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ABSTRACT
Introduction: The rate of intravenous thrombolysis
with tissue-type plasminogen activator or urokinase for
stroke patients is extremely low in China. It has been
demonstrated that a telestroke service may help to
increase the rate of intravenous thrombolysis and
improve stroke care quality in local hospitals. The aim
of this study, also called the Acute Stroke Advancing
Program, is to evaluate the effectiveness and safety of
decision-making concerning intravenous thrombolysis
via a telemedicine consultation system for acute
ischaemic stroke patients in China.
Methods and analysis: This is a multicentre
historically controlled study with a planned enrolment
of 300 participants in each of two groups. The
telestroke network consists of one hub hospital and 14
spoke hospitals in underserved regions of China. The
usual stroke care quality in the spoke hospitals without
guidance from the hub hospital will be used as the
historical control. The telemedicine consultation system
is an interactive, two-way, wireless, audiovisual system
accessed on portable devices. The primary outcome is
the percentage of patients treated with intravenous
thrombolysis within 4.5 h of stroke onset.
Ethics and dissemination: The project has been
approved by the Institutional Review Board of Xijing
Hospital. The results will be published in scientific
journals and presented to local government and
relevant institutes.
Trial registration number: NCT02088346 (12 March
2014).

INTRODUCTION
For patients with ischaemic stroke, the use of
intravenous (IV) thrombolysis with recombin-
ant tissue-type plasminogen activator (rt-PA)
within 4.5 h has been widely accepted as
beneficial, based on the results of several
trials.1–6 In China, in addition to rt-PA, IV
urokinase within 6 h has also been approved

by the China Food and Drug Administration,
recommended by the 2010 Chinese
Guidelines for the Diagnosis and Treatment
of Patients with Acute Ischemic Stroke,7 and
supported by evidence from two IV urokinase
thrombolysis trials which have explored the
doses, efficacy and safety of IV urokinase in
patients with acute ischaemic stroke.8 9

Urokinase is used more frequently than
rt-PA, mainly because it is cheaper and
because rt-PA is not covered by medical
insurance in China. Eligible patients in our
study will be able to choose to receive either
rt-PA or urokinase.
The rate of IV thrombolysis with rt-PA or

urokinase is extremely low in China. One
epidemiological investigation of 35 hospitals
in 15 Chinese cities from 2002 to 2003
revealed that the rate of thrombolysis within
6 h of stroke onset was only 6.7%.10 In 2011,
Wang et al11 reviewed results from the

Strengths and limitations of this study

▪ The Acute Stroke Advancing Program using
Telemedicine (ASAP-Tel) is the first study to
evaluate the effectiveness and safety of decision-
making regarding intravenous thrombolysis via a
telemedicine consultation system for acute
ischaemic stroke patients in China.

▪ Our telemedicine consultation system is different
from most other telestroke studies in that it is
based on easily portable devices such as tablet
computers and smartphones.

▪ This system may help to increase the rate of
intravenous thrombolysis and improve stroke
care quality in local hospitals.

▪ The main limitation of this study is that it is a
historically controlled study, which may intro-
duce some bias.
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Chinese National Stroke Registry (including 132 urban
hospitals), and found that from September 2007 to
August 2008, only 7.2% of 2514 ischaemic stroke
patients who presented to the emergency department
(ED) within 3 h of stroke onset were treated with IV
rt-PA. This poor situation is mainly due to the fact that
the local hospitals who first treat stroke patients usually
lack stroke expertise and infrastructure.12

In the past decade, telestroke services have been
widely employed in North America and Europe,13 14

helping to resolve the shortage of neurological expert-
ise, and enabling thrombolytic therapy to be adminis-
tered in non-specialised hospitals.13 15–17 There is
positive evidence that telestroke services are safe and
comparable in quality to those provided face-to-face.18 19

In 2005, the Telemedical Pilot Project for Integrative
Stroke Care in Bavaria (TEMPiS) explored the use of IV
rt-PA in non-urban areas through a telemedicine system.
In this study, symptomatic intracranial haemorrhage
(sICH) occurred in 8.5% of patients and in-hospital
mortality was 10.4%,20 which were similar to the rates
reported in the NINDS (National Institute of
Neurological Disorders and Stroke) trial. A retrospective
review identified 296 stroke patients receiving IV rt-PA
within 3 h either at a spoke hospital (61.1%) or at the
regional stroke centre hub (38.9%).21 The results
showed that mortality, sICH and functional outcomes
were similar between the spoke and hub hospitals.21 In
the Finnish Telestroke pilot study, patients treated with
IV thrombolysis through teleconsultation had similar
outcomes to those treated at the hub hospital (modified
Rankin Scale (mRS) ≤2: 49.1% vs 58.1%; p=0.214).22

Besides being safe and reliable, a telestroke service may
increase the rate of IV thrombolysis and improve stroke
therapy in underserved areas.16 LaMonte et al23 reported
that telemedicine significantly shortened the time to
treatment compared with traditional service delivery (17
vs 33 min; p=0.003) and increased the use of rt-PA at a
remote hospital from 5% to 24%. Pedragosa et al24 also
found that the rate of IV rt-PA use was doubled (4.5% vs
9.6%) after a telestroke system was established in a com-
munity hospital. In Asia, Dharmasaroja et al25 also
demonstrated the superiority of a telestroke service to
traditional stroke care delivery, despite the differences in
healthcare networks and resources between North
America/Europe and Asia.
However, the effectiveness and reliability of a telemedi-

cine consultation system for stroke patients in China are
still unclear. This study is therefore designed to evaluate
the performance of a telemedicine system in non-
specialised hospitals providing on-site stroke therapy.

METHODS AND ANALYSIS
Objectives
The aim of the Acute Stroke Advancing Program using
Telemedicine (ASAP-Tel) study is to evaluate the effect-
iveness and safety profile of a telemedicine consultation

system in making decisions concerning IV thrombolysis.
Specifically, the study aims to test whether implementa-
tion of the proposed programme can significantly
increase the percentage of patients treated with IV
thrombolysis as well as improve clinical outcomes (listed
in the ‘Outcome measures’ section) for acute ischaemic
stroke patients in underserved areas of China.

Study design
ASAP-Tel is a multicentre, historically controlled,
superiority-designed study which will be conducted in
underserved regions in China. The superiority design
has been adopted because there is plenty of evidence
showing the effectiveness of telestroke services and fewer
participants will be needed to demonstrate efficacy
using a single-sided test. This study’s telestroke network
consists of one hub hospital (Xijing Hospital, a compre-
hensive stroke centre, located in Xi’an) and 14 spoke
hospitals (primary stroke centres in county-level hospi-
tals in Yulin, located about 600 km from the hub hos-
pital) in Shaanxi Province. Data on the usual stroke care
quality of the spoke hospitals without guidance from the
hub hospital prospectively collected over 1 year will be
used as the historical control for the study. The inclusion
and exclusion criteria for participants, outcome mea-
sures and data collection in the control group are the
same as those in the teleconsultation group. The tele-
consultation system will be introduced next year and the
teleconsultation group recruited (figure 1).

Eligibility
The inclusion and exclusion criteria for participants in
the ASAP-Tel study are given below.
Inclusion criteria
1. Patients between 18 and 80 years of age
2. Acute ischaemic stroke
3. Presenting to the ED of spoke hospitals within 4.5 h

of stroke symptom onset
4. National Institutes of Health Stroke Scale (NIHSS)

score between 4 and 25
5. Consent form signed by the participant or his/her

authorised surrogate
Exclusion criteria
1. Time of symptom onset unclear
2. Unlikely to complete the study through a 3-month

follow-up.
These criteria were selected in order to recruit as

many ischaemic stroke patients as possible arriving in
hospitals within 4.5 h of symptom onset. Patients whose
NIHSS score is below 4 or above 25 will not be included
as it is still unclear whether or not IV thrombolysis
should be provided for such patients.
The diagnosis of acute ischaemic stroke will be made

according to the 2010 Chinese Guidelines for the
Diagnosis and Treatment of Patients with Acute Ischemic
Stroke.7 Stroke aetiology classification will be collected
for all participants and based on the Trial of ORG 10172
in Acute Stroke Treatment (TOAST) criteria.26
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Recruitment and screening
Table 1 summarises the schedule of study activities and
the variables to be measured at patient visits.
Participants will be recruited from the 14 spoke hospitals
in Yulin in Shaanxi Province. These hospitals were
selected mainly because stroke patients in Yulin are
always transported first to these centres, because they
lack thrombolytic therapy specialists, and because their
infrastructures are capable of facilitating the administra-
tion of IV thrombolysis with the help of experts in the
hub hospital. All these hospitals are equipped with CT
scanners, can perform the necessary laboratory tests,

and can administer primary emergency treatment for
stroke patients with severe complications.
When a suspected stroke patient arrives at the ED of a

participating hospital, the emergency physician will
immediately enquire about the patient’s history, particu-
larly the time of symptom onset, and swiftly examine the
patient. It is important that the physician consults with a
neurological physician in the local hospital. Several tests
shall be emergently performed simultaneously to
exclude important alternative diagnoses, assess for
stroke complications and aid treatment selection, and
will include non-contrast brain CT scan, blood glucose,

Figure 1 Study design for the Acute Stroke Advancing Program using Telemedicine (ASAP-Tel) and participant flow through

the study. ED, emergency department; ICH, intracranial haemorrhage; IV, intravenous.
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oxygen saturation, serum electrolytes/renal function
tests, complete blood count, markers of cardiac ischae-
mia, prothrombin time, international normalised ratio,
activated partial thromboplastin time and electrocardio-
gram. Other tests, such as liver function tests, will be per-
formed depending on the patient’s condition. The
neurological physician will then conduct further exami-
nations and assess the patient for eligibility for the study.
If the patient fulfils the study’s eligibility criteria and
signs the consent form, then he/she will be included
tentatively. The physician will then, via the telemedicine
consultation system, call a stroke expert in the hub hos-
pital who will ensure the correct diagnosis of acute
ischaemic stroke has been made and will assess the
patient’s eligibility a second time. The patient will be
excluded if the expert considers that he/she does not
meet the criteria used by researchers in all 14 Yulin hos-
pitals. During hospitalisation, the patient may be
excluded if new evidence that does not support the diag-
nosis of acute ischaemic stroke emerges (figure 1).

Telemedicine consultation system
The telemedicine consultation system is an interactive,
two-way, wireless, audiovisual system using portable
devices (iOS or Android tablet computers or smart-
phones) and developed by the School of Biomedical
Engineering, the Fourth Military Medical University.
The main application interface is a concise table for
evaluating the criteria for IV thrombolysis and based on
the 2013 American Guidelines for the Early
Management of Patients with Acute Ischemic Stroke.5

Photographs of CT films, other tests and real-time
videos of patients can be linked to this interface. The
use of tablet computers or smartphones allows improved
and more convenient telecommunication between physi-
cians in spoke hospitals and experts in hub hospitals
compared to traditional teleconsultation systems.
A total of 10 certified stroke experts in the department

of neurology in the hub hospital will provide teleconsul-
tations 24 h per day, 7 days per week. During the tele-
consultation, the experts will assess the patient’s
condition once again. On their tablet computers or
smartphones, the experts can read the table, CT films
and test results, and consider the NIHSS score and the
condition of the patient in the local hospital via the
interactive real-time video. Eligible patients will be
quickly transported to the stroke unit, and the experts
will decide if they are suitable for IV thrombolysis, and
make other recommendations for treatment.
The protection of participants’ confidential informa-

tion is very important. The following security procedures
are part of the system: (1) a stable commercial server is
equipped with security software; (2) the background
database uses the AES encryption algorithm and will be
saved and cleaned regularly; (3) and character and
graphical passwords are needed for login and must be
replaced regularly.

IV thrombolysis
In both groups of participants, those eligible for IV
thrombolysis may decide which thrombolytic drug (rt-PA
or urokinase) they will receive. IV rt-PA thrombolysis
shall be administered within 4.5 h after symptom onset,
at a dose of 0.9 mg/kg body weight (maximum, 90 mg),
with 10% of the dose given as a bolus over 1 min and
the remaining 90% infused over 60 min. The standard
dose of IV urokinase is 1–1.5 million IU infused over a
30 min period; its administration will also be restricted
to within 4.5 h of stroke onset instead of the 6 h adopted
in other studies. The medications can be infused before
admission to the stroke unit. If the patient develops
severe headache, nausea, vomiting or acute hyperten-
sion or has worsening neurological function, the infu-
sion shall be discontinued and an emergent CT scan,
routine blood test and coagulation tests will be per-
formed. In the teleconsultation group, patients treated
with IV thrombolysis will receive all stroke care at the
spoke hospitals. If the patient’s condition deteriorates,
the local physician may ask for a teleconsultation with
the expert in the hub hospital, and the patient may be
transported to the nearest comprehensive stroke centre
if necessary.
Patients ineligible for IV thrombolysis will receive

standard medical treatment; intra-arterial treatment will
not be provided as these spoke hospitals are primary
stroke centres and not qualified to carry out
intra-arterial treatment.

Outcome measures
Primary outcome measure
The study’s primary outcome measure is the percentage
of patients treated with IV thrombolysis within 4.5 h of
stroke onset. This outcome is widely used in telestroke
studies to reflect the effectiveness of direction from a
specialised hospital via a telemedicine consultation
system.15 19 22 23 It is measured as the rate of IV fibrino-
lytic drug (rt-PA or urokinase) administration among all
included stroke patients.

Secondary outcome measures
The secondary outcome measures include: (1) the pro-
portion of patients with a favourite outcome (mRS ≤2)
at 1 month and at 3 months after stroke onset; (2) stroke
complications within 24 h and within 7 days, including
sICH, symptomatic cerebral oedema from an original
brain infarction, cerebral hernia, seizure, severe extracra-
nial bleeding, pulmonary embolism, pulmonary
oedema, deep venous thrombosis and sepsis; (3) fatal
and non-fatal cardiovascular events within 7 days, includ-
ing recurrent ischaemic stroke, ICH, subarachnoid
haemorrhage, transient ischaemic attack, myocardial
infarction, angina and heart failure; (4) all-cause mortal-
ity at 3 months; (5) time intervals from stroke onset to
arriving in the ED, and from arriving in the ED to phys-
ician/CT initiation/CT interpretation/specific treat-
ment; and (6) length of hospitalisation.
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The best outcome is considered to be mRS ≤2 at
1 month (±3 days) and at 3 months (±7 days) after stroke
onset. The mRS ranges from 0 to 6, with higher scores
indicating more severe disability and worse functional
status after stroke (a score of 0 indicates no symptoms, a
score of 5 indicates severe disability and bedridden, and
a score of 6 indicates death).27

Stroke complications will be measured within 24 h
(±3 h) of decision-making concerning IV thrombolysis
and at 7 days (±1 day) following stroke onset.
Symptomatic complications are defined as the presence
of neurological deterioration with an increase of ≥4
points in the NIHSS score. Fatal and non-fatal recurrent
ischaemic stroke and other cardiovascular events will
also be recorded within 7 days (±1 day). A fatal event is
one that is the immediate cause of someone’s death.
Every death and its time and cause will be recorded
within 3 months after stroke onset. These outcomes will
be used to determine the safety of the intervention.
Some valuable time points will be recorded to assess

the reasons for pre-hospital and in-hospital delay in
administering stroke care, including the time of
symptom onset, time of arrival in the ED, time of emer-
gency physician contact, time of CT initiation, time of
CT interpretation and time of initiation of special treat-
ment. These time intervals will be calculated. The
length of hospitalisation is measured as the time from
arrival in the ED to discharge.

Other measures
The NIHSS is a 15-item scale that rates the level of
neurological impairment and ranges from 0 (no deficit)
to 42 points (maximum possible deficits).28 The NIHSS
will be measured in order to evaluate the neurological
function of the patient at the time of arrival in the ED,
at 24 h, 48 h, 72 h and 7 days after symptom onset, and
if there is neurological decline.
A non-contrast CT scan will be performed at the time

of arrival in the ED, at 24 h (±3 h) after IV thrombolysis,
and if there is neurological decline. The Alberta Stroke
Program Early CT Score (ASPECTS) will be used to rate
early ischaemic changes on CT.29 Fourteen regions of
the brain are assessed in ASPECTS, the top 10 of which
are in middle cerebral artery territory, with a score of 1
indicating a normal region and 0 indicating an ischae-
mic region. An ASPECTS score of more than 7 may cor-
relate with good clinical outcomes in the future.30

Blood pressure (BP) will be measured in all included
patients in the right arm using standard mercury sphyg-
momanometers in a supine position. Clinical personnel
in the local hospitals have been trained to use the
same method. BP will be measured at the time of arrival
in the ED and every 2 h for 24 h, then every 4 h until
72 h after stroke onset.

Regimen for patients receiving IV thrombolysis
Patients receiving IV thrombolysis will be admitted to
the stroke unit for monitoring. Neurological function

and BP monitoring are essential and are both carried
out every 15 min during and after IV rt-PA/urokinase
infusion for 2 h, then every 30 min for 6 h, and then
hourly until 24 h after IV thrombolysis.5 BP will also be
measured with an electrocardiogram monitor in these
patients. If systolic BP is >180 mm Hg or diastolic BP is
>105 mm Hg, the frequency of BP measurements will be
increased and antihypertensive medication to maintain
BP at or below these levels will be administered.

Sample size and power calculation
Results of investigation in the participating hospitals
before the present study indicated that the rate of IV
thrombolysis within 4.5 h was about 2%. We have 90%
power to detect a 6% increase in the percentage of
ischaemic stroke patients treated with IV thrombolysis
using a single-sided α of 0.05. Based on the formula esti-
mating sample size for a superiority study and the above
considerations, we estimate baseline and 3-month data
from 226 participants in each group will be required.
Assuming a 10% attrition rate, we plan to recruit 300
ischaemic stroke patients in each group.

Data collection
Before recruitment, physicians and nurses in the ED
and the department of neurology of the participating
hospitals will be trained in the protocol of this study,
methods for operating the telemedicine consultation
system, standards for filling in the case report form
(CRF) and clinical guidelines for stroke management by
experts from the hub hospital. Trained clinical person-
nel in the local hospitals will collect data using standard
procedures to assess a stroke participant’s baseline
characteristics and track changes in patient condition
during the study. Demographic information and anam-
nesis (history of hypertension, diabetes, coronary heart
disease, atrial fibrillation, infection, wounds, drug use)
will also be collected. All data are required to be
recorded immediately after patient assessment unless an
urgent procedure takes priority. All sites will use the
same CRF.
At discharge, participants will be asked to return to

the same hospital to undergo examination at 1 month
(±3 days) and 3 months (±7 days) after stroke onset
(table 1). If some participants are unable to attend, we
will evaluate their mRS score via the telephone. To
promote participant retention and complete follow-up,
we will contact participants to ask about their condition
and treatments received in other hospitals (if applic-
able) every 2 weeks after discharge. If we are unable to
contact the participant, we will try to contact his/her
relatives or neighbours to capture as much information
as possible.

Data management
Every hospital and every participant will be allocated a
unique identification number in this study. The paper
CRFs will be filled in by researchers in the local hospital
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and the originals will be delivered to the hub hospital
every quarter. Two data entry clerks in the hub hospital
will independently enter the data into the computer
from the CRFs and then validate the data with each
other using EpiData V.3.1 software. The CRFs will be
then stored in a special cabinet for inspection, and a
dedicated person will be assigned to manage them.

Data analysis
Intention-to-treat analyses will be used throughout the
study. The primary outcome will be compared between
the two groups using the Pearson χ2 test in 2×2 table
data. Time intervals and length of hospitalisation will be
analysed using the t test. The rates of favourable
outcome (mRS ≤2) and other outcomes will be com-
pared using a logistic regression model. HRs between
groups will be obtained with 95% CIs. Prespecified cov-
ariates forced into the models will include age, sex,
centre and baseline NIHSS score, followed by other
baseline covariates significantly (p<0.05) related to the
rate of outcome events between the two groups.
Interactions between these factors will also be explored.
Subgroup analysis will be performed according to the
results of interactive tests and clinical requirements, for
example, in those patients who received rt-PA and those
who received urokinase, and in those with different
stroke aetiology classifications. All analyses will be per-
formed with SPSS V.13.0 and R V.2.12.0.

Data and safety monitoring
An independent data and safety monitoring committee
(DSMC) consisting of emergency medicine, neurology,
neurosurgery, biostatistics and epidemiology experts has
been established. The DSMC will review the quarterly
reports on recruitment, participant retention, study
safety and data quality, and monitor study progress.
When severe adverse events occur, the experts in the
hub hospital will help to evaluate and discuss the
patient’s condition and provide timely recommendations
for treatment via the telemedicine consultation system.

Auditing
Two inspectors assigned by the hub hospital will occa-
sionally visit the participating hospitals to supervise
implementation of the study, check the quality of data,
and correct non-standard practices. If 20% of CRFs at a
site are substandard, then the site will be closed.

ETHICS AND DISSEMINATION
The procedures followed will be in accordance with the
ethical standards of the Institutional Review Board
(IRB) of Xijing Hospital and with the Declaration
of Helsinki. Approval was obtained from the IRB of
Xijing Hospital on 23 May 2014 (approval number:
KY20140523-1). At recruitment, every participant will be
informed of the protocol of the study, and then he/she
or his/her authorised surrogate will be asked to sign the

consent form. The IRB will review the annual reports
monitoring study progress.
The results will be presented at relevant conferences,

published in scientific journals, and presented to local
government and institutes supporting the introduction
of telemedicine systems.

DISCUSSION
ASAP-Tel is the first study to evaluate the effectiveness
and safety of decision-making concerning IV thromboly-
sis via a telemedicine consultation system for acute
ischaemic stroke patients in China. It differs from most
foreign telestroke studies in that it is based on widely
used, easily portable devices which can show real-time
video. In 2011, Mitchell et al31 demonstrated the accur-
acy of a smartphone client–server teleradiology system,
and showed that it could be used for the diagnosis of
acute stroke. Demaerschalk et al32 indicated that a real-
time video smartphone for assessing NIHSS score in
acute stroke patients was reliable and accessible com-
pared with bedside assessment. Here we have introduced
a smartphone or tablet computer into telemedicine
decision-making concerning IV thrombolysis for ischae-
micstroke patients. We believe the portability and accessi-
bility of this system will facilitate urgent management
decisions in acute stroke. In addition, with the advent of
fourth-generation telecommunications, mobile telecon-
sultation will be faster and of higher quality.
The main limitation of this study is that it is a historic-

ally controlled study, which may introduce some bias.
However, we predict that any bias will not significantly
influence the accuracy of results because the study
period is short (2 years). The preliminary investigation
found that the annual rates of IV thrombolysis were
similar in recent years.
In conclusion, ASAP-Tel is designed to improve stroke

care quality in local hospitals lacking neurological
expertise. The telemedicine consultation system may
play an important role in clinical practice for stroke
patients, and may be extended to manage patients in
broader settings in future.

Study status
This study is recruiting participants.
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