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Abstract

Background: An increasing number of patients have received prophylactic or therapeutic oral anticoagulants (OACs) for
thromboembolic complications of diseases. The use of OACs is associated with both clinical benefits and risks. Considering the
challenges imposed by this class of drugs, as well as the enormous progress made in portable device technology, it is possible
that technol ogy-based interventions may improve clinical benefits for patients and optimize anticoagul ation management.
Objective: Thisstudy was designed to comprehensively eval uate the role of technol ogy-based interventions in the management
of OACs.

Methods: We searched 6 databases—PubMed, EMBASE, Cochrane, Cumulative Index to Nursing and Allied Health Literature,
Scopus, and Psycl NFO—to retrieve rel evant studies published as of November 1, 2019, to eval uate the effect of technol ogy-based
interventions on oral anticoagulation management. RevMan (version 5.3; Cochrane) software was used to evaluate and analyze
clinical outcomes. The methodological quality of studies was assessed by the Cochrane risk of bias tool.

Results: A total of 15 randomized controlled trials (RCTs) were selected for analysis. They reported data for 2218 patients
(1110 patients in the intervention groups and 1108 patients in the control groups). A meta-analysis was performed on the
effectiveness and safety data reported in the RCTs. Technology-based interventions significantly improved the effectiveness of
oral anticoagulation management (mean difference [MD]=6.07; 95% Cl 0.84-11.30; 1°=72%; P=.02). The safety of oral
anti coagul ation management was also improved, but the results were not statistically significant. Bleeding events were reduced
(major bleeding events MD=1.02; 95% CI 0.78-1.32; 1°=0%; P=.90; minor bleeding events MD=1.06, 95% CI 0.77-1.44; 1°=41%:
P=.73) and thromboembolism events were reduced (MD=0.71; 95% CI 0.49-1.01; 1>=0%; P=.06). In general, patients were more
sati sfied with technol ogy-based interventions, which could also improve their knowledge of anticoagul ation management, improve
their quality of life, and reduce mortality and hospitalization events.

Conclusions: Using technology to manage OACs can improve the effectiveness and saf ety of oral anticoagulation management,
result in higher patient satisfaction, and allow greater understanding of anticoagulation.

(J Med I nternet Res 2020;22(7):18386) doi: 10.2196/18386
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Introduction

Oral Anticoagulation M anagement

Ora anticoagulants (OACs) have been used for decades,
especially warfarin, which has been in use since the 1950s. Until
recently warfarin has been a fundamental drug in clinical
anticoagulant therapy, and although the results of two previously
published meta-analyses of atria fibrillation suggested that
novel OACs are not inferior to warfarin in terms of safety and
efficacy [1,2], warfarin has the advantage of being inexpensive
and having awide range of indications. Warfariniswidely used
in conditions that are prone to thrombosis, such as atrial
fibrillation, irregular heartbeat, myocardial infraction, artificial
heart valve replacement, recurrent stroke, deep vein thrombosis,
and pulmonary embolism [3]. However, it remains challenging
to balance effectiveness and safety in treatment [4]. Statistical
data from relevant literature estimated that over 6 million
patientsin the United States have received anticoagul ant therapy
[5], leading to increased risks of bleeding, thromboembolism,
hospitalization, and mortality. Currently, rough statisticsindicate
that about 1 in 10 surgical patientsin the United States receive
OACs [6], and approximately 2 million people start warfarin
therapy in the United States every year [7]. Therefore, effective
anti coagul ation management measures are urgently needed.

Technology-Based I nterventionsfor Oral
Anticoagulation M anagement

With the conti nuous devel opment of telemedicine health service
technology, more and more technological devices have been
applied to help in the management of patients with chronic
diseases, including those with diabetes, hypertension, heart
failure, and others [8]. Telemedicine is defined as a
long-distance medical practice that can be characterized by
health services through a wide range of technical applications
and services [9]. It is a new way of providing high-quality
resources to primary medical institutions through remote
consultation on the basis of internet convenience. Through this
approach, medical services and medical activities are mainly
carried out through computers, vari ous remote communications,
medical technology, and medical equipment. These remote
forms of communication enable contact between patients and
medical personnel, medical institutions, and medical equipment.
This process, in turn, can assist in diagnoses, treatment,
monitoring, and follow-up [10]. As a result, telemedicine has
become an increasingly popular model for providing accurate
international normalized ratio (INR) monitoring for patients
taking warfarin. Other terms used to describe telemedicine
include connected health [11], mobile health (mHealth) [12],
and electronic health (eHealth) [13], which are collectively
called technol ogy-based interventions [14]. Thereisinterestin
learning whether these interventions can assist medication
management and enhance patient compliance, with results
suggesting some benefit [15].

https://www.jmir.org/2020/7/€18386

Aim of the Study

Telemedicine technology has the potential to enhance multiple
aspects of anticoagulant therapy management [16], including
patient education, symptom monitoring, follow-up, and
encouragement and tracking of medication adherence, givenits
accessibility by telephone, internet, voicemail messaging, and
apps. However, no systematic review or meta-analysis has been
published to summarize what is currently known on this topic.
Thus, we aimed to evaluate the effectiveness and safety of
technology-based interventions in OAC management by
performing a meta-analysis.

Methods

Literature Search

Eligible studies were identified by searching PubMed,
EMBASE, Cochrane, Cumulative Index to Nursing and Allied
Health Literature, PsycINFO, Scopus, and other relevant
databases, and the results were combined using literature
traceability methods. Searches were conducted on November
1, 2019. Search keywords included warfarin therapy+, oral
anticoagulation management+, telephone, eHealth, apps, and
telemedicine+. Search strategies are detailed in Multimedia
Appendix 1. Only papers written in English were considered.
No restriction regarding publication date was applied.

Inclusion and Exclusion Criteria

Inclusion Criteria

The studies included in the analysis met the following criteria:
(2) the study was a randomized controlled trial (RCT); (2) the
subjects were taking warfarin; (3) technology-based
interventions were used to manage OACs; (4) results included
the time in therapeutic range (TTR), bleeding, and
thromboembolism events; and (5) the results were reported in
English.

Exclusion Criteria

Exclusion criteriaincluded: (1) studies that were retrospective,
observational, reviews, model research, literature reviews, or
conference summaries; (2) the results of the study did not
involve the TTR, bleeding, and thromboembolism events; (3)
the study was a duplicate report; and (4) technical intervention
was only used as a means to collect data.

Document Screening and Data Extraction

All referenceswere initially screened by title and abstract by 2
reviewersfor relevance. Finaly, full-text analysisfor eligibility
was performed independently by 2 authors, HD and CL.
Disagreements were discussed and resolved by consensus or
third-party arbitration.

The required data were extracted by a researcher using a
literature data extraction table, and another researcher confirmed
the accuracy and authenticity of the data. The extracted content
included (1) basic information of study, such as research topic,
author, and date; (2) baseline characteristics of the study
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subjects, such as sample size, median age, and sex; (3) follow-up
time for interventions; (4) efficacy and safety information after
interventions, such as TTR, bleeding, and thromboembolism
events; and (5) other outcomeindicators, including time within
expanded target INR range, mortality, and hospitalization events.

Literature Quality Evaluation

Risk of bias assessment of the included RCTs was performed
using the Cochrane risk of bias tool based on the Cochrane
Handbook for Systematic Reviews of Interventions' literature
evaluation criteria[17].

Statistical Analysis

The meta-analysis of RCTs was performed using RevMan
(version 5.3; Cochrane) software. Heterogeneity was assessed
using achi-sguaretest, and quantitative analysiswas performed

using 12. Values of P>.05 and 1°<50% were considered to

Figurel. Flow chart of the systematic literature review process. CINAHL :

Dai et al

represent no heterogeneity, in which case a fixed-effect model

was used. If P<.05 and 12>50%, a random-effects model was
used [18].

Results

Search Results

A total of 6784 papers were retrieved from the systematic
literature search, and 9 papers were retrieved by other means,
totaling 6793 papers. After removing duplicate studies, 2 authors
independently reviewed and excluded another 5652 studiesthat
did not meet predetermined selection criteria, based on thetitle
and abstract of each paper. After reading 33 eligible full-text
studies, 18 were excluded and 15 were selected for inclusionin
theanalysis[12,19-31]. The systematic search resultsare shown
inFigure 1.

Cumulative Index to Nursing and Allied Health Literature.
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Basic Characteristics and Quality Evaluation of the
Literature

The 15 RCTs included a total of 2218 patients: 1110 patients
in the technology-based intervention group and 1108 patients
inthetraditional intervention group. General information (such

https://www.jmir.org/2020/7/€18386
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as sample size, median age, sex, and specific intervention
measures) from the studies is shown in Table 1. The Cochrane
systematic evaluation method was used for quality evaluation,
and overall, the included studies had low risk of bias and were
high quality, as shown in Figure 2.
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Table 1. Baseline characteristics of the included studies.

Study Primary indication na  Ageinyears, Men,n (%) Follow-updura- Intervention Description of technology-
for therapy (n) mean (SD) tion, months based interventions

Beyth 2000 [19] VTEP (124) 325 74.7(6.75) 141(4338) 6 telephone Recommendations for dose

f .
AF° (54) and subsequent INR' testing

Cerebrovascular
disease (49)
HVRY (36)
Others (41)

PVDE (14)
Myocardial infarc-
tion (7)

Sidhu 2001 [20] HVR (83) 83 60.9 (—) 46 (55.42) 24 telephone Medical adviceif patient's
INR was too high (>4.0) or
too low (< 1.5)

Medical advicefor any bleed-
ing or thromboembolic events

Fitzmaurice 2002 — 49 66 (—) 37 (75.51) 6 software Medica adviceto overridethe
[21] dosing algorithm

Khan 2004 [22] AF (79) 79 74 (—) 45 (56.96) 6 telephone Recommendations for dose

Staresinic 2006 [23] AF (79) 192 69.3(9.1) 187 (97.40) 36 interim tele- Telephone follow-up
VTE (23) phone

Cerebrovascular
accident (19)

Coronary artery
disease (12)
PVRY (36)
Others (23)

Chan 2006 [24] AF (72) 137 59 (14) 62 (45.26) 24 telephone Consultation for difficult INR
HVR (24) control or adherence issues

DVT (17)
PE" (9)
Cerebrovascular
accident (4)
Valvular heart dis-
eases (5)
Cardiomyopathy
@
Miscellaneous (4)
Lalonde 2008 [25] AF (149) 250 65.45(11.75) 128(51.20) 6 telephone Contact with pharmacist
DVT' (68)
PE (26)
Stroke (11)
Cardiomyopathy
)
Myocardial infarc-
tion (8)
Others (12)
Soliman 2008 [26]  Elective mechani- 58 56 (8.95) — 12 internet Verify the anticoagulant dose

cal aortic valve re- on the website

placement (—) Passthe anticoagul ant dosage

exam on the website
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Study Primary indication na  Ageinyears, Men,n(%) Follow-updura- Intervention Description of technology-
for therapy (n) mean (SD) tion, months based interventions
Schillig 2011 [27]  VTE (100) 500 66.05(15.25) 276(55.20) 1 telephone Contact responsible physician
AF (302) and anticoagulation clinic that
rovided dosing regimen
Others (98) prov greg
Verret 2012 [28] AFor flutter (58) 114 57.7(10.5) 78 (68.42) 4 voicemail mes-  Communicate
PVR (—) sage Provide INR results and per-
form necessary adjustments
Bungard 2012[29] AF (49) 62 73 (—) 38 (61.29) 6 telephone Discuss any potential factors
VTE (8) that may influence the INR
It
Others (5) et
Warfarin dosing instructions
Schedule afollow-up phone
call
Lakshmi 2013[30] Mitral valvere- 80 55.97 (12.85) 52 (60.00) 6 telephonic con-  Call the clinical pharmacist
placement (16) tact for clarification on any antico-
AF (45) agulation-related issues
DVT (2)
PE(2)
Valvotomy (1)
Bioprosthetic valve
2
Other cardiac risk
(12)
Brasen 2018 [13] AF (56) 87 69.4 (—) 69 (79.30) 10 telemedicine Physician could inform pa-
DVT/PE (14) software tient of result, new dosage,
Valvular heart di and date for next INR mea-
vular heart dis- surement
ease (2)
Various diagnoses
(cardiomyopathy,
aneurism, throm-
bophilia, and
stroke) (15)
Ayutthaya2018[31] Valvular heart diss 50 57.65 (10.95) 30 (60.00) 3 telephone Pharmacistsperform medicine

ease (14)
Mechanical pros-

use review by asking patients
about problems/obstacleswith
managing warfarin, including

thetic valves (3

& adverse events and complica-
AF (31) tions
DVT (14) Assess medication adherence
PE (1) Provideremindersfor the next

scheduled visits
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Study Primary indication na  Ageinyears, Men,n(%) Follow-updura- Intervention Description of technology-
for therapy (n) mean (SD) tion, months based interventions

Liang 2019 [32] Non-valvular AF 152  61.3(15.4) 85 (55.92) 6 telephone Pharmacists mainly assessed
(80) and reinforced adherence to
Valvular AF (8) warfarin and INR monitoring
DVT (30) Education and recommenda-

tions according to partici-

PE(12) pants’ recent INR assessment,
Others (13) self-reported medication or
Multiple indica- dietary changes, and anticoag-
tions (9) ulation-related complications

8N: total number of participants in the study.
bV TE: venous thromboembolism.

CAF: atrial fibrillation.

9HVR: heart valve replacement.

®PVD: peripheral vascular disease.

fINR: international normalized ratio.

9PVR: prosthetic valve replacement.

hpE: pulmonary embolism.

DVT: deep vein thrombosis.

Figure 2. Biasrisk map from the Cochrane systematic evaluation method to evaluate the quality of the included randomized controlled trials.

Fandom sequence generation (selection hias)
Allocation concealment (selection hias)
Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting hias)

Other bias
0% 25% 50% 7E%  100%
.Luw tisk of bias DUncIearrisk of bias .High risk of bias
Meta-Analvs meta-analysis of these 9 RCTs. Asshownin Figure 3, the TTR
aANAYSIS of the technology-based intervention group was significantly
Time Within Target INR Range higher than that of the control group (mean difference

Of the 15 included studies, 9 included TTR values, for atotd  [MD]=6.07; 95% Cl 0.84-11.30; 1=72%; P=.02).

of 1043 patients. A random-effects analysis was used for the
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Figure 3. Results of ameta-analysis of the effects of technology-based interventions on time within target international normalized ratio rangein ora
anticoagul ation management. 1V: independent variable. Random: random effect model.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Ayuttaya, 2018 498 343 25 28 27h 25 59% 21.80[4.57,39.03] 4
Brasen, 2018 827 12 44 B1B6 158 43 13.7% 110481, 7.01] T
Bungard, 2012 735 1494 32 TBES9 245 a0 9.6% -3.40[14.38, 7.59] —
Khan, 2004 1.1 145 40 /3.2 2549 39 109%  T.B0[1.39,17.19) T
Lalonde, 2008 FP3 202 128 TBTF 236 121 141% 060 [-4.87, 6.07] I
Liang, 20149 358 307 77 295 306 75 105%  B.40[3.35 16.19] -1
Soliman, 2008 729 1 29 539 14 29 13.2% 19.00[1252 2548 e
Staresinic, 2006 a7.8 391 98 &A5.1 3841 a4 95%  270[8.36,13.76] -
Yaerret, 2012 B0 135 58 T8 247 A6 12.5%  4.50[2.84 11.849] -
Total (95% CI) 531 512 100.0%  6.07 [0.84, 11.30] et
Heterogeneity, Tau®= 42.85; Chi*= 28.45, df= 8 (P = 0.0004); F= 72% 20 -1=n 1 1:0 2=u

Testfor overall effect £2=2.28(P=002

Bleeding Events

Of the 15 included studies, 14 included major bleeding values,
for atotal of 2139 patients. A random-effects model was used
for the meta-analysis of these 14 RCTs. There werefewer major
bleeding eventsin the technol ogy-based intervention group than
in the control group, but the difference was not statistically

significant. (MD=1.02; 95% Cl 0.78-1.32; 1>=0%; P=.90). There

Favours [control] Favours [experimental]

were 5 papers that included minor bleeding values, for atotal
of 519 patients. A random-effects analysis model was used for
the meta-analysis of these 5 RCTs. There were fewer minor
bleeding eventsin the technol ogy-based intervention group than
in the control group, but the difference was not statistically
significant (MD=1.06; 95% CI 0.77-1.44; 1°=41%; P=.73).
Major and minor bleeding event analyses are shown in Figure
4,

Figure4. Resultsof ameta-analysisof the effects of technol ogy-based interventions on major bleeding and minor bleeding eventsin oral anticoagulation
management. M-H: Mantel-Haenszel method. Random: random effect model.

Experimental Control

Study or Subgroup  Bvents

Risk Ratio
Total Bwvents Total Weight M-H, Random, 95% CI

Risk Ratio
M-H. Random. 95% CI

1.1.1 Major bleeding

2000019, 20.67]

0.47[0.21,1.09]

Mot estimatle
094014, 6.24]
0.51[0.04, 5.47]
0.38[0.02, 8.78]
1.001[0.21, 4.66]

Ayuttaya, 2018 2 25 1 25 0.5%
Beyth, 2000 a8 163 17 162 3.9%
Brasen, 2018 ] 44 ] 43
Bungard, 2012 2 32 2 30 0.7%
Chan, 2006 1 68 2 2] 0.5%
Fizmaurice, 2002 0 23 1 26 0.3%
Lakshmi, 2013 3 40 3 40 1.1%
Lalonde, 2008 2 128 1 122 0.5%
Liang, 2019 ] 77 ] Ta

Schillig, 2011 2 250 1 240 0.5%
Sicdhu, 2001 1 35 ] 43 0.3%
Soliman, 2008 1 29 1 29 0.4%
Staresinic, 2006 48 98 42 94  28.4%
Werret, 2012 2 58 1 A6 0.5%
Subtotal (95% CI) 1070 1069 37.3%
Total events T2 T2

Heterogeneity: Tau*=0.00; Chi*=6.48, df=11 (P=084); F=0%
Testfor overall effect: Z= 012 (F=0.90)

1.1.2 Minor bleeding

Ayuttaya, 2013 3
Lakshrmi, 2013 21
Sicdhu, 2001 1
Staresinic, 2006 kil
Werret, 2012 24
Subtotal (95% CI)

Total events 104

25
40
35
93
58
256

4
27

i]
33
22

N

24
40
44
94
Ll
263

1.3%
19.5%
0.3%
28.6%
13.0%
62.7%

Heterogeneity: Tau*=0.05; Chi*=6.79, df=4 (P=0148); F=41%
Testfor overall effect: Z= 034 (F=0.73)

Total (95% CI)

Total events 176

1326

163

1332

100.0%

Heterageneity: Tau®= 0.00; Chi®=13.27, df=16 (P =0.69), F= 0%
Test far overall effect Z=0.70 (P = 0.49)
Test for subaroup differences: Chif=0.03. df=1 (F=0.86). F=0%
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1.91[018, 20.758]
Mot estimatile
2000018, 21.92]
4.08[017,97.37]
1.00[0.07,15.24]
1.10[0.81, 1.48]
1.93[018, 20.70]
1.02 [0.78, 1.32]

0.75[0.19, 3.01]

*

0.78[0.54,1.17] —=
408[0.17,97.37]
1.391.03, 1.88] -
1.05 [0.67, 1.65] ——
1.06 [0.77, 1.44] . 2
1.06 [0.90, 1.24] L 4
0.01 0.1 1 10 100

Favours [experimental] Favours [contral]
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Thromboembolism Events

Of the 15 included papers, 11 had thromboembolism values,
for atotal of 1959 patients. A random-effects model was used
for the meta-analysis of these 11 RCTs. Asshown in Figure 5,

Dai et al

there were fewer thromboembolism events in the
technology-based intervention group than in the control group,
but the difference was not statistically significant (MD=0.71,

95% Cl 0.49-1.01; 1°=0%; P=.06).

Figure5. Results of ameta-analysis of the effects of technology-based interventions on thromboembolism eventsin oral anticoagul ation management.

M-H: Mantel-Haenszel method. Random: random effect model.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Bvents  Total Bvents Total Weight M-H, Random. 95% CI M-H. Random. 95% CI
Ayuttaya, 2018 3 25 4 25 8.1% 0.80([0.14,1.78] I
Beyth, 2000 14 163 21 162 31.9% 0.66 [0.35, 1.26] — &
Brasen, 2018 5 44 g 43 12.9% 0.54 [0.20, 1.49] -
Bungard, 2012 1 32 1 30 1.8% 0.94 [0.06, 14.33]
Chan, 2006 1 68 1 2] 1.7% 1.01 [0.0B, 15.50]
Lalonde, 2008 1 128 1 129 1.7% 1.01 [0.0B, 15.54]
Liang, 2019 5 T 7 T 10.8% 0.70[0.23, 2.10] N
Schillig, 2011 0 250 0 250 Mot estimable
Sicdhu, 2001 ] 35 10 43 21.1% 1.23[0.56, 2.71] I
Staresinic, 2006 4 98 ] 94 10.0% 0.43[0.14,1.24] -
Werret, 2012 i] a8 i] i3] Mot estimahle
Total (95% CI) 978 981 100.0% 0.71[0.49, 1.01] &
Total events 43 |34]
Heterngeneity, Tau?= 0.00; Chi*= 3.45, df= 8 (P = 0.90); F= 0% ID o 051 7 150 le

Testfor overall effect: £=1.88 (F = 0.06)

Sensitivity Analysis Results

The datawere analyzed with fixed- and random-effects models,
and the consistency of these resultsreflectsthereliability of the
combined results to some extent. The two effect models were
used to analyze the combined effect of each risk factor and
calculate 95% Cls. The resultswere similar, indicating that the
results of this study are stable.

Other Results

The time within expanded target INR range of the
technology-based intervention group was higher than that of
the control group, but the difference was not statistically
significant (MD=2.13; 95% CI —1.22 to 5.49; 1°=35%; P=.21;
Figure 6). There were fewer mortalities and hospitalization
events in the technology-based intervention group than in the
control group, but the difference was not statistically significant

Favours [experimental] Favours [control]

(mortality MD=0.61; 95% CI 0.26 to 1.41; 1°=0%; P=.25;
hospitalization MD=1.02; 95% Cl 0.85to 1.23; 1°=23%; P=.84;
Figure 7). There were 3 papers [28,30,32] that mentioned that
patients knowledge of anticoagulation was significantly
improved through telemedicine intervention. There were 4
studies[22,25,26,28] that involved quality-of-life assessments;
quality of life was higher in the intervention group than in the
control group and it improved from baseline. There were 2
papers[21,25] that mentioned the higher costs in the technical
intervention group than in the control group, and 1 paper [24]
found that the costs for the nontechnical intervention group
were higher. Peatient satisfaction surveys were conducted in 5
studies [24,25,28-30], al of which indicated that the technical
intervention group had higher satisfaction. There were 4 papers
[25,26,28,32] that included dataon INR tests, and the technical
intervention group tended to have larger numbers of INR tests
performed.

Figure 6. Results of a meta-analysis of the effects of technology-based interventions on time within extended target international normalized ratio
range events in oral anticoagulation management. 1V: independent variable. Random: random effect model.

Experimental Control

Mean Difference

Mean Difference

Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Figure 7. Results of a meta-analysis of the effects of technology-based interventions on mortality and hospitalization events in oral anticoagulation
management. M-H: Mantel-Haenszel method. Random: random effect model.
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Discussion

Principal Findings

We performed ameta-analysis of 15 RCTsto determine whether
technology-based interventions were beneficial for patients
compared with traditional interventionsin oral anticoagulation
management. TTR reflects the quality and effectiveness of
warfarin and is an important determinant of bleeding and
thromboembolism in anticoagul ation management. A total of
9 studies were involved in the TTR analysis, and ailmost all
studies reported that technology-based interventions were
effective. The number of bleeding (including major and minor)
events in the technology-based intervention groups was lower
than that in the control groups, but the difference was not
statistically significant. Outcomes were similar for the
thromboembolism events. Time within expanded target INR
range, mortality, and hospitalization were not significantly
different between the technol ogy-based management model and
traditional management model. However, patients
anticoagul ation knowledge, patient satisfaction, quality of life,
and number of INR tests performed were positively affected by
technol ogy-based management.

Oral anticoagulation management can be challenging when
ensuring safety of the patient; aslong aswarfarinisused, regular
monitoring is necessary [33]. The technology-based
interventions used to manage oral anticoagulation typically
include multiple methods, including telephone, internet,
voicemail messaging, and apps. Thesetoolsarereadily available
in this era of technological advancement, and they reduce
requirementsfor capacity and waiting timein outpatient clinics.
Through this process, mHeal th technol ogies have systematically

https://www.jmir.org/2020/7/€18386
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demonstrated that they can help improve early diagnosis and
treatment of atrial fibrillation and significantly reduce the cost
of illness associated with atria fibrillation [34]. One such
example of mHealth technology is SintromacWeb, a
management system of internet-based tel econtrol toolsthat has
been recognized to have better effectiveness and safety at oral
anticoagulation therapy management than a conventional
approach does [35]. Technology-based interventions can
effectively and professionaly teach patients about
anticoagulation, provideinterpretation of indicators, and provide
atimely dose adjustment program.

Comment on Results

It isworth mentioning that the mean age of the patientsincluded
in each study was over 60 years, so these patients may have had
arelatively poor grasp on learning how to use novel websites
and apps. The telephone is an ultra-portable electronic device,
and it was chosen astheintervention tool in most of the 15 RCT
studies included. Telephone intervention is especially suitable
for older patients who are not accustomed to using computers
or online services, or who may havedifficultiesin vision, finger
dexterity, and mental state.

Our overall results showed that technol ogy-based interventions
significantly improved the effectiveness of oral anticoagulation
management but did not significantly increase the safety or
other resultsof oral anticoagulation management. Theseresults
may be because of the different follow-up times, which ranged
from 1 month to 36 months. The greatest difference between
the intervention and control groups in the frequency of major
bleeding events occurred in the first week (when anticoagulation
therapy was started in the hospital) and after the first month of
therapy (when outpatient therapy was presumably stabilized).
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The 2 groups differed little during the second through fourth
weeks of therapy, when patients were generally discharged and
warfarin wasfirst monitored in the outpatient setting [19]. That
is to say, most patients might attach great importance to any
type of intervention early on and then slowly relax later.

Limitations

We acknowledge that our research has some limitations. The
included studies had relatively small sample sizes and varying
follow-up times, with some as short as 1 month. Warfarinisthe
oldest and best known OAC, and as long as warfarin is used,
monitoring is necessary. Therefore, in order to more
comprehensively assess the safety of OACs, longer follow-up
times are needed. Furthermore, patients adherence to
technology-based interventions may be lacking. It would be
ideal if intervention compliance studies were added during
follow-up. Despite these limitations, this study is the first to
comprehensively analyze the effect of technology-based
i nterventi ons on anti coagul ation management. Therefore, larger
sample sizes and longer clinical RCTs are needed to further
evaluate the impact of technology-based interventions on
anticoagul ation management.

Comparison With Prior Work

To the best of our knowledge, thisis the first meta-analysis of
RCTs that evaluates the effectiveness and safety of
technology-based interventions for oral anticoagulation
management. In published systematic meta-analyses and
reviews, most of the literature evaluating the effects of
technol ogy-based interventions hasfocused on atrial fibrillation
[34] and cancer [36]. Most studiesregarding the administration
of OACs have focused on the effects of managers on the
effectiveness and safety of anticoagulation management, such
as the differences between pharmacist management and
physician management or between patient self-management
and anticoagulation clinic management [37-41]. Theintervention
method we chose is a technology-based approach that might
have also been included in other studies, such as
pharmacist-managed or self-managed interventions [37,41].

Although the study of telemedicineis not specific to OACs and
isprimarily qualitative, previous studies have highlighted similar
challenges [42-44]. Clinical pharmaceutical care provided by
Niznik et al [43] through telemedicine (mainly by telephone)

Dai et al

in inpatient or outpatient settings was found to have an overall
positive impact on outcomes related to clinical disease
management, patient self-management, and adherence to the
management of various chronic diseases. The common ground
in the studies that had a positive impact on outcomes was the
use of continuous or regular patternsof care, including telephone
interaction and frequent monitoring and intervention [43]. Xia
et al’s[44] study was conducted to explore the effects of online
and offline management of anticoagulants on therapeutic
efficacy and adverse reactions. Considering the convenience
and economy of technology-based interventions, online
anticoagul ation management is more suitable for patients with
stable conditions and for whom transportation may be difficult,
such asthose with disabilities or who live far from the hospital .
Lee et d’s study [42] suggested that most outcomes for
telemedicine were similar to those for conventional medical
care, but the incidence of major thromboembolism events was
significantly lower in the telemedicine group. However, the
papers they included had a higher risk of bias and were of a
lower quality study design, and thelevel of evidence supporting
this conclusion was very low.

Conclusions

This meta-analysis explored the effects of technology-based
interventions on oral anticoagulation management. The results
demonstrate that the technol ogy-based intervention group had
significantly improved TTR compared with the traditional
intervention group and that there were no significant differences
between the 2 intervention models in terms of time within
expanded target INR range and the incidence of major bleeding
events, minor bleeding events, thromboembolic events,
mortality, and hospitalization. Of the different management
options, tel ephone intervention was found to be the most widely
used and most convenient means of technology-based
interventions; it enables patients to get a professiona reply
quickly and is not restricted by the patient’s ability to use the
internet. OAC management through technology-based
intervention appearsto be superior to OAC management through
traditional intervention and may provide more convenient and
higher quality anticoagulation services for patients. Further
research is needed to explore more optimal technol ogy-based
interventions in oral anticoagulation management in a wider
array of health care settings.
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