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Assessment of neurologists’ knowledge
regarding intravenous fibrinolytic therapy
for acute stroke in Shanxi province in China
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Abstract

Background: Limitations in physicians’ knowledge regarding fibrinolytic therapy for acute ischemic stroke may
contribute to low rate of fibrinolytic therapy in China. Here physicians’ knowledge was surveyed on intravenous
fibrinolytic therapy for acute ischemic stroke.

Methods: Neurologists (n = 175) from 27 major general hospitals in Shanxi province, P. R. China, were invited to
complete questionnaires regarding their basic knowledge of intravenous fibrinolytic therapy for acute ischemic
stroke. The questionnaire contained 12 multiple-choice questions. One point was assigned for a correct answer
and zero point for a false or unanswered question.

Results: One hundred and thirty-one neurologists (74.9%) responded to the questionnaires. The mean accuracy
rate of 12 questions was 54.9 + 25.01% (range 0.8-96.2%). The mean total score for respondents was 6.59 + 2.03
(range 2-11). More years of experience and higher academic degrees were independent factors related to the

total scores (P=0.000 and P =0.004, respectively).

Conclusions: The neurologists in this study were knowledge deficient in the area of intravenous fibrinolytic
therapy for acute ischemic stroke. This partially accounts for the low rate of fibrinolytic therapy in China.
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Background

Stroke is the second leading cause of death worldwide
and the leading cause of death in China [1, 2]. The sur-
vivors of stroke have the highest ratio of severe overall
disability among sufferers of chronic diseases [3]. It is a
huge burden on Chinese medical insurance and the
economy [4].

Ischemic stroke is the most common type of stroke in
China [4]. It accounts for 43.7-78.9% of all strokes [2].
Intravenous fibrinolytic therapy for acute ischemic stroke
can improve neurological outcomes along with reducing
the potential degree of disability [5, 6]. It offers an effective
treatment for stroke and the previous medical efforts chiefly
focused on prevention of recurrence [7]. However, from
September 2007 to August 2008, only 19.3% of patients
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with ischemic stroke presenting within 3 h received fibrino-
lytic therapy in 132 urban general hospitals in China [8].
Low education and old ages of patients chiefly accounted
for the low rate of fibrinolytic therapy. However, this study
did not include the factors related to the treating physicians
in the multivariate logistic regression analysis. Some
other studies regarding fibrinolytic therapy in develop-
ing countries mainly focused on the negative effects of
financial constraint and insufficient infrastructure [9, 10].
Nevertheless, these factors do not work in China. Fibrino-
lytic therapy has been covered by healthcare insurance in
China since 2008. Most major general hospitals could
supply infrastructure for the therapy [8]. Therefore, it was
hypothesized that physicians’ insufficient knowledge and
understanding regarding fibrinolytic therapy contributes
to the low rate of fibrinolytic therapy. For example, many
Chinese physicians overemphasize the adverse effects as-
sociated with fibrinolytic therapy such as symptomatic in-
tracerebral hemorrhage. With this in mind, the attitude
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of physicians can have a negative impact on patients
or their families, who after consultation will likely re-
fuse fibrinolytic therapy [8]. In this study, Chinese
neurologists were surveyed regarding their knowledge
of intravenous fibrinolytic therapy for acute ischemic
stroke.

Methods

This study was performed in Shanxi Province, P. R. China.
Shanxi Province is a poorly developed area of China. The
Development and Life Index (DLI), an index created by
the National Bureau of Statistics of China, is used to assess
an area’s average achievements in economic development,
improvement of living standards, social development,
ecological construction, and scientific innovation. In
terms of DLI, Shanxi Province ranked 20th of the 32
provinces in China [11]. Shanxi Province consists of 11
regions. Twenty-seven major general hospitals are lo-
cated in 10 of these regions.

There were two criteria for eligible neurologists: from
the 27 major general hospitals and members of Shanxi
Academy of Neurology. Between May and July 2014, ques-
tionnaires and invitations were mailed simultaneously to
175 eligible neurologists who were invited to attend
Shanxi Academy of Neurology 2014 Biennial Meeting.
The list of neurologists was obtained from Shanxi
Academy of Neurology. Those who did not respond were
considered to have dropped out. All participants con-
sented before participation. This study was approved by
the Ethics Committee of the First Hospital, Shanxi
Medical University, Taiyuan, P. R. China.

The questionnaire included 12 multiple-choice questions
(Additional file 1). The questions requested information
regarding basic knowledge of intravenous fibrinolytic
therapy for acute ischemic stroke. It included questions
regarding examinations before fibrinolysis, inclusion
criteria, exclusion criteria, doses of alteplase and the
management of complications which were essential in the
process of fibrinolysis. For convenience and to facilitate a
higher response rate, the questionnaire was designed simply
and did not include all aspects of knowledge regarding
fibrinolysis.

The American Heart Association/American Stroke
Association (AHA/ASA) guidelines were applied in this
study [12]. The time window for treatment of acute ische-
mic stroke with intravenous fibrinolysis is 0 to 4.5 h. Im-
aging prior to intravenous fibrinolysis requires the use of
non—contrast-enhanced computed tomography (NECT)
or magnetic resonance imaging (MRI). In addition, blood
glucose laboratory results are required before intravenous
fibrinolysis. The dose of alteplase required for intravenous
fibrinolysis is 0.9 mg/kg with a maximum dose of 90 mg.
If hypodensity involves more than one third of the middle
cerebral artery (MCA) territory on NECT, intravenous

Page 2 of 5

fibrinolysis should not be applied. Patients with prior is-
chemic stroke in the previous 3 months or previous intra-
cranial hemorrhage should be excluded from intravenous
fibrinolytic therapy. A National Institutes of Health Stroke
Scale (NIHSS) score of greater than 25 is not an exclusion
criterion for patients who can be treated within three
hours. The NIHSS is a clinical assessment and research
tool used for quantifying neurological injuries after stroke
[13]. A high NIHSS score indicates severe symptoms. If
the patient develops severe headache, acute hypertension,
nausea or vomiting or has a worsening neurological exam-
ination, the infusion of alteplase should be discontinued.

If respondents did not write down an answer for a par-
ticular question, we presumed that they did not know the
answer. The accuracy and unanswered rates of each ques-
tion were calculated. The total score for each respondent
was computed by assigning each of the 12 questions an
appropriate individual score. A score of one was assigned
for a correct answer and a score of zero for a false or un-
answered question. Education was categorized into under-
graduate and graduate degrees. Total scores and years of
experience in the field of neurology were classified into
two classes according to the median. Practice places were
sorted into capital and non-capital cities. Univariate logis-
tic regression analysis was used to identify the characteris-
tics of respondents associated with the total scores, such
as sex, education, years of experience and practice places.
Multivariate logistic regression was performed to analyse
the factors independently related to the total scores. All
tests were two-tailed, and a P value of less than 0.05 was
considered statistically significant. Data are presented as
mean + standard deviation unless otherwise specified.
Data were analyzed using the Statistical Package for Social
Sciences software, version 13.0 and Epicalc 2000.

Results

One hundred and thirty-one neurologists (74.9%) from 27
hospitals responded to the questionnaires. All of them
were certified physicians who practiced in departments of
neurology. The chief characteristics of the study partici-
pants are shown in Table 1.

The mean accuracy rate of 12 questions was 54.9 +
25.01% (range 0.8-96.2%). The accuracy and un-
answered rates are shown in Table 2. Question 3
regarding laboratory results required before fibrinolysis
had the lowest accuracy rate (0.8%), while question 6
“whether thrombolyse is required if hypodensity on CT
exceeds 1/3 MCA territory” had the highest accuracy rate
(96.2%).

The mean total score for respondents was 6.59 + 2.03
(range 2—11). The distribution of total scores for respon-
dents is listed in Table 3. None of the respondents
attained full scores. 83.2% of respondents attained eight
points or less and 46.6% attained six points or less.
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Table 1 The chief characteristics of the study participants

Characteristics

n 131
Age, years 4716+ 841
Sex
Male, n (%) 63 (48.09)
Female, n (%) 68 (51.91)
Education
Undergraduate degree 70 (53.4)
Graduate degree 61 (46.6)
Years of experience
<23,n (%) 65 (49.62)
>23,n (%) 66 (50.38)
Practice places
Capital, n (%) 66 (50.38)
Non-capital, n (%) 65 (49.62)

In univariate analysis, more years of experience and
practicing in capital city significantly increased the total
scores (P =0.003 and P=0.019, respectively; Table 4).
Sex and higher degrees were found not to have a signifi-
cant relation with total scores (P=0.560 and P=0.123,
respectively). Multivariate analysis indicated that more
years of experience and higher degrees were independ-
ent factors related to the total scores (P =0.000 and P =
0.004, respectively; Table 4).

Discussion

Thrombolytic therapy is of proven and substantial benefit
for select patients with acute cerebral ischemia. Neverthe-
less, currently there is a low rate of fibrinolytic therapy in
China. Therefore, in this study, the objective was to explain

Table 2 Accuracy rate and rate of each unanswered question
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the reasons for the low rate of fibrinolytic therapy from the
perspective of physicians’ knowledge in Shanxi Province, P.
R. China. A similar study has not been performed previ-
ously in China. The current study indicated that the neurol-
ogists were knowledge deficient in the area of intravenous
fibrinolytic therapy for acute ischemic stroke. This partially
accounts for the low rate of fibrinolytic therapy in China.

Here, it was showed that the accuracy rates of 12
questions pertaining to physicians’ knowledge in this
area displayed a broad range (from 0.8 to 96.2%). The
accuracy rates of half of all questions were lower than
60%. In general, these neurologists displayed the most
optimal scores in the areas of CT imaging criteria of
thrombolysis and necessary imaging before fibrinolysis.
Good scores were also generated for questions relating
to the time window of fibrinolysis and dose of alteplase.
However, the majority of neurologists responded poorly
to questions pertaining to side effects (such as severe
vomiting and bleeding) associated with fibrinolysis and
decisions regarding how to take action to stop the side
effects or progression of stroke. The mean total score
for respondents was very low. Most respondents (83.2%)
scored eight points or less. None of the tested respondents
answered all questions correctly. However, in the fibrino-
lytic procedure, any mistake could lead to undesirable
consequence. For example, loosened inclusion criteria
may cause cerebral hematoma. Only those who get full
scores may handle the procedure correctly. The situation
could not satisfy the demand of healthcare. Our findings
suggest that neurologists in Shanxi province displayed
limited knowledge regarding the criteria of intravenous
fibrinolytic therapy for acute ischemic stroke.

Medicine develops rapidly. Physicians need to update
their professional knowledge continuously in order to
adapt to new situations associated with stroke-care. There

Questions Correct responses Unanswered
n % (95% Cl) n %
1. Time window for intravenous fibrinolysis 85 64.9 (56.02-72.89) 1 08
2. Imaging results required before fibrinolysis 109 83.2 (75.45-88.95) 0 0
3. Laboratory results required before fibrinolysis 1 0.8 (0.05-4.87) 0 0
4. Dose of alteplase 87 66.4 (57.55-74.27) 3 23
5. Maximum dose of alteplase 67 1 (42.26-59.88) 4 3.1
6. Whether to thrombolyse if hypodensity > 1/3 MCA territory on CT 126 96.2 (90.89-98.6) 3 23
7. Whether to thrombolyse if patients had prior ischemic stroke within 2 months 84 1 (55.20-72.16) 2 1.5
8. Whether to thrombolyse if patients had previous intracranial hemorrhage 69 52.7 (43.82-61.42) 5 38
9. Whether to thrombolyse if NIHSS > 25 within 3 h from symptom onset 45 344 (2646-43.27) 2 1.5
10. Whether to stop thrombolyse if patients develop skin, mucosa or gum bleeding 62 473 (38.58-56.18) 1 08
11. Whether to stop thrombolyse if patients develop severe vomiting 42 1 (24.37-40.9) 1 08
12. Whether to stop thrombolyse if patients develop worsening neurological examinations 86 65.6 (56.73-73.54) 1 0.8

MCA middle cerebral artery, CT computed tomography
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Table 3 The distribution of total scores for respondents

Points Respondents (n) Percentage (%)
0 0 0

1 0 0

2 4 3.1
3 4 3.1
4 13 9.9
5 18 137
6 22 168
7 26 19.8
8 22 168
9 13 9.9
10 5 38
" 4 3.1
12 0 0

are currently numerous academic conferences that fa-
cilitate continuing healthcare education in China; how-
ever, educational training is not compulsory and the
supervision system is defective. This is likely to be one
of the main reasons behind the poor performance asso-
ciated with fibrinolytic therapy. Furthermore, due to
the risk of adverse effects such as symptomatic intracere-
bral hemorrhage, and the potential of undesirable conse-
quences associated with fibrinolytic procedures, many
patients and/or their families delay or refuse fibrinolytic
therapy [8]. The effects of poor knowledge of neurologists
and misunderstanding of public may leaded to the low
fibrinolytic uptake rate in China.

In this study, all the respondents were from major
hospitals of Shanxi Province, P. R. China. It has previously
been demonstrated that the level of physicians’ knowledge
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in China can be affected by the level of hospitals that
they come from [14]. Indeed, it is likely that if physi-
cians from county or community hospitals were in-
cluded in this study, the results would be significantly
worse. However, the process of intravenous fibrinolysis
should be conducted near to patient residence, due to
the fact that long distance transport wastes time and
can lead to further neuronal death and missing the
therapeutic window.

There are many ways to improve the quality of stroke-
care. For instance, shortening the waiting times for a CT
scans, or reducing the time prior to intravenous alteplase
administration, along with increasing the rates of intraven-
ous alteplase use can all potentially improve stroke care
quality [15, 16]. With this in mind, it is critical for neurol-
ogists to be familiar with the guidelines associated with
the early management of patients with acute ischemia.
This would likely facilitate clinicians in limiting the mor-
bidity and mortality associated with stroke. Greater know-
ledge in this area would also help to improve stroke
prevention, care within the first few hours of acute stroke
onset and even prognosis.

This study has several limitations. Firstly, for conveni-
ence and to facilitate a higher response rate, the ques-
tionnaire was designed simply and did not include all
aspects of knowledge regarding fibrinolysis. Even if re-
spondents attained maximal scores in this questionnaire,
they might not manage optimally in practice. Secondly,
the subjects were from major hospitals of Shanxi Prov-
ince and did not represent physicians throughout the
whole country. It would have been more optimal to ob-
tain substantial data through cooperation with hospitals
of different provinces. Thirdly, the respondents were
members of the Shanxi Academy of Neurology and were
not randomly selected.

Table 4 Unijuariate and multivariate analysis for the association between total score categories and possible factors

Factors Uniuariate results Multivariate results
OR (95% Cl) P value Adjusted OR (95% Cl) P value
Sex
Male, n (%) 1 0.560 1 0.707
Female, n (%) 1.227 (0.617-2.441) 1.154 (0.545-2.443)
Education
Undergraduate degree 1 0.123 1 0.004
Graduate degree 1.729 (0.862-3.466) 3608 (1.491-8.732)
Years of experience
<23,n (%) 1 0.003 1 0.000
>23,n (%) 3.000 (1.471-6.119) 5317 (2.202-12.836)
Practice places
Capital, n (%) 1 0.019 1 0.116

Non-capital, n (%) 0432 (0.214-0.872)

0492 (0.203-1.192)

OR odds ration, Cl Confidence interval
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Conclusions

Neurologists in this study had poor knowledge regard-
ing intravenous fibrinolytic therapy for acute ischemic
stroke. This situation is unsatisfactory and may par-
tially account for the low fibrinolytic rate in China.
Physicians’ continuing education needs to be facilitated
and improved. Because respondents with lower degrees or
less year of experience tended to have lower total scores,
these physicians should have more chances. Compulsory
relevant training and suitable assessment should be
carried out to ensure that physicians have the necessary
knowledge and skills. This does not exclusively pertain
to early stroke management through fibrinolysis but
also pertains to the medical system in China as a whole.
We have reported the information to the Shanxi Stroke
Association and more relevant course will be offered to
physicians. Public education is also urgently needed to
increase the low fibrinolytic rate.

Additional file

Additional file 1: Survey of neurologists’ knowledge on intravenous
fibrinolytic therapy for acute stroke. (DOC 28 kb)
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