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Abstract
Background: Early pre-hospital initiation of blood pressure (BP) lowering could improve outcomes for patients with
acute stroke, by reducing hematoma expansion in intracerebral hemorrhage (ICH), and time to reperfusion
treatment and risk of intracranial hemorrhage in ischemic stroke (IS). We present the design of the fourth INTEnsive
ambulance-delivered blood pressure Reduction in hyper-ACute stroke Trial (INTERACT4).
Methods: A multi-center, ambulance-delivered, prospective, randomized, open-label, blinded endpoint (PROBE)
assessed trial of pre-hospital BP lowering in 3116 hypertensive patients with suspected acute stroke at 50+ sites in
China. Patients are randomized through a mobile phone digital system to intensive BP lowering to a target systolic
BP of < 140 mmHg within 30 min, or guideline-recommended BP management according to local protocols. After
the collection of in-hospital clinical and management data and 7-day outcomes, trained blinded assessors conduct
telephone or face-to-face assessments of physical function and health-related quality of life in participants at 90
days. The primary outcome is the physical function on the modified Rankin scale at 90 days, analyzed as an ordinal
outcome with 7 categories. The sample size was estimated to provide 90% power (α = 0.05) to detect a 22%
reduction in the odds of a worse functional outcome using ordinal logistic regression.
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Discussion: INTERACT4 is a pragmatic clinical trial to provide reliable evidence on the effectiveness and safety of
ambulance-delivered hyperacute BP lowering in patients with suspected acute stroke.
Trial registration: ClinicalTrials.gov NCT03790800. Registered on 2 January 2019; Chinese Trial Registry
ChiCTR1900020534. Registered on 7 January 2019. All items can be found in this protocol paper.
Keywords: Stroke, Pre-hospital, Blood pressure, Ambulance, Management, Clinical trial
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Introduction

Objectives {7}

Background and rationale {6a}

Hypothesis

Despite stroke being a major cause of loss in disabilityadjusted life-years (DALYs) [1], there are few proven
treatments and most are limited by short therapeutic
time windows [2, 3]. Intensive blood pressure (BP) lowering is an attractive treatment, as several low-cost antihypertensive agents are widely available, and there is
strong epidemiological data supporting the frequent occurrence [4] and prognostic significance of hypertension
in both ischemic stroke (IS) or intracerebral hemorrhage
(ICH) [5]. However, two of the largest trials of intensive
BP lowering in acute ICH had inconsistent effects on
functional recovery, despite the treatment being shown
to be safe and able to attenuate hematoma growth [6–8].
Similarly, the Enhanced Control of Hypertension and
Thrombolysis Stroke Study (ENCHANTED) showed that
intensive BP lowering specifically in patients thrombolyzed for acute IS failed to improve functional recovery
despite reducing the risk of intracranial hemorrhage [9].
There is also uncertainty over the optimal level of BP
control in patients with IS due to large vessel occlusion
treated with mechanical thrombectomy [10].
Despite these caveats, use of BP lowering in the prehospital setting has attracted attention in potentially being able to reduce hematoma expansion in ICH, and
shorten the time to initiate reperfusion therapy and reduce subsequent risk of intracranial hemorrhage in IS.
However, concerns have been raised by results of the
second Rapid Intervention with Glyceryl trinitrate in
Hypertensive stroke Trial (RIGHT-2). Not only was
there no overall improvement in functional outcome
from the use of a transdermal glyceryl trinitrate (GTN)
patch in patients with presumed stroke, but there were
worse outcomes in those with a final diagnosis of ICH
[11]. This work has highlighted the potential for enhanced bleeding in relation to vasodilation and antiplatelet effects of GTN and possibly other BP lowering agents
[12], as well as fuelling debate over the promotion of
cerebral ischemia within the vulnerable penumbra of IS
from such an approach [13].
Thus, we initiated the fourth in a series of early
intensive BP lowering trials, the INTEnsive
ambulance-delivered blood pressure Reduction in
hyper-ACute stroke Trial (INTERACT4), as a pragmatic, multi-center, ambulance-delivered, prospective,
randomized, open-label, blinded endpoint assessment
(PROBE) study to determine the effectiveness and
safety of hyperacute BP lowering for suspected acute
stroke in China. Herein, we report the final version of
the trial protocol, compliant with the Standard Protocol Items: Recommendations for Interventional Trials
(SPIRIT) reporting guideline, with sub-title labeled by
SPIRIT item number.

Hyperacute intensive BP lowering initiated in the
ambulance can improve functional outcome in patients
with suspected acute stroke.
Research questions

Compared to guideline-recommended BP management,
does hyperacute intensive BP lowering initiated in the
ambulance:
1. Improve functional outcome in patients with acute
stroke?
2. Prove to be safe in all patients with suspected acute
stroke?
3. Reduce the likelihood of death, death or
dependency, and duration of hospitalization and
improve physical function, health-related quality of
life (HRQoL), and living circumstances?
4. Reduce hematoma expansion specifically in patients
with a final diagnosis of ICH?
5. Increase access to reperfusion therapies
(thrombolysis and/or thrombectomy) in shorter
time from symptom onset and reduce the risk of
intracranial hemorrhage and size of cerebral
infarction, specifically in patients with IS?
6. Show no heterogeneity in the treatment effect
across certain types of patients?
7. Provide cost benefits?

Trial design {8}
The INTERACT4 study is a multi-center, ambulancedelivered, prospective, randomized controlled, openlabel, blinded outcome assessed (PROBE) trial conducted
through a network of regional hospital clusters, where a
total of 3116 patients with suspected acute stroke are
planned to be recruited across 50+ hospitals in China.
Potentially eligible patients will be recruited by either of
two mechanisms: (i) waiver of consent to the intervention in the ambulance, and written consent for follow-up
obtained in hospital; or (ii) consent to the intervention
via a brief written consent form in the ambulance, and
written consent for follow-up in hospital (if a waiver of
consent is not approved by the local ethics committee).
Randomized allocation of the intervention will be done
in a 1:1 ratio, using a central, automated, mobile-phone
accessed mini-program electronic software, with stratification based on region, age (≥ 65 vs < 65 years) and
Face/Arm/Speech/Time (FAST) deficit severity score
(score 3-4 vs 2). Ambulance staff are trained in the study
protocol,
covering
approaches
to
assessment,
randomization, treatment, and collection of key baseline
data. All information in ambulance, including basic
demographics, randomized treatment allocation, and BP

Song et al. Trials

(2021) 22:885

measurement and treatment details, are collected
through the mobile electronic database system which is
connected to investigator clinicians at local/regional hospitals. Other relevant documents, such as the consent
forms and BP charts, are handed over to hospital investigators as part of the transfer of care process. Endpoint
assessments are blinded to treatment allocation. A
schema of the study design is provided (Fig. 1).

Methods: participants, interventions, and
outcomes
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where the government MEC takes responsibility for
the administration of all ambulance and emergency
staff in the population which is served by 8 hospitals.
The other model of MEC is more common in China,
whereby ambulances are owned, and staff (medical
and driver) employed and dispatched from individual
hospitals within a region. This is the situation for the
Chengdu area, where approximately 30 hospitals, each
with their own ambulance service, are participating in
the study.

Study setting {9}

The trial is being conducted at approximately 3–4
medical emergency centers (MECs) that provide
ambulance services linked to hospitals in China covering
an eastern area of high-level of resources (i.e., Shanghai,
Jiangsu and Shandong provinces) and western and
northern areas with lower levels of resources (i.e., Sichuan, Yunnan, Shanxi, and Inner Mongolia). A full list
of collaborators can be found in Additional file 1. List of
INTERACT4 collaborators. The study involves two different types of ambulance administration systems. The
first is an independent organization whereby staff (medical and driver) are managed and dispatched from a central MEC to transfer patients to hospitals within a
region. This is the situation for the district of Pudong
(population 5.5 million over 1400 km2) in Shanghai,

Eligibility criteria {10}

To be eligible for inclusion, patients need to satisfy all
the following criteria:
 Age ≥ 18 years
 Acute syndrome due to presumed acute stroke,

defined by a FAST score of 2 or 3 with an arm
motor deficit, and a time ≤ 2 h from last seen well
 Systolic BP ≥150 mmHg(recorded twice)
 Able to provide brief informed consent (if waiver of
consent is not approved by the relevant ethics
committee)
Patients will not be eligible if there is one or more of
the following:

Fig. 1 Study flow chart. Footnote: BP indicates blood pressure, CT computerized tomography, FAST Face/Arm/Speech/Time scale, GCS Glasgow
coma scale, MRI magnetic resonance imaging, NIHSS National Institute of Health Stroke Scale, SBP systolic blood pressure
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 Coma—no response to tactile stimuli or verbal






stimuli (e.g., Glasgow coma score < 5)
Known severe co-morbid disease (e.g., cancer,
chronic airflow disease, severe dementia, severe
heart failure, pre-stroke disability [i.e., needing help
with daily activities])
History of epilepsy or seizure at the onset of
symptoms
History of recent head injury (< 7 days)
Hypoglycemia (glucose < 2.8 mmol/L)

In each case, the decision about a patient’s eligibility
will be based on the interpretation of these criteria by
participating ambulance staff.

What is the consent process? {26a}

Each participating site must obtain written approval(s)
from their hospital research ethics committee (EC) (e.g.,
institutional review board [IRB]), and any other relevant
regional or national body, before patient recruitment
commences. A two option, mixed consent process is the
proposed method for use in the study, according to
local/national rules and regulations.
Option 1: (a) Waiver of consent for administration of
study intervention in the ambulance and (b) consent for
use of medical data and follow-up of patients obtained
in hospital.
Reasons why waiver of consent is requested for this
study are outlined below.
 Ambulance staff have limited time to obtain consent

during their assessment, retrieval, and rapid
transport of a patient to the hospital. Taking
additional time to obtain informed consent could
delay a patient’s arrival at hospital, and potentially
compromise their management and outcome.
 Stroke is a critical illness, with a proven limited time
window for reperfusion treatments to benefit a
patient with IS and a hypothesized limited time
window for BP moderating treatments to benefit a
patient with ICH. The trial is assessing the benefits
of rapid BP lowering treatment initiated as soon as
possible after the onset of symptoms. Taking
additional time to obtain informed consent can
delay the initiation of treatment and reduce
potential benefits to the patient.
 Many patients with acute stroke do not have
cognitive capacity to provide informed consent, due
to impaired consciousness, aphasia, or confusion.
Limiting participation only to patients with mild
symptoms reduces the ability to assess the treatment
in a broad range of patients, and in particularly
those with more severe illness who have the greatest
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potential to benefit from reducing initial and
secondary brain injury after ICH and/or IS.
 Waiver of consent is often applied in the prehospital
setting for other similar critical illnesses, such as
cardiac arrest, head injury, and status epilepticus.
 The requirement for consent may compromise the
relationship between the ambulance staff and
patient/family, create suspicion/concern and/or
refusal to receive standard care, and potential to
worsen patient outcomes.
 The study intervention is low risk, as the
recommended BP lowering agent—urapidil—is
readily available in clinical practice and is being used
within its licensed indication to treat acute
hypertension. Urapidil has a well-accepted low adverse event profile, with the most common sideeffect of hypotension being readily corrected
through its discontinuation and the use of intravenous (IV) fluid replacement, for which ambulance
staff are well trained in its management. The administration of urapidil is by trained and accredited
ambulance-assigned doctors, and all adverse events
will be systematically reported to, and monitored by,
project staff; and reported and reviewed by an independent Data Safety Monitoring Board (DSMB).
The BP monitoring protocol has been well tested in
patients with acute stroke presenting to hospital, including those with acute ICH and IS, where the
small risk of harms being well defined.
Option 2: (a) Brief (limited) informed consent in
ambulance (if waiver of consent is not approved by the
EC) followed by (b) consent for use of medical data and
follow-up of patients obtained in hospital.
A brief consent will be obtained at the stroke scene or
in the ambulance, where four simple items will be
contained in the consent form and explained by the
ambulance doctor to the patient: (i) they are suspected
to have acute stroke, (ii) their BP may benefit from
lowering as early as possible, (iii) that IV bolus of a drug
to lower the BP or usual treatment without ambulance
BP lowering will be applied, and (iv) do they agree to
take part in a research study. If the patient is not fully
competent to give informed consent (e.g., aphasia or
reduced level of consciousness), the patient’s next-of-kin
or surrogate will be approached to sign this consent
form on his/her behalf.
If brief (limited) informed consent in the ambulance is
approved by local EC, for noncompetent patients for
whom there is no next-of-kin present to provide informed consent, further approval will be sought to allow
ambulance staff to proceed in randomizing a patient
using the physician-judgment consent method: an ambulance officer will sign on behalf of the patient, if there is
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no next-of-kin present and the patient is not competent
to provide informed consent.
All competent randomized patients will be given a
patient information sheet and informed consent form
(PISCF) as soon as possible following their admission to
hospital, ideally within the first 72 h. The PISCF will
outline that the hospital (site) is “participating in
research that is assessing early BP control delivered in
ambulance on progression of the stroke and recovery”
and that there is a need for data collection (in-hospital)
and follow-up assessment at 3 months. The patient will
have the opportunity to discuss and seek explanation
from an approved clinician investigator familiar with the
study protocol and use the locally approved consent
process for collection of data (in-hospital and/or followup assessments).
In many patients with acute stroke, symptoms of the
stroke can include diminished level of alertness,
impaired language, confusion, and other cognitive
deficits that render the patient unable to comprehend
much of the information that is given to them. If a
patient is not fully competent, the patient’s “surrogate”
will be approached and will be provided with the PISCF
to read and act on the patient’s behalf. A “person
responsible” is the legally appointed guardian, their
spouse or de-facto spouse or same sex partner; or if
there is none, their unpaid carer; or if there is none,
their relative or friend who has a close relationship with
the person.
In situations where the patient is unable to provide
consent and consent has been obtained from their
surrogate, the patient will be made aware of this as soon
as he/she is well enough, ideally before 7 days or their
discharge from hospital, so that he/she will have an
opportunity to discuss and seek explanation from a
clinician investigator associated with the study. Patients
will be given the opportunity to re-consent for the collection of their data (in-hospital and/or follow-up assessments) during their stay in hospital, or as soon as they
are able to decide, according to the locally approved
consent process.
If the patient is dying or remains unable to record
their personal consent during follow-up, the consent
given by the representative will stand, and study data
will be retained (or removed, if appropriate). The reason
for not being able to obtain the patient’s consent will be
documented, dated, and signed, and included in the patient’s medical record for filing.
Withdrawal of consent: The PISCF provided to the
patient and/or the next of kin or surrogate will clearly
state that the patient can be withdrawn from the study
at any time without prejudice and explanation. Such
withdrawal should be documented in the patient’s file. If
withdrawal of consent relates to the BP management
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alone, data collection can continue provided there is
documentation of this fact in the patient’s files.
Additional consent provisions for collection and use of
participant data and biological specimens {26b}

Not applicable.
Interventions
Explanation of the choice of comparators {6b}

The active comparator (intervention) is a treatment
strategy of intensive BP lowering initiated in the
ambulance in those participants with suspected stroke
and hypertension to achieve a systolic BP target of < 140
mmHg within 30 min, and to maintain this BP level for
the next 7 days, or at the time of hospital discharge
should this occur earlier. The control comparator
(control) is the treatment strategy according to local
protocols based upon guideline-recommended BP management, both in the ambulance and the hospital. For
those participants allocated to control group, BP lowering treatment can be considered for use in ambulance
only in those patients with persistently very high systolic
BP (e.g., ≥ 220 mmHg) or diastolic BP (e.g., ≥ 110
mmHg). After admission to hospital, patients in the control group should be treated based on a local guideline
of each participating hospital, the features of which will
be delineated.
Intervention description {11a}

The intervention, intensive BP management initiated in
the ambulance, is to commence as early as possible after
assessment of a patient, and to achieve a systolic BP
level < 140 mmHg within 30 min, and to maintain this
BP level for the next 7 days, or the time of hospital
discharge should this occur earlier.
A recommended treatment regime is giving an IV
bolus of 25 mg urapidil administered over 1 min, and
another 25 mg urapidil bolus if the BP level persists >
150 mmHg after 5 min. Urapidil is a sympatholytic
antihypertensive drug, which acts both as an α1adrenoceptor antagonist and a 5-HT1A receptor agonist,
and has a rapid onset (5 min, maximum at 15–30 min)
and no effect on intracranial pressure (ICP). BP monitoring in the ambulance will occur every 5 min on electronic charts, delivered to the hospital staff. Allocation
to early intensive BP lowering will be notified to hospital
investigators as early as possible by the ambulance staff.
Patients should keep a horizontal position while being
transported to the hospital or other location. IV bolus
(or maintenance infusion) treatment with urapidil will
continue in the emergency department (ED), where it is
anticipated that patients will stay (except for acute CT
or MR imaging) until they are clinically stable, and that
the target BP is achieved and maintained. BP lowering
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treatment chosen by the treating clinician will be continued in an acute stroke unit or other monitored facility,
to maintain a systolic BP level < 140 mmHg for the next
7 days. Oral BP lowering agents (dependent upon local
availability) can be used after a stable target BP level is
reached, but it is expected that IV therapy will continue
to be required during the initiation of oral antihypertensive therapy, to maintain the systolic BP levels of < 140
mmHg. A systolic BP < 130 mmHg is considered the
threshold for cessation of therapy. Each site receives a
standardized, stepped titratable, intravenous BP lowering
protocol, based upon available medications, that is established in advance.
Criteria for discontinuing or modifying allocated
interventions {11b}

The investigator must not deviate from the protocol,
except where the patient/surrogate chooses to withdraw
the consent of participation in this study. However,
allocated management in either group should be
discontinued or modified if any of the following occur:
(i) a serious adverse event (SAE), which in the opinion
of the investigator, is related to the trial protocol and (ii)
the investigator feels that it is in the participant’s best
interest.
Follow-up data will be collected for all participants,
except those who specifically withdraw.
Strategies to improve adherence to the intervention {11c}

A process evaluation, designed to gain insights into the
barriers and facilitators to change pre-hospital management and implementation of the intervention, will be
undertaken through formative stakeholder interviews
alongside with the trial. Preliminary findings have
highlighted various barriers to BP lowering, whereby
many ambulance doctors (i) are initially cautious with
the treatment due to concerns over adverse effects, (ii)
are not familiar with using IV urapidil, and (iii) have
problems with continuity of the treatment during the
transfer of care over to ED staff on presentation to hospital. To address these barriers, regular SAE reports related to intervention and DSMB recommendations are
provided to both ambulance and hospital investigators,
to inform them of the safety of intensive BP lowering in
the hyperacute phase of stroke. Training on the administration and effects of urapidil and other rapid BP lowering agents are given to ambulance doctors. Regional
coordination center (RCC) project staff will liaise with
site investigators to establish the admission and treatment procedures in the ED at each site. Finally, ambulance and site investigators will be provided regular
intervention quality reports during the study, as well as
remote communication and on-site monitoring to improve the adherence to the intervention.
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Relevant concomitant care permitted or prohibited during
the trial {11d}

All medical or surgical treatments, besides the allocated
BP management, are permitted during the study; they
are to be recorded on the case report form (CRF).
Provisions for post-trial care {30}

Not applicable. This study is evaluating the effectiveness
of intensive BP lowering commenced in the ambulance
in patients with suspected hyperacute stroke. The result
may modify current medical practice, in particular over
pre-hospital assessment and care. However, as this intervention is already available in routine practice, it can be
sustained beyond completion of the study.
Outcomes {12}

The primary outcome is functional recovery on the
modified Rankin scale (mRS) measured by structured
interview at 3 months, with analysis as an ordinal
outcome (shift across all seven scoring categories of
physical function that range from 0 to 5, with death as
6) [14].
Secondary outcomes include:
• For ICH patients—hematoma volume at
presentation and 24 h, with analysis as dichotomized
outcomes of relative (> 33%) and absolute (> 6 mL)
growth over 24 h
• For IS patients—time to, and rate of, reperfusion
treatment (thrombolysis and/or thrombectomy); infarct
size on MRI within 2 days after stroke onset; and
frequency of symptomatic intracranial hemorrhage,
measured centrally with standard definitions
• For all stroke patients—functional outcomes (death
or dependency [mRS scores 3-6]) at 3 months; separately
on death or dependency at 3 months; death or neurologic deficit progression measured by National Institutes
of Health Stroke Scale (NIHSS) scores [15] at 24 h and
7 days, with analysis as a continuous outcome using linear regression with adjustment for baseline score; and
length of hospital stay, place of residence, and healthrelated quality of life (HRQoL) according to the EuroQoL Group 5-Dimension self-report questionnaire (EQ5D) [16], all at 3 months
Safety outcomes in all participants including those
with a transient ischemic attack and stroke mimic will
be recorded for the duration of follow-up. They will be
assessed as all-cause and cause-specific SAEs and categorized according to standard organ system-specific
criteria.
Participant timeline {13}

The schedule of randomization for sites as well as
enrolment, treatment allocation, and assessments for
participants is outlined in Table 1.
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Table 1 Collection of data in INTERACT4
Evaluation

Screen + enrolment log Baseline Day 1 7 days/discharge/transfer/deatha BP monitoring chart 3-month follow-up

Forms

A

Eligibility

X

B

C

D

Consent/re-consent

X

Vital signs

X

X

X

X

BP

Xb

X

X

X

X

X

X

NIHSS

X

X

X

Medical history

X

CT scan

X

X

X

GCS

E

X

MRI scan for AIS

Xc

X

mRS

X

X

X

EQ-5D

X

Routine blood tests

X

X

Standard stroke care

X

X

Final diagnosis

X

Medications in use
SAEs
Healthcare cost

F

X

X

X

X

X

X

X

X

X

Abbreviations: AIS acute ischemic stroke, BP blood pressure, CT computerized tomography, EQ-5D EuroQol 5 dimensions instrument for assessment of healthrelated quality of life, GCS Glasgow coma scale, MRI magnetic resonance imaging, mRS modified Rankin scale, NIHSS National Institute of Health stroke scale, SAEs
serious adverse events
a
Assessed at earliest time point among day 7, discharge, transfer, or death
b
Q5 min for 30 min after randomization; Q15 for 1 h
c
Q15 min for 1 h after admission to hospital; hourly from 1 to 6 h after admission to hospital; 6 hourly from 6 to 24 h after admission to hospital. At any point
where intravenous bolus drugs are administered, BP and HR are recorded 5 and 15 min later, respectively

Sample size {14}

The sample size for this study is based on 90% power (p
= 0.05) to detect a 22% reduction in the odds (common
odds ratio [OR] of 0.78) of a worse outcome using an
ordinal logistic regression. Assuming a distribution of
mRS in the control group that is similar to that observed
in the placebo group of the Field Administration of
Stroke Therapy–Magnesium (FAST-MAG) trial [17], the
largest pre-hospital stroke management trial that included suspected stroke patients within 2 h of symptoms
onset (mRS distribution of 18.4%, 16.2%, 18.3%, 13.3%,
10.6%, 10.2%, and 13.0%, for scores of 0 to 6, respectively), it would correspond to a 6.1% absolute improvement in the proportion of patients experiencing a poor
outcome (mRS scores 3-6), that is from 47.1% down to
41.0%. This would translate into a 13% relative risk reduction (relative risk of 0.87). Assuming 30% of participating patients will have a stroke mimic and 5% will
have missing outcomes, the total sample size is 3116
participants to be recruited over 3 years.
Recruitment {15}

The study co-investigators, as regional leaders, are responsible for attracting eligible MECs and hospitals
from their various networks. High-quality hospitals

that have participated in previous studies of The
George Institute for Global Health will also been invited to participate. As recruitment occurs in the ambulance, training and screening oversight of the
ambulance medical staff is critical to achieving the recruitment target. Regular and specific training on recognition of suspected stroke patients, mastering
eligibility criteria, and using the randomization system
on smartphone will be provided by RCC staff. All
suspected stroke patients are required to be entered
into this mini-program, as well as details of the reasons why screen-fail patients are excluded from the
trial. A screening report will be given to both the
Central Coordinating Center (CCC) and RCC.

Assignment of intervention: allocation
Sequence generation {16a}

An internet-based electronic randomization system will
be accessed to allocate eligible participants to randomized BP management group in a 1:1 ratio. The
randomization sequence will use an algorithm to ensure
balance in key prognostic factors, according to the stratification variables of region, age (≥65 vs < 65 years) and
FAST score (3-4 vs 2).
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Concealment mechanism {16b}

Concealment of treatment group assignment until the
patient has been randomized will be accomplished by
making treatment allocation known only after study
personnel have enrolled the patient and entered patient
characteristics into the internet-based randomization
application.
Implementation {16c}

After patient eligibility is confirmed, the investigator in
the ambulance will access a secure 24/7 internet-based
electronic randomization system based upon a Wechat
app on a mobile phone developed by Bioknow company.
Before randomization, the system requires several stratification factors to be entered including region, age, and
FAST score. The investigator will then deliver the allocated treatment to the patient according to the
randomization result showed on the mobile phone. All
suspected acute stroke patients screened for the study
that are not included, as well as recruited patients, must
be recorded on the screening/enrolment log. This information is to be uploaded to the CCC database.

Assignment of interventions: blinding
Who will be blinded {17a}

The treatment is open label to patients and investigators
who need to provide BP management in the ambulance
and at sites. All other investigators, statisticians and
end-point assessors, who are trained to collect outcome
measures by face-to-face visit or telephone at 3 months,
are blind to the treatment allocation.
Procedures for unblinding if needed {17b}

Not applicable. This study is an open-label intervention.

Data collection and management
Plans for assessment and collection of outcomes {18a}

Ambulance investigators are required to collect
eligibility data on patients at the stroke scene or in the
ambulance. Measurement, monitoring, and treatment
related to BP should be recorded on a specific chart
provided by study and then handed over to hospital
investigators when bridging occurs at hospital sites.
Hospitals are required to collect data on patients at
admission (baseline), 24 h and 7 days BP monitoring
chart, separation (day 1; day 7 or at discharge if earlier,
transfer from the hospital or death), and all SAEs
including death until the 3 months of follow-up. The
follow-up assessments are to be undertaken by an investigator who was not involved in the clinical management
of the patient, and blind to the study treatment
allocation.
Study management will be facilitated by an established
internet-based system. Table 1 illustrates the schedule
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and nature of the data collection required during the
study period.
Plans to promote participant retention and complete
follow-up {18b}

The investigators collect a range of contact information,
including those of the patient and several relatives and/
or friends at hospitalization. The investigators emphasize
to participating patients (or their responsible person[s])
during the consent process and at discharge, that they
are to receive a telephone call at 3 months to invite
them coming back to outpatient to check on their health
status face-to-face. If the patients are unable to go to
clinic, the assessors will conduct the assessment via telephone directly.
Data management {19}

Ambulance investigators record the measurement,
monitoring, and treatment related to BP on a specific
chart provided by study and handed over to hospital
investigators when bridging to sites. Hospital
investigators are responsible to enter the records into
the electronic database. Sites receive paper versions of
the CRFs and a procedure manual to serve as a
reference guide in using the database; each data element
is defined to ensure investigators are accurate and
consistent in data entry. All data entry will be completed
via a secure web-based electronic data collection system.
This will allow for real-time data query generation for
values entered outside of pre-set valid ranges, and for
consistency checking. This system will speed up data
reporting and assist overall trial management for all participating centers. Data entry will be performed at the
participating sites. Only authorized staff will have access.
All entered data forms will be electronically signed (by
use of the unique password) by authorized study staff.
All changes made following the initial entry will have an
electronically dated audit trail. Centralized coding of
outcomes will be performed by a trained medical coder
using Medical Dictionary for Regulatory Activities (MedDRA) criteria: he/she will review reporting of outcomes
and confirm the accuracy of coding.
Confidentiality {27}

Every precaution is taken to respect the privacy of
participants in the conduct of the study. Only deidentified data will be used for statistical analysis and the
publication of results to maintain confidentiality. During
monitoring of data quality and adherence to the study
protocol, research staff will refer to source documents
(medical records) at participating hospitals. This information is included in the PISCF. All individual and site
information will be de-identified in reports and results
to further protect the confidentiality of participants.

Song et al. Trials

(2021) 22:885

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}

Not applicable. Biological specimens are not collected as
part of this study.
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hematoma volume, will be analyzed using linear
regression that includes the baseline outcome value (e.g.
NIHSS score or hematoma volume) as a covariate.
A detailed analysis plan including mock tables will be
finalized before the database is locked.

Statistics methods
Statistical methods for primary and secondary outcomes
{20a}

The intention to treat (ITT) principle will be applied in
the main analysis, for all participants with presumed
acute stroke as if they had received the intervention to
which they were supposed to receive, irrespective of
whether or not the treatment was actually received, and
regardless of subsequent withdrawal from treatment or
deviation from the protocol. The primary endpoint of
functional recovery at 90 days will be assessed using the
mRS score and analyzed using adjusted ordinal logistic
regression. The intervention effect will be estimated as
the common odds ratio (OR) and its 95% confidence
interval (CI). The model will be adjusted by the
stratification variables (region, age, and FAST score) as
well as pre-morbid mRS score. In case of violation of the
proportional odds assumption, the common OR and
95% CI will still be reported; however, a sensitivity analysis will be undertaken using linear regression and
treating the mRS score as a continuous variable, thus estimating the effect of the intervention as an adjusted
mean difference in mRS score. As a reference, an unadjusted sensitivity analysis without any baseline covariate being included will also be undertaken. The study
will use a hierarchical approach for analysis of the study
populations, starting with a primary analysis of all participants with a confirmed stroke (ICH or IS) and progressing to a secondary population of all randomized
patients (i.e. including ICH, IS, transient ischemic attack,
and mimics). A per-protocol (PP) analysis will also be
undertaken only for those patients who strictly adhered
to all aspects of the protocol. Multiplicity will be controlled by sequential gatekeeping. The primary population will be analyzed first with p threshold of 0.05. If the
primary population shows p ≤ 0.05 on the primary outcome analysis, then the secondary population will next
be analyzed also in a hypothesis-confirming manner with
p threshold of 0.05. If the primary population shows p >
0.05, then the secondary population will next be analyzed in an exploratory manner (with nominal p threshold of 0.05). No further adjustment for multiplicity is
planned since all secondary analyzes are hypothesisgenerating and designed to support the primary analysis.
Binary endpoints such as death and dependency and
early neurological deterioration will be analyzed using
adjusted binary logistic regression. Continuous
outcomes, such as NIHSS score or changes in

Interim analyses {21b}

Two “formal interim analysis” meetings will be held by
DSMB by teleconference (or face-to-face, if possible) to
review data relating to treatment efficacy, patient safety,
and quality of trial conduct. A recommendation to discontinue prematurely will be based upon there being
clear evidence that the treatment provides protection or
causes harm for an important clinical outcome. The
DSMB will work on the principle that a difference of at
least 3 standard errors in an interim analysis of a major
outcome event (e.g., death from all causes or independent survival at 3 months) between patients allocated to
the intensive or the control group, to justify halting, or
modifying the study, before the planned completion of
recruitment. Given the minimal impact of this approach
on the type-I error rate, no adjustment is made to the
final significance level [18].

Methods for additional analyses {20b}
Health economic evaluation

Health economic evaluation provides value judgment for
health policy makers when they consider scaling up the
health intervention. In INTERACT4, the intervention of
BP lowering will be initiated in the ambulance and the
BP target will be maintained during hospitalization for 7
days. The potential for clinical benefit may be offset by
heavy workload, shortage and frequent turnover of staff,
insufficient professional training, limited medical
devices, and variable transportation imposed within
the local healthcare system. As half of the proposed
participating sites are secondary hospitals with limited
resources, including clinical devices and professional
staff, it is important to know whether the study
intervention is cost effective compared to the
conventional care. A within-trial economic evaluation
will be conducted to compare the incremental costs,
including costs of intervention and difference in
health service cost versus the incremental effectiveness, which will be expressed using quality-adjusted
life years. Intervention and healthcare costs will be
collected from the trial. The incremental cost effectiveness ratio will be calculated and then compared to
the willingness-to-pay threshold in China, to determine the cost-effectiveness of the intervention. The
economic evaluation will be conducted from the
healthcare payer’s perspective.
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Process evaluation

The intervention is complex and is required to be
implemented in the context of managing patients with
suspected acute stroke. Implementation of the
intervention involves collaboration across different
organizational settings (ambulance, ED, neurology/
neurosurgical department and intensive care unit [ICU]).
It is important to evaluate the quality of implementation
and the perspectives of clinicians in the trial in such
complex health system context. The fidelity, reach, dose,
adoption, feasibility, and appropriateness of the
intervention, as well as contextual conditions (current
policies, settings resources etc.) that affect the delivery of
the intervention, will be evaluated in the trial. The
Medical Research Council (MRC) process evaluation
framework and normalization process theory (NPT) will
be used to generate questions and indicators for the
evaluation
regarding
conceptions
to
inform
implementation strategies and explore how the trial
interventions are integrated into routine health care
practice [19].
Both qualitative and quantitative data will be used to
address these objectives of process evaluation. Focused
group discussions will be conducted with ambulance
staff to collect information on implementation to
understand the fidelity of intervention in the ambulance.
To evaluate the intervention implementation in the
hospital,
semi-structured
interviews
and
nonparticipants’ observations will be conducted with physicians and nurses from participating sites. Additional data
sources such as observational records (such as routine
monitoring data, field notes and CRFs) will be obtained
to explore the dose and reach of the intervention. The
evaluation will be conducted across different time points
(both in the early and mid-phases of the study) to determine any issues that the research team can help to address. The sites involved in the process evaluation will
be selected by purposive sampling according to prespecified criteria (e.g., performance, recruitment quality
and workload). All qualitative data will be collected by
trained interviewers and observers to ensure internal validity and the data will be recorded and transcribed for
further analysis under participant’s permission.
Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}

The ITT approach is to be performed as the primary
analysis of intervention effect. A sensitivity analysis or
per-protocol approach will be conducted to detect the
consistency of primary outcome. The population involved in the final analysis will be fully described, and
the differences of baseline characteristics between analyzed and enrolled populations will be compared. Any
missing primary outcomes at 90 days will be handled
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using a multi-imputation method incorporating each patient’s baseline variables, and all available neurologic deficits (NIHSS) and global disability (mRS) values.
Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

The data collected is owned by the TSC. Datasets
generated and/or analyzed will be available to all study
investigators, and to investigators at other institutions
around the world, according to a strict data sharing
agreement. Data sharing will be available from 12
months after publication of the main results.
Investigators are to make a formal request for data
sharing through the Global Research Committee of The
George Institute for Global Health, and according to a
data sharing policy (https://georgeinstitute.sharepoint.
com/TGIPolicy/Data%20Sharing%20Policy.pdf). Access
will be controlled by the Principal Investigators (PIs)
with the approval of the trial steering committee (TSC).
Publications and reports

Publication of the main reports from the study will be in
the name of INTERACT4 Collaborative Investigators.
Full editorial control will reside with a Writing
Committee approved by the SC. Writing Committees
will be formed from members of the various
committees, statisticians, research fellows and
investigators. Authors of publications must meet
International Committee of Medical Journal Editors
(ICMJE) guidelines for authorship.
We have designed the study so that the data can be
shared to external groups for secondary analysis, such as
individual patient data meta-analysis, according to formal data sharing agreements approved by the Research
Office of The George Institute as well as regulations and
laws of the People’s Republic of China. A full list of secondary analyses will be outlined a priori in the Statistical
Analysis Plan (SAP) prior to unblinding of the data.

Oversight and monitoring
Composition of the TSC and CCC {5d}
TSC

The TSC comprises the PIs, regional leaders, and expert
academic researchers in the fields of stroke, neurocritical
care, neurology, cardiovascular epidemiology, and
clinical trials and is governed by a Charter (Additional
file 3). The TSC is responsible for overseeing the
execution of the study design, protocol, data collection,
and analysis plans, as well as publications.
CCC

The CCC is based at The George Institute China,
supported by project staff, and is responsible for the
day-to-day management of the study, data and project
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management, committee coordination, assistance with
ethics committee and regulatory applications, protocol
and procedures for training of participating sites, overseeing of initiation visits and activation of participating
centers, monitoring of data quality and adherence to
protocol, applicable guidelines and regulations, and
preparation of study data for analysis and publication.

24 h or as soon as the event is recognized. All SAEs are
reviewed by a medical monitor assigned to the trial and
coded using Medical Dictionary for Regulatory Activities
(MedDRA) criteria. Safety outcomes are reported to the
presiding EC in line with their requirements every 6
months, as well as for review by the DMSB at each
meeting. All SAEs will be published in the main report.

Composition of the data monitoring committee, its role,
and reporting structure {21a}
DSMB

Frequency and plans for auditing trial conduct
{23}
There are no plans for auditing trial conduct.

The DSMB is independent of the sponsor, and
responsible for reviewing the safety, ethics, and
outcomes of the study. During the period of patient
recruitment, the DSMB monitors the primary,
secondary, and safety outcomes for early dramatic
benefits or potential harmful effects and provides reports
to the TSC on recommendations to continue or
temporarily halt recruitment to the study. The DSMB is
governed by a Charter outlining responsibilities,
procedures, and confidentiality and reviews the
accumulating unblinded data at regular intervals
(Additional file 2).
SAE reporting and harms {22}

An SAE is defined according to standard convention as
any untoward medical occurrence that results in any of
the following: (i) results in death, (ii) is life threatening
in the opinion of the investigator (at the time of the
event), (iii) requires admission to hospital or
prolongation of an existing hospital stay, (iv) results in
persistent or significant disability or incapacity, (v)
results in congenital anomaly or birth defect, or (vi) is
an important medical event in the opinion of the
investigator that is not immediately life-threatening and
does not result in death or hospitalization but which
may jeopardize the patient or may require intervention
to prevent one of the other listed outcomes.
All SAEs are systematically collected by investigators
according to questions outlined in the case report forms
(CRF) at each follow-up, and according to the International Conference on Harmonization of Good Clinical
Practice (ICH-GCP) guidelines for reporting of SAEs.
An SAE form must be used to record the details of the
event, and this will include a full description of the
event, classification of the event using the above definitions, the PI’s opinion on the causal relationship to the
randomized management group, and the timing of the
event. The PI will be required to submit at least one
follow-up report to provide further information for the
outcome of the SAE to be recorded. The SAE should be
documented in the medical records or patient file and
signed and dated by the investigator, for audit and monitoring. All SAEs should be reported to the CCC within

Plans for communicating important protocol
amendments to relevant parties (e.g., trial
participants, ethics committees) {25}
All protocol amendments are approved by the TSC and
communicated to co-investigators and commercial partners. The amended protocol can be implemented only
after review and approval by ethics committees.
Dissemination plans {31a}
In addition to relevant reports developed in formats
suitable for various stakeholders, the findings will be
published in high impact journals, presented at national
and international conferences on stroke, cardiovascular
disease, and hypertension. A series of seminars will be
held at the end of the study across China, targeting
academics, researchers, clinicians, and local health
officers. Discussion and debate will assist in integrating
the results, whatever the findings, into clinical practice
and to influence the decisions of guideline and policy
makers.
Discussion
INTERACT4 is a multi-center, ambulance-initiated, preand in-hospital-combined pragmatic clinical trial being
conducted in China that aims to address ongoing uncertainties over the effectiveness and safety of early intensive BP lowering in patients with suspected stroke. The
participation of a broad range of MEC administration
systems in different medical resource settings across
China will maximize the generalizability of the study
results.
During the first year after the trial commenced, over
300 patients have been recruited at 30 hospitals in
eastern (Shanghai) and western (Sichuan province)
regions of China, demonstrating feasibility of the
assessment and randomization systems, use of waiver of
consent or brief consent, and implementation of the
treatment in ambulance settings in both high- and lowmedical resources regions. There have been several
protocol deviations in the ambulance: (i) eligibility deviations, mostly from including randomized patients with
an onset time beyond 2 h (mostly due to wake-up
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stroke) or with severe comorbid disease conditions, and
(ii) intervention deviations that have included not providing BP lowering to patients allocated to the intensive
group or giving BP lowering to those in control group.
Short transportation times, for example averages of 15
and 20 min in Shanghai and Chengdu, respectively, are
the main reason why ambulance doctors have limited
time to collect baseline information or deliver treatment.
However, such protocol deviations improved through
2021 after further training of investigators.
The COVID-19 pandemic caused a major challenge to
the recruitment, mainly by adversely influencing the behavior of patients with suspected stroke symptoms [20].
More than half of the screen failure reasons were because of a presentation time beyond the inclusion criteria of 2 hours from symptom onset. Although COVID19 was well controlled in China by mid-2020, these latepresenting patients (or their family members) indicated
that they postponed calling the emergency hotline due
to concerns of “getting infected” from being exposed at
a “high-risk” hospital; their first reaction was to wait and
hope that the symptom(s) would mitigate or disappear.
Since the recruitment schedule was slower than planned
across the two initial regional centers (Shanghai and
Chengdu), the TSC decided to expand the study to other
regions and hospitals in 2021.
Currently, of all screened patients, the successful
recruitment rate is stable at 25–30%, which equates to
approximately 35 patients being randomized per month
across 20 hospitals in two regions. The trial is being
expanded to over 50 hospitals in 9 provinces, with the
aim of recruiting to a target of 70–80 patients per
month to ensure the required sample size is achieved
within the proposed study period.
As the largest pre-hospital clinical stroke trial, INTERACT4 aims to establish a widely applicable treatment
strategy, facilitate capacity building of stroke care in the
ambulance setting, and provide reliable evidence and improve medical emergency systems.

Trial status
The study has been approved by relevant ethics
committees and regulatory bodies at country-level, local
MECs and hospitals in China.
Patient enrolment commenced in March 2020 and is
planned to end in December 2023. As of 31 March
2021, 377 participants have been enrolled at 30 sites in
Shanghai and Sichuan province of China. The study plan
to expand to more than 50 sites in 9 provinces across
China during mid-2021; currently, 50 local site EC approvals have been obtained. The current protocol is version 2.0, and all protocol updates have been approved by
TSC, EC, and communicated with investigators and
DSMB members.
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