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Abstract

Background: Warfarin treatment requires frequent monitoring of INR (international normalized ratio) to adjust
dosage in a therapeutic range. In China, patients living in small towns usually go to tertiary hospitals to get warfarin
monitoring and dosing, resulting in low frequencies of follow-ups and high incidence of complications. Influenced
by the COVID-19 pandemic, patients on warfarin have further reduced their visits to healthcare institutions. While
patient self-testing (PST) via using a point-of-care testing device for INR measuring at home has been widely used
in developed countries and demonstrated improved clinical outcomes compared to usual care in clinics, it is rarely
applied in developing countries, including China. This proposed study will develop and assess the “Safe
Multidisciplinary App-assisted Remote patient-self-Testing (SMART) model” for warfarin home management in China
during the COVID-19 pandemic.

Methods: This is a multi-center randomized controlled trial. We will carry out the study in three county hospitals,
three small tertiary hospitals and three large tertiary hospitals with anticoagulation clinics in Hunan province of
China. Eligible patients will be randomly assigned to the SMART model group (n = 360) or the control group (usual
care clinic group, n = 360; anticoagulation clinic group, n = 120). Patients in the SMART model group do PST at
home once every two to 4 weeks. Controls receive usual care in the clinics. All the patients will be followed up
through outpatient clinics, phone call or online interviews at the 3rd, 6th, 9th and 12th month. The percentage of
time in therapeutic range (TTR), incidence of warfarin associated major bleeding and thromboembolic events and
costs will be compared between the SMART model group and control groups.
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COVID-19 pandemic.

Discussion: Patients in the SMART model group would show improved TTR, lower incidence of complications and
better quality of life compared to the control groups. Our design, implementation and usage of the SMART model
will provide experience and evidence in developing a novel model for chronic disease management to solve the
problem of healthcare service maldistribution, an issue particularly obvious in developing countries during the

Trial registration: ChiCTR, ChiCTR 2000038984. Registered 11 October, 2020.
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Background

In line with the increasing aging population, the inci-
dence and prevalence of atrial fibrillation (AF) and other
thromboembolic diseases have dramatically increased
and become a significant health problem worldwide [1].
Patients with these conditions should take long-term or
lifelong anticoagulant drugs to prevent or treat throm-
bosis. It’s estimated that at least 0.6% of people in China
need anticoagulation therapy [2, 3].

Although the new oral anticoagulants (NOACs) have
been used as alternatives to warfarin due to good safety
and less monitoring, warfarin remains the first line anti-
coagulant in certain conditions, including mechanical
heart valve replacement, severe mitral stenosis, renal fail-
ure and etc. In addition, anticoagulant choice is im-
pacted by patients’ individual preference, insurance
allowance and personal economic situation. Therefore,
warfarin will continue to be widely used across the
world.

Warfarin treatment is cheap and effective, but requires
frequent monitoring to adjust dosage under professional
guidance. In China, patients and families from rural lo-
cations often need to travel several hours to tertiary hos-
pitals in big cities to get quality warfarin monitoring and
dosing, resulting in poor compliance, limited monitoring
frequency, high incidence of warfarin related complica-
tions and increased costs. During the COVID-19 pan-
demic, many patients with chronic diseases, including
patients on warfarin, have reduced their visits to hospi-
tals due to the social distancing policy and shortage of
medical resources.

In China, the percentage of time in therapeutic range
(TTR, a tool of measuring warfarin treatment effects)
was less than 40%, which was significantly lower than
that of 62% in western countries [4]. Clinical observation
studies found that warfarin associated ischemic stroke
and intracranial bleeding were respectively 5.23 and
2.94% in patients from China, significantly higher than
patients from the rest of the world (2.94 and 0.63%, re-
spectively) [5]. In warfarin-treated patients in China, the
median in-hospital direct cost per patient was about $3,
000 for thrombosis and $4, 500 for intracranial
hemorrhage [6]. These data suggest that warfarin

management in China needs further improvement. An
investigation study launched by the PI using the Ander-
sen’s Health Services Utilization Behavioral Model in
469 patients on warfarin indicated that long time and
high cost for travel, low family income, low quality of
warfarin monitoring and dosing in local hospitals were
dominant reasons for missing follow-ups (data not pub-
lished yet).

Anticoagulation clinics (AC) have been proved safer
and more effective than usual care in warfarin manage-
ment [7, 8], but there are only about 50 ACs located in
big cities of China (mainly run in a physician-pharmacist
cooperative AC pattern) at present. The number of ACs
is too low, and it is not easy to open more ACs due to
limitation of health care professionals and longtime
education.

Point-of-care testing (POCT) device designed for meas-
uring INR by patients or their families was first developed
in 1980s in America [9] and then widely used in many de-
veloped countries. Compared to traditional laboratory
INR test in outpatient clinics, POCT has great advantages
in convenient home testing and fast result reporting. Soon
patient self-testing (PST) for warfarin home management
by using POCT devices and telehealth has been rapidly
applied in developed countries. Although the PST model
of warfarin management has demonstrated improvement
of clinical outcomes compared to usual care clinics and
anticoagulation clinics [10], it is rarely applied in develop-
ing countries, including China.

The COVID-19 pandemic has motivated significant
changes to health-care system, many of which will have
a lasting impact. Telehealth or telemedicine, which is de-
fined as the use of medical information over a spatial
distance through electronic communication to improve
a patient’s health, has been widely implemented during
and after the COVID-19 pandemic all over the world
[11, 12]. In the early stage of the pandemic, we had inte-
grated telehealth and INR testing POCT device to guide
a few patients to monitor INR and adjust warfarin dos-
age at home. Those patients were managed very well
with improved TTR and satisfaction.

In order to improve warfarin management in China
during the COVID-19 pandemic, we have proposed a
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novel management mode called the “Safe Multidisciplin-
ary App-assisted Remote patient-self-Testing (SMART)
model” for warfarin home management. Our team has
developed a mobile phone based app which called “XY”
app, (XY is abbreviated for Xiangya Second hospital) to
efficiently assist managing warfarin with different strat-
egies based on patients’ risks of bleeding or thrombosis.
Moreover, we will use the resources of medical alliance
(of which tertiary hospitals collaborate with local hospi-
tals for patient treatment and referral) to train local
health care providers and establish multidisciplinary
teams to manage patients together.

Aim

This study aims to improve patients’ medical outcomes
and quality of life, reducing patients’ burden of frequent
follow ups in tertiary hospitals, and decreasing patients’
dependence on health care professionals to a certain ex-
tent by implementing the SMART model to manage pa-
tients on warfarin during the COVID-19 pandemic.
Moreover, our study will provide experiences of tele-
health implementation during and after the COVID-19
pandemic, which would be particularly helpful for areas
with uneven medical quality. Ultimately, we expect to
expand the SMART model to manage other chronic
diseases.

Methods/design

Study design

This is a multi-center randomized controlled trial. We
will carry out the study in three large tertiary hospitals
with anticoagulation clinics, three small tertiary hospitals
and three county hospitals in Hunan province of China.
Eligible patients will be randomly assigned to the
SMART model group or the control group (usual care
clinic and anticoagulation clinic). Patients in the SMART
model group do PST at home once every two to 4
weeks. Control patients receive usual care without inter-
vention. All the patients will be followed up through
outpatient clinics, phone call or online interviews at the
3rd, 6th, 9th and 12th month. The percentage of time in
therapeutic range (TTR), incidence of warfarin associ-
ated major bleeding and thromboembolic events and
costs will be compared between the SMART model
group and control groups. Figure 1 describes the study
design.

Study participants and inclusion criteria

Patients eligible for this project have to comply with all
of the requirements below: are expected to be on war-
farin treatment for the duration of at least 12 months,
accept the study protocol and randomization, and sign
an informed consent. Patients who fall into any of the
following criteria are excluded in this project, including
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pregnancy or plan to get pregnant in 18 months, had ex-
perienced a bleeding complication requiring treatment
in the past 6 months, are unable to attend a hospital in
6 hours, renal failure (hemodialysis or glomerular filtra-
tion rate < 10 mL/min), dementia or unstable psychiatric
conditions or receiving treatment for cancer.

A patient who has been enrolled in the project will be
considered as a dropout if meets any of the following
criteria and the reason will be recorded: the patient de-
cides to withdraw for any reason; the patient in the
SMART model group does not follow the health-care
professionals’ instruction for at least twice; the re-
searcher considers the patient is no longer physically
and/or psychologically fit to remain in the study. The
impact of dropouts on statistical analyses, including
intention to treat, will be used by carrying the last obser-
vation forward.

Study settings

As the quality of medical care in China is unbalanced
distributed, we will carry out the study in hospitals re-
spectively representing low (county hospitals), medium
(small tertiary hospitals) and high levels (big tertiary hos-
pitals with ACs) of anticoagulation management in
Hunan province to comprehensively evaluate the
SMART model. Three hospitals of each level are ran-
domly selected, thus finally nine hospitals are included
in this study. Our hypothesis is that the SMART model
is not only better than the usual care (UC, physician
managed clinics) and the AC management, but also
could be applied in different levels of hospitals in China.

Procedures

Training health care providers

All the participated health-care providers from nine hos-
pitals will be organized together to receive both face-to-
face seminar training courses and online meetings to
master the study protocol and the measurements of
managing patients. Table 1 shows the detailed training
courses. In each hospital, a multidisciplinary team con-
sisting of a physician and a pharmacist will manage their
patients in the SMART model group together. For the
three county hospitals, experienced pharmacists who
manage the anticoagulation clinics in the tertiary hospi-
tals will also join their multidisciplinary team to help
manage patients with the aim of assuring patients’
safety.

Enrolling patients

Patients on warfarin attending the participated hospitals
will be invited to join in the study. If the patients show
interest, then the design and rationale of the study will
be explained. The research staff will identify which pa-
tients are potentially suitable candidates for the study.
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Patients on Warfarin treatment for at least 12
months recruited from paticipated hospitals

Excluded if

Enrollment

*Pregnancy or plan to get pregnant in 18 months

through questionaire

*Socio demographic parameters
«Clinic parameters

*Process indicators

*Cost on Warfarin related treatment

Baseline data collection of eligible patients,

*Had experienced a bleeding complication
requiring treatment in the past 6 months
*Unable to attend a hospital in 6 hours
*Renal failure

*Dementia or unstable psychiatric conditions
*Receiving treatment for cancer

Randomized

SMART group

Education
*Warfarin knowledge
*POCT device for INR testing

Control group

Education
*Warfarin knowledge

app from healthcare providers

*Will be managed differently based on their
INR results and symtoms (safe,vigilant or
dangerous)

*XY app
*Use POCT device to test INR at least once *Usual care without intervention
per 2 to 4 weeks at home +Go to the outpatient clinics and get INR
*Get warfarin dosing guidance through XY monitoring through a venous blood test

l

*Warfarin dosage,INR,bleeding or thrombosis,
Follow up at 3rd,6th,9th and 12th months through || otherclinicial adverse events,cost on Warfarin
outpatient clinics,phone call &online for outcome related treatment,health index scale (3rd,6th,9th,
data collection 12th month)
*Warfarin knowledge (12th month)
«Compliance questionaire (12th month)
«Satisfaction questionaire (12th month)
Fig. 1 Flow chart of the study
J
After the eligible patients agree and sign the informed con-  Randomization

sents, the patients will be randomly assigned to either the
SMART model group or the control group according to the
protocol.

Baseline interview

All the participated patients will be required to
complete a survey either via an online survey through
their mobile phone or via a printed brochure. The
contents of the survey contain three parts, including
patients’ clinical parameters (warfarin indication, start
date of warfarin, warfarin dosage, previous TTR, his-
tory of thrombosis or major bleeding, concomitant
diseases and medicine), behaviour indicators (warfarin
knowledge, anticoagulant compliance, treatment be-
havior and quality of life) and costs on warfarin re-
lated treatment.

In low and medium level hospitals, only the UC group is used
as the control group, thus eligible patients on warfarin will be
randomly assigned to either the SMART model group or the
UC group. While in the high level hospitals, both AC and UC
are used as the control groups, thus eligible patients will be
randomly allocated to the SMART model group, the AC
group or the UC group. For each level of the three hospitals, a
total of 120 patients in each arm will be enrolled. The flow
chart of patients’ grouping and allocation is shown in Fig. 2.
Patients’ randomization will be carried out by research staff
using a standard protocol available in the website (http://
stattrek.com/statistics/random-number-generator.aspx).

Educating and training patients
All the enrolled patients will attend a warfarin education
session by the research team after they sign the informed
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Table 1 Training courses for health care providers from participated hospitals
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Training courses

Details

Warfarin management

1.Theoretical knowledge

@ Basic knowledge of warfarin

@ The standard protocol of warfarin management with patient self-testing
® Warfarin monitoring and dosing at different situations
@ Adverse events treatment, including thrombosis, minor bleeding and major bleeding

® Introduction of new oral anticoagulants
® Laboratory tests interpretation

@ Patient education on warfarin, including medication adherence, drug/food interactions, diet, exercise and mental

health
2. Practice in simulate patients

3. Tests to assess participant’s theoretical knowledge and practice skills

1.Theoretical knowledge
@ Atrial fibrillation
@ Valvular heart disease

Related-disease
management

® Deep venous thrombosis and pulmonary embolism

@ Stroke
® coronary heart disease
2. Practice in simulate patients

3. Tests to assess participant’s theoretical knowledge and practice skills

SMART Model 1.Theoretical knowledge
@ Usage of the POCT device

@ Usage of the "XY" app

® Stratified management based on patient risks
@ Communication skills with patients via the “XY" app
® Communication between local hospitals and tertiary hospitals

® Patients’ referral
2.Practice in simulate patients

3. Tests to assess participant’s theoretical knowledge and practice skills

contents. The educational courses will include the mech-
anism of action of warfarin, blood tests of INR and tar-
get ranges, follow-up frequencies, potential signs and
symptoms of  over-coagulation @ and  under-
anticoagulation, drug/food interactions with warfarin,
lifestyle, missed doses, over doses, adverse events treat-
ment, etc. All the above-mentioned knowledge will be
printed out and given to patients for home study. For
patients allocated to the SMART model group, they will

further attend a training program in groups of less than
three people. They will learn how to use the POCT de-
vice, as well as report their INR results and receive in-
struction of warfarin dosage and follow-up dates
through the XY app. Later, patients are required to use
the POCT device to perform at least two reproducible
INR measurements under the research staff's supervi-
sion. These results will be compared with the laboratory
INR measurement from a venous blood sample. If there

| Three big tertiary hospitals with AC |

| Three small tertiary hospitals | |

Three county hospitals |

| Eligible patients enrolled |

| Eligible patients enrolled |

| Eligible patients enrolled |

Randomized

Randomized

Randomized

l l l

l | l

SMART group UC group AC group
(n=120) (n=120) (n=120)

(n=120)

SMART group

UC group SMART group UC group
(n=120) (n=120) (n=120)

|

l

SMART group
(n=360)

UC group
(n=360)

AC group
(n=120)

“Safe Multidisciplinary App-assisted Remote patient-self-Testing” model

Fig. 2 Flow chart of patients’ grouping and allocation in different levels of hospitals. AC: anticoagulation clinic; UC: usual care clinic; SMART: the
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are wide differences (> 0.3 INR units) between the POCT
and laboratory INR tests, patients will be excluded from
the study [13]. Patients or their guardians who fail to use
the XY app to report data will also be excluded from the
study.

Intervention protocol

As a general rule, patients in the SMART group are re-
quired to measure their INR once every two to 4 weeks
by using the POCT device at home. However, if their
INR is lower or higher than the target range, and the pa-
tient is advised to adjust the warfarin dosage, the patient
will be required to do the POCT INR test again in a few
days. Table 2 shows the stratified warfarin management
method for patients in the SMART group. If a patient
reports a therapeutic or only slightly out-of-range INR
with no other issues, they will be labeled “safe” and re-
ceive instant feedback from the system regarding their
warfarin dose and the next testing dates. A patient
whose INR is higher than the target range but less than
4.5 without bleeding, or INR is less than the target range
without thrombosis is labeled “vigilant”. He/she will be
called by a health-care professional for detailed inquiry
and will be advised to adjust warfarin dose or go to hos-
pital. Any patient whose INR is higher than 4.5 or re-
ports a symptom suggestive of major bleeding or
thrombosis is labeled “dangerous”, and he/she should go
to the local hospital or the tertiary hospital as soon as
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possible. This hierarchical management pattern can en-
sure the safety of the enrolled patients.

Control patients

Patients will receive the warfarin education courses the
same as the SMART model group after they sign the in-
formed contents as mentioned above. However, we will
not intervene the warfarin manage mode in the control
groups.

Follow-up visits and data collection

Each of the enrolled patients has to record his/her war-
farin related information in a printed monitoring hand-
book, including INR results, warfarin dosage, other
medicine, diet change, new disease, and thrombosis or
bleeding events (if occurs). All the patients are required
to receive follow-ups at the 3rd, 6th, 9th and 12th
month through outpatient clinic visits, telephone or on-
line interviews. At each follow-up time-point, the re-
search stuff will collect the warfarin related information.
Double data entry will be carried out to ensure data ac-
curacy and data will be kept in encrypted mobile hard
disks to protect patients’ privacy. Only the correspond-
ing author has access to the final trial dataset. As shown
in Table 3, patients are required to provide the informa-
tion of warfarin dosage and INR results, the numbers of
going to the outpatient clinics or inpatient treatment
due to warfarin, quality of life as measured by the health

Table 2 Stratified warfarin management method in the SMART group

Label Definition Management
Safe Patients have to meet all the conditions Health care providers will send a message like “please continue the current dosage of
below: warfarin and check your INR on a schedualed date” through the “XY" app .
1. INR is in the target range
2. Patients do not have bleeding, thrombosis
or other symptoms
3. Patients do not require to take a new
medicine recently
4. Patients are not diagnosed with a new
disease recently
Vigilant Patients have to meet one of the conditions  Health care providers will call the patient in 8 h and give instructions with both oral

below:

1.INR is 21.5 but lower than the target INR
range

2. INR is higher than target range but <4.5

3. Patients have minor bleeding

4. Patients require to take a new medicine
recently

5. Patients are diagnosed with a new disease
recently

6. Patients have other minor symptoms, such
as dizzy, weak, foot edema

Dangerous Patients have to meet one of the conditions
below:
1.INRis < 1.5 or>4.5
2. Patients have major bleeding
3. Patients have thrombosis
4. Patients have other severe symptoms, such
as dyspnea, severe headache

guidance and app message. If necessary, some patients are advised to go to hospital for
further treatment.

The health care providers will call the patients immediately. Patients will be advised to
go to the local hospital or tertiary hospital for further treatment based on their risks.
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Table 3 Measurement domains, survey methods and collection time-points

Variable Component Measurement methods Baseline 3rd 6th 9th 12th
M M M M
Socio- Gender, age, telephone, address, education, occupation  Face-to-face interview N
demographic and annual income
parameters
Clinical Height, weight, warfarin indication, start date of Face-to-face interview N
parameters warfarin, warfarin dosage, TTR calculated by INR tests in Face-to-face interview. telenh NN J
the preceding 12 months, history of thrombosis or aclg 0 ?ce Interview, telephone or
major bleeding, concomitant diseases and medicine online interview
Warfarin dosage, INR, bleeding or thrombosis, other
clinical adverse events
Behaviour Anticoagulant compliance, warfarin knowledge, Morisky Anticoagulant Compliance N N
parameters Questionnaire [14], Oral
Anticoagulation Knowledge (OAK) Test
[15]
Treatment behavior, quality of life Self-made questionnaire, N v o
EQ-5D-3L Form [16]
Anticoagulation satisfaction Duke Anticoagulation Satisfaction Scale N
[17]
Economic Direct costs (INR test fees, outpatient clinic visit fees, Face-to-face interview, telephone or V v o N
parameters hospitalization or emergency room visit fees if occurs),  online interview

Indirect costs (deducted income due to absence of
working, traffic and accommodation fees)

index scale (EQ-5D-3L) [16], and the related treatment
costs. At baseline and the last time visit, patients are re-
quired to fill in the Morisky anticoagulant compliance
questionnaire [14] and the oral anticoagulation know-
ledge test [15]. An anticoagulation satisfaction survey by
using the Duke Anticoagulation Satisfaction Scale [17]
will be conducted to all the patients at the end of the
study. The research staff will send text messages to re-
mind the patients for follow-ups and all the participated
patients will receive certain amount of compensation
fees to sustain their involvement in the study.

Outcomes

Primary outcome measure

The difference in TTR between the SMART model
group and the control group during the 12 month period
of study.

secondary outcome measures

1. The numbers of INR results indicating excessive
under-coagulation or over-anticoagulation (INR <
1.5 or INR > 5.0).

2. Serious adverse clinical events (clinical relevant
non-major bleeding, major bleeding, thrombosis or
death)

3. Patients’ quality of life.

4. Costs on warfarin management.

Data monitoring
As the corresponding author is the principle investigator
and the Xiangya Second Hospital of Central South

University is the coordinating center of the study, the
Clinical Research Ethics Committee of Xiangya Second
Hospital of Central South University has reviewed and
approved this study protocol (Protocol version: XY2-
POCTO01). The committee monitors all human research
conducted by stuff in the Xiangya Second Hospital,
which is independent from the sponsor and competing
interests. The three participated county hospitals do not
have clinical research ethics committee, so they accept
the ethical approval from Xiangya Second Hospital of
Central South University. For the other five participated
tertiary hospitals, their clinical research ethics committee
will approve the study independently. We will seek ap-
proval from the clinical research ethics committee of the
participated hospital for any important procedure modi-
fications and inform patients according to their guide-
lines. We have registered the study in Chinese Clinical
Trial Registry (No.ChiCTR2000038984). The research
staff will report adverse events and other unintended ef-
fects of the trial intervention to the Ethics Committee
and manage these events according to their guidelines.

Data analyses

We will report continuous variables as means + SD and
categorical variables as proportions. Data will be checked
for normal distribution by means of the Kolmogorov—
Smirnov’s test. In compliance with the distribution of
data, Student’s t-test or Mann—Whitney’s U-test will be
used for comparisons between the SMART model group
and control group. Chi-square or Fisher’s exact tests will
be used to compare between the SMART model group
and control group with respect to categorical data. The
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control of anticoagulation will be assessed by evaluating
TTR with the Rosendaal method [18] in each arm. The
follow-up assessment data will be analyzed using Gener-
alized Linear Mixed Model and survival analysis. P <
0.05 is considered statistically significant. All tests are
two tailed. From the perspective of health-care payer, we
will conduct a cost-effectiveness analysis to assess the
economic impact of the SMART model for warfarin
home management. A Markov model, a half-cycle cor-
rection and a discount of 5% will be constructed or used
to estimate the total costs and quality-adjusted life-years
(QALYs) over the 2-year period (the outcomes beyond
the observation period will be predicted according to the
results obtained in the study). We will collect the direct
and indirect costs of each enrolled patient on warfarin,
evaluate their quality of life through EQ-5D-3L utility
value from data provided by patients, calculate QALYs,
and analyze the effects of multiple variables by the Lin-
ear Mixed Effects Model. The direct costs include la-
boratory INR test fees in the control groups (or POCT
fees in the SMART model group), outpatient clinic visit
fees (or supervision fees in the SMART model group),
hospitalization fees and emergency room visit fees. The
indirect costs include deducted income due to absence
of working, traffic fees and accommodation fees. Because
warfarin is very cheap, the medication fee of warfarin is
not calculated in each group. The incremental cost ef-
fectiveness ratio (ICER) will be calculated according to
the total costs and QALYs, and one-way and probabilis-
tic analyses will be performed to verify the stability of
the model.

Sample size determination

In order to detect a hypothetical TTR difference of 5%
between the SMART model group and the control
group with a power of 80% and a significance of P=
0.05, a sample size of 31 patients in each group is re-
quired [19]. An additional 10% is added to allow for pa-
tients dropping out of the study, thus a sample size of at
least 34 patients in each arm is needed.

Dissemination

The research results will be disseminated through publi-
cations in peer-reviewed journals, academic conferences
seminars and workshops. Articles and videos related to
warfarin management made in plain words will be
shared to public in website for free.

Discussion

In a recent review, scientists believe SARS-CoV-2, the
virus caused the Coronavirus Disease 2019 (COVID-19)
pandemic, will continue to evolve and evade human im-
munity. They have predicted three scenarios, and the
most likely scenario is that the COVID-19 pandemic will
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develop to an epidemic seasonal disease like influenza
[20], which will influence human health for a long time.
During the pandemic, many patients have delayed or
avoided hospital visits due to fear of getting infected.
This phenomenon is particularly obvious among the eld-
erly patients or patients living in rural areas. Complying
with the social distancing regulations, many countries
are encouraging hospitals to conduct telehealth visits
and other interactions with patients. As a result, the use
of telehealth has been significantly increased in many
countries, including China. Therefore, we believe
COVID-19 will last for a long time and the telehealth
will be widely accepted and applied in the healthcare
system across the world.

While not new, warfarin home management via tele-
health and a POCT device for INR measurement has re-
ceived widespread acclaim in developed countries. There
are mainly two patterns of warfarin home management.
One pattern is patient self-testing, of which patients per-
form INR tests followed by the adjustment of warfarin
dosage guided by a healthcare provider. The other pat-
tern is patient self-management, of which patients per-
form INR tests and adjust warfarin dosage by
themselves. Patients’ frequent home monitoring enables
the abnormal INR values to be identified in time, attrib-
uting to lower risks of adverse events. A meta-analysis
showed 50% reduction in the incidence of thrombo-
embolic events in the warfarin home management group
compared with the usual care group [10]. Warfarin
home management has been proved as safe as traditional
care in terms of major bleeding events [21]. The patients
who received home management showed improved sat-
isfaction and better quality of life compared to the usual
care group [22]. Furthermore, warfarin home manage-
ment is cost-effective [23]. As a result, coverage under
Medicare was approved in 2002 for the indication of
mechanical heart valves and in 2008 for other diseases
including atrial fibrillation in the United States.

Nevertheless, the implementation of warfarin home
management faces obstacles in developing countries, in-
cluding legal and regulatory issues, patients lacking dir-
ect and timely access to professional recommendations
from health care providers, lack of access to telehealth
technology, and limited or no coverage of the POCT de-
vice from the government. The current proposed study
will take several measurements (the SMART model) to
ensure its implementation in China, including using a
mobile phone app to assist caregivers managing warfarin
more efficiently, establishing medical alliance and multi-
disciplinary teams to manage patients together to solve
the problem of maldistribution of medical care, and
using a hierarchical strategy to manage patients to assure
their safety. As far as we know, this proposed study will
be the biggest multi-center randomized controlled trial
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to investigate the safety, effectiveness and cost-
effectiveness of warfarin home management in China. If
our final data demonstrate the SMART model for war-
farin home management is cost-effective, this pattern
may be applied in more provinces and be expanded to
other chronic diseases management.

In the proposed study, we will include hospitals with
different qualities of medical service. On the one hand,
as the current medical service level in the county hospi-
tals is low, we expect that the differences in TTR, num-
bers of under-coagulation or over-anticoagulation, and
serious adverse clinical events between the SMART
model group and the control group may be significantly
bigger than the other two levels of hospitals. On the
other hand, patients’ quality of life and costs on warfarin
management may be improved the most obviously in
the big tertiary hospitals, as patients do not have to
travel long way to the hospitals.

The biggest limitation of our proposed study is that
the nature of the intervention method (the SMART
model) excludes patients who are unable to use a POCT
device correctly, or fail to report their INR results
through a mobile phone based app.

In summary, we have developed a novel model (the
SMART model) to investigate the safety, effectiveness
and cost-effectiveness of warfarin home management in
different areas of Hunan province in China. This model
may be particularly useful to manage patients on war-
farin during and after the COVID-19 pandemic.

Trial status
Recruitment has begun in March 2021.
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