheere-Terpstra trend test for continuous variables.
tCalculated by N1/N2, N1 indicates the number of eligible patients receiving IV-rt PA; N2 represents the number of patients eligible for IV-rt
PA.

CT, computed tomography; ED, emergency department; GRP, gross regional product; MRI, magnetic resonance imaging; NEU, neurology
department.
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Table 2 Multivariable regression analysis between intravenous tissue plasminogen activator (IV-rt PA) and influential factors

Parameter Estimate (§) Standardised () SE t ratio P value*
Per capita GRP (¥ 10 000) 2.37 0.23 0.16 14.92 <0.001
Stroke centre type (PSC as reference group) 3.77 0.06 0.98 3.85 <0.001
Neurologists number 0.12 0.06 0.03 3.52 <0.001
Providing emergence service for neurological 7.43 0.04 3.02 2.46 0.014
treatment (no (0) as reference group)

Presence of ED (no (0) as reference group) 10.03 0.04 4.27 2.35 0.019
Cooperating with emergency centre (no (0) as 4.65 0.03 2.14 2.18 0.029
reference group)

Year: 2016 (2015 as reference group) -3.71 -0.06 1.44 -2.58 0.010
Year: 2018 4.44 0.07 1.40 3.16 0.002
Year: 2019 7.79 0.13 1.45 5.38 <0.001

r’=0.11; p<0.0001.

*Variables were selected by using backward stepwise model selection method. VIF of each variable in this model is around 1, which indicates

no multicollinearity issue. (online supplement table 1)

ED, emergency department; GRP, gross regional product; PSC, primary stroke centre.

MRI in Q1, Q2, Q3, Q4 was 1.33, 1.41, 1.47, 1.57, respec-
tively, p=0.002).

The percentage of hospitals using stroke-specific proto-
cols also varied significantly among the quartiles (87.3%
in Q1, 91.0% in Q2, 90.3% in Q3, 93.7% in Q4, p=0.039),
which reflected unequal implementation of organisation
guidelines and regulations of hospitals in different areas.

Multivariable analysis of adherence rate to IV-rt PA and
factors

The results of multivariable regression are reported
in table 2. We considered the adherence rate among
different years (2015 as the reference year) respec-
tively and included the time effect in the model as a
confounding variable. Six factors, including provincial
GRP per capita, the presence of stroke certification, the
number of neurologists, existence of emergency services
for thrombolytic treatment, presence of an ED and coop-
eration with emergency centres, remained significantly
associated with the adherence rate to IV-rt PA.

Among 980 CSCA hospitals located in the 31 provinces,
the adherence rate increased by 2.37% (p<0.001) for
every ¥10 000 increase in GRP per capita, after controlling
for the other factors. Among all the significant factors,
the effect of GRP per capita was the largest (absolute
value of the standardised g ,,=0.23). The adherence rate
to IV-rt PA in the hospitals accredited as CSCs was 3.77%
(p<0.001) higher than those PSCs. Compared with the
hospitals without emergency services for thrombolysis
treatment, the adherence rate was 7.43% higher in those
that provide the urgent care (p=0.014). The presence of
an ED corresponded to a 10.03% higher adherence rate
(p=0.019), while cooperation with emergency centre asso-
ciated with a 4.65% increase of adherence rate (p=0.029).

The year effect was included as a confounding factor
in our model. Compared to 2015, the adherence rate in
2018 and 2019 increased by 4.44% (p=0.002) and 7.79%

(p<0.001), respectively, while the adherence rate in 2016
was slightly lower ($=-3.71; p=0.010).

DISCUSSION

For this national study, our analysis observed significant
disparity of the adherence rate among 980 hospitals in
31 provinces in China, and identified that GRP per capita
had the most significant (positive) effect on the adher-
ence rate, even after controlling for the time effect and
hospital characteristics. This empirical evidence strongly
suggests that macroeconomic status may contribute to a
hospital’s adherence to IV-rt PA.

There are several reasons why macroeconomic status
may play a role. First, regional government health expen-
diture is directly affected by local economic develop-
ment.* Previous studies illustrated that the delay of TV-rt
PA treatment might be due to high cost of tPA." There-
fore, for those hospitals in the economically developed
areas, they may have more affluent financial support and
reimbursement from the local governments than those
in the economically underdeveloped areas. Second,
there might exist correlation between economic devel-
opment and healthcare resource allocation. For those
hospitals in the higher GRP per capita regions, they had
more access to better medical resources and personnel
(more neurologists, CT and MRI as well as more hospitals
equipped with stroke teams and providing ED services of
thrombolysis (table 1)) and therefore were more likely
to perform better. Third, there might exist association
between stroke centre certification and macroeconomic
status. According to the multivariable regression analysis,
we found that CSC performed significantly better than
PSC. Interestingly, in our data, compared with the hospi-
tals in the first two quartiles of the adherence rate, the
hospitals in the third and fourth quartiles were in regions
with higher GRP per capita and more of them had CSC
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certification (table 1). Therefore, this underlying asso-
ciation might also contribute to higher adherence rate
among hospitals in higher GRP per capita regions; further
research should be conducted following this direction.

Besides the impact of macroeconomic status on the
adherence rate, significant effects of certain hospital
characteristics were also identified in this study. A number
of studies have described positive associations between
stroke tPA rates and staffing allocation."* '*#27 Our study
added more evidence that the adherence rate of IV-rt
PA increased as the number of neurologists in a hospital
increased.

Conflicting results were documented for the impact
of emergency medical service and ED on the thrombol-
ysis rate. While a study in the Netherlands found that
hospitals providing ED services did not help to improve
the thrombolysis rate,'” another study conducted in 34
academic medical centres in the USA found that inte-
grated emergency medical services and organised EDs
predicted increased tPA use.'* Our study confirmed that
hospitals equipped with an ED and/or providing emer-
gency services for thrombolytic treatment performed
better in the delivery of IV-rt PA.

Previous studies discussed that one of the reasons for
the low rate of tPA might be due to factors such as prehos-
pital delay and lack of regional stroke care network.” We
found out that the adherence rate was higher if a hospital
established routine cooperation with the local emergency
centres, which supported the previous finding.

It is worth noting that the adherence rate in hospitals
within the first quartile was quite low (<5.7%), even though
most of these hospitals were equipped with stroke units
(65.5%) and stroke team (84.9%) as well as implemented
the stroke-specific protocols (87.3%) (table 1). Potential
reasons might include prehospital delay, high cost of tPA,
low insurance coverage and concern about haemorrhagic
risk as an earlier anecdotal study concluded.” Empirical
data in the CNSR study showed that patients with a higher
income (¥ 1000/month) were nearly twice likely to receive
IV-rt PA, since patients and their families of low SES would
have to find money to purchase drug before tPA could
be given." The current condition may have improved
because the healthcare insurance has covered IV-rt PA
treatment since 2008.% However, variations in costs still
differed widely by geographical location and level of
hospitals, and the expensive cost of IV-rt PA might be a
barrier of a fluent decision-making process.”* We exam-
ined the SES of patients using monthly family income and
education level as proxies in our study. In our data, in
hospitals whose adherence rate was in Q1, the number of
patients with a lower income (< ¥1000/month) was twice
as many as in the other three quartiles (Q1: 12.9%; Q2:
6.4%; Q3: 6.7%; Q4: 6.0%) (online supplement table 2).
In addition, patients in Q1 had a higher proportion (Q1:
32.4%, Q2: 25.5%, Q3: 28.1%, Q4: 31.1%) of low educa-
tion level (below elementary) and a lower percentage of
higher education level including college (Q1: 2.5%, Q2:
3.1%, Q3: 3.4%, Q4: 3.7%) and high school (Ql: 28.6%,

Q2: 28.8%, Q3: 30.5%, Q4: 32.9%) than those in the
other three quartiles. According to CNSR data, around
53.6% of the stroke-care-related payments in China were
covered by the urban employee basic medical insurance
(UEBMI).™ In our study, we found that the UEBMI
scheme was relatively low among patients in Q1 (24.1%),
compared with the other three quartiles (Q2:29.7%,
03:32.0%, Q4:35.1%, respectively). Therefore, low SES
and insufficient insurance coverage might account for
the low adherence rate in the first quartile.

There are also several limitations in our study. First,
the participating hospitals in CSCA were based on volun-
tary enrolment. These study sites were mainly secondary
and tertiary hospitals and therefore had more medical
resources and neurologists than primary hospitals.
Second, since we lacked the data from non-CSCA hospi-
tals, we were unable to determine whether the findings
could be generalised beyond the CSCA hospitals. Despite
this limitation, the CSCA remains the only large-scale
national surveillance system covering all provinces of
China and the large sample size helps the robustness
and generalisability of the study. Third, other external
factors that were not considered in this study might also
have some unobservable effects on the adherence rate to
IV-rt PA.

CONCLUSIONS

The adherence rate of IVart PA increased with GRP
per capita. Hospitals equipped with more experienced
neurologists, more comprehensive emergency services,
routine coordination with local emergency centres
performed better in adhering to the delivery of IV-rt PA.
Our findings provide some evidence that the thrombol-
ysis disparity can be partially explained at the macroe-
conomic and healthcare system level, not merely attrib-
utable to individual factors. The policy-makers should
carefully consider medical funding level and medical
resource allocation to increase the IV rt-PA usage among
eligible acute ischemic stroke patients.
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