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Abstract

Background: Oral anticoagulation is the cornerstone treatment of several diseases. Its management is often challenging, and
different telemedicine strategies have been implemented to support it.

Objective: Theaim of the study isto systematically review the evidence on theimpact of tel emedicine-based oral anticoagulation
management compared to usual care on thromboembolic and bleeding events.

Methods: Randomized controlled trials were searched in 5 databases from inception to September 2021. Two independent
reviewers performed study selection and data extraction. Total thromboembolic events, mgjor bleeding, mortality, and time in
therapeutic range were assessed. Results were pooled using random effect models.

Results: Intotal, 25 randomized controlled trials were included (n=25,746 patients) and classified as moderate to high risk of
bias by the Cochrane tool. Telemedicine resulted in lower rates of thromboembolic events, though not statistically significant

(n=13 studies, relative risk [RR] 0.75, 95% Cl 0.53-1.07; 1°=42%), comparable rates of major bleeding (n=11 studies, RR 0.94,
95% Cl 0.82-1.07; 17=0%) and mortality (n=12 studies, RR 0.96, 95% CI 0.78-1.20; 1°=11%), and an improved timein therapeutic

range (n=16 studies, mean difference 3.38, 95% Cl 1.12-5.65; 1>=90%). In the subgroup of the multitasking intervention,
telemedicine resulted in an important reduction of thromboembolic events (RR 0.20, 95% CI 0.08-0.48).
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Conclusions: Telemedicine-based oral anticoagulation management resulted in similar rates of major bleeding and mortality,
atrend for fewer thromboembolic events, and better anticoagulation quality compared to standard care. Given the potential
benefits of telemedicine-based care, such as greater access to remote populations or people with ambulatory restrictions, these
findings may encourage further implementation of eHealth strategies for anticoagulation management, particularly as part of
multifaceted interventionsfor integrated care of chronic diseases. Meanwhile, researchers should devel op higher-quality evidence

focusing on hard clinical outcomes, cost-effectiveness, and quality of life.

Trial Registration:

PROSPERO International Prospective Register of Systematic Reviews CRD42020159208;

https://www.crd.york.ac.uk/prospero/display_record.php?RecordlD=159208

(J Med Internet Res 2023;25:e45922) doi: 10.2196/45922
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Introduction

Oral anticoagulation is the cornerstone treatment of severa
diseases and has been prescribed to millions worldwide. Atrial
fibrillation (AF) and venous thromboembolism (VTE) are the
most common indications, with AF prevalence estimated at 46.3
million people worldwide [1] and VTE incidence that varies
from 115 to 269 per 100,000 population depending on the
country [2].

Direct ora anticoagulants (DOACSs) have progressively replaced
vitamin K antagonists (VKASs) [3]. However, in certain
conditions, especially antiphospholipid syndrome, mechanical
heart valves, and rheumatic mitral stenosis, VKAs remain the
only drugs with established safety and efficacy [4,5].
Additionally, in low-income contexts, they are frequently the
preferred option due to the high costs of DOACs. Management
of VKA therapy involves seria testing for the international
normalized ratio (INR) value to guide dose adjustment. The
quality of oral anticoagulation therapy (OAT), often expressed
astimein therapeutic range (TTR), strongly correlateswith the
incidence of bleeding and thromboembolic events[6].

Different eHealth strategies have been implemented to support
OAT management. Studies have usually focused on the impact
of telemedicine on anticoagulation quality. Data on clinical
outcomes are scarce due to the small number of patientsenrolled
or the short length of follow-up, both of which result in low
event rates, often rendering the studies inconclusive [7-9].
Therefore, summarizing the best available evidence on the topic
is necessary, especiadly in light of the substantial rise in
telehealth use observed during the COVID-19 pandemic [10].
This study aimed to systematically review the evidence that
assesses the impact of telemedicine-based OAT management
compared to usual care on relevant outcomes.

Methods

This systematic review was conducted in accordance with the
Cochrane Handbook for Systematic Reviews of Interventions,

https://www.jmir.org/2023/1/e45922

version 6.2 [11] and reported according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement [12]. The protocol was registered on
PROSPERO (CRD42020159208).

Search Strategy

MEDLINE, Embase, Cochrane Library, and LILACS were
searched for relevant studies in September 2021 with no time
or language restrictions. Google Scholar was used as a gray
literature source, and referencelists of theincluded studieswere
hand-searched for additional studies of interest. The complete
search strategy is provided in Multimedia Appendix 1.

Outcomes

Primary outcomes included the incidence of tota
thromboembolic events (TTEs; efficacy outcome) and major
hemorrhagic events (safety outcome), as defined by each study,
measured at any time point. Secondary outcomeswere all-cause
mortality and quality of anticoagulation (for VKA studies)
measured by the TTR.

Studies Selection

Two investigators independently screened the studiesto include
individual or cluster randomized controlled trials that bore
comparisons between any telemedicineintervention and control
groups of usual care for the management of adult outpatients
on OAT for any condition.

Exclusion criteriawere asfollows: (1) trialsthat used any kind
of telemedicine strategy in the control group; (2) studies not
reported in full text; (3) in-hospital telemedicine intervention;
(4) duplicate publications or substudies of included studies. In
the latter case, we selected the publication with the largest
sample and longest follow-up.

Disagreements were resolved by discussion with a third
reviewer. Whenever necessary, we contacted corresponding
authorsto obtain datanot included in the publication using email
and Research Gate. Table 1 details the various types of
telemedicine interventions included.
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Table 1. Telemedicine categories.
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Category of telemedicine intervention Description

Computer-assisted dosing

Laboratory testing with remote adjustment

Use of computerized algorithms for VK A? dose adjustment

Conventional laboratory testing for IN R® values and dose adjustment made by remote

assistance (either by phone, fax, mobile app, or internet-based system)

Self-testing

Self-testing for INR values using point-of-care devices and dose adjustment either by

remote assistance or self-management (with remote professional support)

Multitasking application

Mobile app or internet-based CDSS" for atrial fibrillation care, including anticoagul ation

indication and management, rhythm or rate control, symptom control, and cardiovascular
risk factors management

8/KA: vitamin K antagonist.
BINR: international normalized ratio.
¢CDSS: clinical decision support system.

Data Extraction and Quality Assessment

Data extraction and risk of bias analysis were independently
performed by 2 investigators using the Cochrane risk of bias
tool for randomized trials[13] and the Cochranerisk of biasfor
cluster-randomized trials [14]. The body of evidence's overall
quality was rated using the Grading of Recommendations
Assessment, Development, and Evaluation approach [15].

Data Synthesisand Analyses

Statistical analyses were performed with ReviewManager
Software (RevMan, version 5.4.1; Cochrane) using random
effect models. Mean differences (MDs) were calculated for
continuous outcomes, and pooled relative risks (RRs) for binary
outcomes with respective 95% Cls.

Data from cluster trials were pooled after adjusting for the
intracluster effect. When adjusted datawere not provided in the
original publication or after contact with the study authors, we
adjusted it using intracluster correlation coefficient values
obtained from external studies with similar populations.

https://www.jmir.org/2023/1/e45922

Statistical heterogeneity of the treatment effect among studies

was investigated using the 1 statistic. The funnel plot, Egger's
test, and the Trim and Fill method were used to investigate
publication bias and were calculated using the Meta-essentials
worksheet [16].

Sensitivity analyses were conducted by excluding each
individual study at atime, excluding studies with a high risk of
bias, and adjusting cluster trial data using different intracluster
correlation coefficient values. Subgroup analyses were carried
out for different modalities of telemedicine intervention.

Results

Search Results and Study Selection

The electronic search identified 14,376 records. We removed
916 duplicates and screened 13,460 titles. Another 13 records
were identified by amanual search of the reference lists. After
title and abstract screening, 109 full texts were retrieved. Of
these, 84 did not meet the inclusion criteriaand were excluded;
thus, 25 papers wereincluded (Figure 1).
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. RCT: randomized controlled trial.
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Studies and Patients’ Characteristics

The 25 studies included 3 cluster randomized controlled trials
[17-19] and 22 individually randomized parallel-group trials
[7-9,20-38], totaling 25,746 patients. One study held 2
independent comparisons based on different INR target ranges,
so thesedistinct pairs of comparisons are represented as* Vadher
a’ and “Vadher b” in some analyses [22]. Table 2 describesthe
main characteristics of the included studies.

AF was the most prevalent indication for anticoagulation
(n=12,448, 55.3% of patients with known indication) followed
by VTE (n=3842, 16.0%) and valvular heart disease (n=3701,
15.7%). Most studies enrolled patients using VKAS. Patients
receiving DOAC wereincluded in 2 studies: they made up 29%
(n=329) of patientsin the Cox trial and 60% (n=1484) of patients
in the Guo trial. Only 4 studies had amean follow-up period of
more than a year.

https://www.jmir.org/2023/1/e45922

RenderX

Different types of telemedicineinterventions weretested across
the included studies. In 11 studies [17,20-22,25-29,31,35], the
telemedicine intervention was mainly based on the use of clinical
decision support system for VKA dose adjustment or scheduling
of thenext visit. Overal, 12 studies[7-9,23,24,30,32-34,36-38]
involved some kind of remote support (either by telephone,
mobile app, or internet-based systems) for VKA dose
adjustment—8 used self-testing with point-of-care devices for
INR measurement, and 4 used conventional laboratory testing.
Two studies [18,19] assessed the impact of a multitasking
intervention (viaamobile app or aweb-based clinical decision
support system) for the management of AF in primary care,
which included anticoagulation therapy indication and
management, along with rate or rhythm control, symptom
monitoring, and other cardiovascular risk factors management.

Most studies used the Rosendaal method to calculate TTR [39].
Four studies made cost analyses [9,17,24,27], which are
qualitatively described in Multimedia Appendix 1.
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Table 2. Characteristics of included studies.
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ease! contact
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lation vention mean events. terven-  tion tion

inter-  tion (%)/ (%)
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trol
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Verretet NCTO01033279 114 57.7 68 AF: Self-test-  War- 4 Anticoag- 0/0 3.4/ 0/0 N/A
a (2012) 50.8% ingand  farin ulation- 17
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BN/A: not available.
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9AF: atrial fibrillation.
®DVT: deep venous thrombosis.
fPE: pulmonary embolism.
9CDSS: clinical decision support system.
PDOAC: direct oral anticoagulant.
'OAT: oral anticoagulation therapy.
JVKA: vitamin K antagonist.
KLVAD: left ventricular assist device.
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Risk of Bias

Risk of bias in included studies is shown in Figures 2 and 3.
Only 3 studies were considered to have a low risk of bias. No

Figure 2. Risk of biasin individual randomized studies [7-9,20-38]. Green:
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study was double-blinded, which could have caused deviations
from the intended interventions in 7 trials. The randomization
processwas poorly described in 17 studies, and missing relevant
outcome data were detected in 5 studies.

low risk of bias; Red: high risk of bias; Yellow: unclear risk of bias.
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Figure 3. Risk of biasin cluster randomized studies [17,19,41]. Green: low risk of bias; Yellow: unclear risk of bias.
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Primary and Secondary Outcomes

The main results of our pooled analyses are shown in Table 3,
and forest plotsare shownin Figures4-7. Intracluster correlation
coefficient values were not obtained for any of the cluster trials
included in our meta-analysis. Therefore, we adjusted the results
from these trials using an intracluster correlation coefficient of
0.02 before pooling data. This value was reported in similar
primary care cluster studies [41] and was used for sample
calculation in one of theincluded trials [40].

Telemedicine resulted in lower rates of TTE compared to usual
care (n=13 studies, n=19,223 patients, RR 0.75, 95% CI
0.53-1.07; 12=42%; Figure 4), although this difference was not
statistically significant. The certainty of the evidence was graded
aslow dueto the seriousrisk of biasin theincluded studies and
imprecision. We decided not to downgrade the certainty for
inconsistency, although 12 suggested moderate heterogeneity

because this was entirely explained by the inclusion of 1 trial,
as discussed below.

Overall, 11 studiesreported rates of major bleeding, and pooled
analysis showed that telemedicine is likely to have no impact
on that outcome compared to usua care (n=11 studies, n=19,926
patients, RR 0.94, 95% CI 0.82-1.07; 1°=0%; Figure 5). The
confidencein that estimate was moderate due to the seriousrisk
of biasin the included studies.

Telemedicine resulted in similar mortality compared to usual
care (n=12 studies, n=19,694 patients, RR 0.96, 95% CI

https://www.jmir.org/2023/1/e45922

BragaFerreiraet a

0.78-1.20; 1°= 11%; Figure 6). The certainty of the evidence
was graded as moderate due to the serious risk of bias in the
included studies.

Moreover, telemedicine resulted in improved TTR compared
to usual care (n=16 studies, n=19,609 patients, MD 3.38, 95%

Cl 1.12-5.65; 1=90%; Figure 7) though the certainty of the
evidence was graded as low due to the serious risk of biasin
included studies and inconsistency among studies.

Although the 95% Clsfor major bleeding and mortality crossed
the null effect, we decided not to downgrade the certainty for
imprecision because the intervals were notably narrow, so we
considered the true effect to lie in the similarity between both
groups.

There was no evidence of publication bias for most evaluated
outcomes with a symmetrical distribution of trials across the
funnel plots. Mortaity was the only outcome with an
asymmetrical distribution of studies in the funnel plot with
significantly more studies published in favor of intervention.
In spite of that asymmetry, Egger's test resulted in a
nonsignificant P value (.135). Also, adjusted odds ratio,
including the 5 missing studies estimated by Fill and Trim
method, indicated that our conclusion would not be significantly
altered by apotential publication bias (adjusted oddsratio 0.99,
95% CI 0.83-1.19). Therefore, we decided not to downgrade
the confidence in any of the outcomes for publication bias. A
detailed analysis of publication bias can be found in Figure S1
and Table S1 in Multimedia Appendix 1.

JMed Internet Res 2023 | vol. 25 | 45922 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Braga Ferreiraet a

Table 3. Summary of findings: telemedicine compared to usual care for oral anticoagulation management in adult outpatients.

Study design  Stud-  Certainty assessment Patients, n/N (%) Effect Certainty
ies, n
Risk of Inconsis- Indirect- Impreci- Other Telemedicine Usua Relative  Absolute
bias tency ness sion conddera- care (95% Cl) (95% CI)
tions

Total thromboembolic events

Random- 13 Seri- Not seri-  Notseri- ggrigus® None 204/9657 256/9566 0.75 7 fewer 1100
izedtrias ousdPc ousd ous (2.1) 2.7) (0.53- per 1.000
1.07) (from13 Low
fewer to
2 more)
Major bleeding
Random- 11 Seri- Not seri- Not seri- Not seri-  None 349/10,085 371/9877 0.94 2 fewer @@EBO
izedtrias ousdPc ous ous oud (3.5) (3.8) (0.82- per 1.000
1.07) (from7  Moderate
fewer to
3 more)
Death
Random- 12 Seri- Not seri- Notseri- Notseri-  None? 271/9965 275/9729 0.96 1 fewer [2:7e 12 @)
izedtrias ousdPc ous ous oud 2.7 (2.8) (0.78- per 1.000
1.20) (from6  Moderate
fewer to
6 more)
TTR"
Random- 16 Seri- Serious  Notseri-  Not seri-  None 9813 9796 _ MDK3.38 1100
izedtrials ousdPe ous ous higher
(112 Low
higher to
5.65high-
er)

A significant number of trials were not adequately masked. However, this is due to the nature of the intervention, and we judged that it would not
significantly impact objective outcomes such as death, thromboembolic and hemorrhagic events, or TTR.

bDowngraded for unclear or inadequate randomization process.
“Downgraded for high or unclear risk of missing outcome data.

dAIthough 12 suggested serious heterogeneity, we decided not to downgrade for inconsistency because thisis completely explained by the inclusion of
1 study [18].

®The CI includes an important benefit but also asmall harm, sinceiit slightly crosses the null effect.

fWe decided not to downgrade for imprecision athough 95% ClI includes the null effect because the intervals are very narrow and centralized in the
null effect, which corroborate similarity between telemedicine and usual care.

9Funnel plot shows an asymmetrical distribution of studies, with significantly more studies published in favor of intervention. Egger’s test resulted in
anonsignificant P value (.135) and the adjusted odds ratio (OR), including the 5 missing studies estimated by Fill and Trim method, indicated that our
conclusion would not be significantly altered by a potential publication bias (OR 0.99, 95% CI 0.83-1.19). Therefore, we decided not to downgrade for
publication bias.

MTTR: timein therapeutic range.

iDespite 12 of 90%, all but one trial results range from a null effect to a positive effect of telemedicine on TTR. Therefore, we decided to consider it
only serious.

INot available.
KMD: mean difference.
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Figure 4. Forest plot of the comparison: telemedicine interventions versus usual care. Outcome: total thromboembolic events.

Telemedicine Control

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
1.4.1 Randomized trials
Ayutthaya 2018 3 25 6 25 7.2% 0.50[0.14, 1.78] —
Fihn 1994 6 301 3 319 6.5% 2.12[0.53, 8.40] S
Fitzmaurice 1996 1 14 0 9 1.7% 2.00 [0.09, 44.35]
Matchar 2010 71 1465 83 1457 17.8% 0.85[0.62, 1.16] =
Poller 2008 97 6605 106 6447 18.1% 0.89 [0.68, 1.17] —.
Sidhu 2001 9 41 1l 48 11.9% 0.96 [0.44, 2.08] . E—
Staresinic 2006 4 98 9 94 8.2% 0.43 [0.14, 1.34] —
Vadher 1997a 2 87 1 90 2.8% 2.07 [0.19, 22.41]
Vogeler 2020 4 15 1 15 3.5% 4.00 [0.50, 31.74]
Zhu 2021 1 360 2 361 2.8% 0.50 [0.05, 5.50]
Subtotal (95% CI) 9011 8865 80.6% 0.88 [0.73, 1.06] &
Total events 198 222
Heterogeneity: Tau? = 0.00; Chi’ = 7.00, df = 9 (P = 0.64); I’ = 0%
Test for overall effect: £ = 1.32 (P = 0.19)
1.4.2 Cluster trials
Fitzmaurice 2000 2 122 10 245 5.8% 0.40 [0.09, 1.80] =1
Guo 2020 11 1261 61 1212 13.7% 0.17 [0.09, 0.33] —
Subtotal (95% CI) 1383 1457  19.4% 0.20 [0.11, 0.36] i
Total events 13 71
Heterogeneity: Tau? = 0.01; Chi* = 1.02, df = 1 (P = 0.31); I’ = 2%
Test for overall effect: Z = 5.27 (P < 0.00001)
Total (95% CI) 10394 10322 100.0% 0.70 [0.46, 1.08] B
Total events 211 293
Heterogeneity: Tau? = 0.24; Chi? = 31.13, df = 11 (P = 0.001); I = 65% 1 t t 1
Test for overall effect: Z = 1.62 (P = 0.10) 0.05 0.2 - > 20
- . Favours [telemedicine] Favours [control]
Test for subgroup differences: Chi? = 21.46, df = 1 (P < 0.00001), I = 95.3%
Figure5. Forest plot of the comparison: telemedicine interventions versus usual care. Outcome: major bleeding.
Telemedicine Contraol Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.3.1 Randomized trials
Ayutthaya 2018 2 25 1 25 0.3% 2.00[0.19, 20.67]
Fihn 1994 13 301 1S 319 3.4% 0.92 [0.44, 1.90] [
Fitzmaurice 2002 0 23 1 26 0.2% 0.38 [0.02, 8.78]
Matchar 2010 93 6605 99 6447 22.6% 0.92 [0.69, 1.21] .
Poller 2008 180 1465 199 1457  50.4% 0.90 [0.75, 1.09] R 3
Sidhu 2001 1 41 0 48 0.2% 3.50[0.15, 83.66] 4
Staresinic 2006 48 98 43 94  20.0% 1.07 [0.79, 1.44] N
Verret 2012 2 58 1 56 0.3% 1.93 [0.18, 20.70]
Zhu 2021 2 360 4 361 0.6% 0.50[0.09, 2.72]
Subtotal (95% Cl) 8976 8833 97.9% 0.94 [0.82, 1.07] &4
Total events 341 363
Heterogeneity: Tau® = 0.00; Chi? = 3.27, df = 8 (P = 0.92); I¥ = 0%
Test for overall effect: Z = 0.91 (P = 0.36)
1.3.2 Cluster trials
Cox 2020 9 590 7 543 1.9% 1.18 [0.44, 3.16] ——
Guo 2020 0 1261 5 1212 0.2% 0.09 [0.00, 1.58]
Subtotal (95% CI) 1851 1755  2.1% 0.45 [0.03, 5.97] R —
Total events 9 12
Heterogeneity: Tau® = 2.51; Chi® = 3.06, df = 1 (P = 0.08); I” = 67%
Test for overall effect: Z = 0.60 (P = 0.55)
Total (95% CI) 10827 10588 100.0% 0.94 [0.82, 1.07] 4
Total events 350 375
. 3 T2 2 ’ . . . ;
Heterogeneity: Tau® = 0.00; Chi* = 6.12, df = 10 (P = 0.81); I = 0% 0.05 02 : 20

Test for overall effect: Z = 0.94 (P = 0.35)
Test for subgroup differences: Chi* = 0.31, df = 1 (P = 0.58), I = 0%

https://www.jmir.org/2023/1/e45922

RenderX

Favours [telemedicine] Favours [control]

JMed Internet Res 2023 | vol. 25 | e45922 | p. 15

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

BragaFerreiraet a

Figure 6. Forest plot of the comparison: telemedicine interventions versus usua care. Outcome: all-cause death.

Telemedicine Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
1.1.1 Randomized trials
Ayutthaya 2018 0 25 1 25 0.8% 0.33 [0.01, 7.81] +¢
Fitzmaurice 1996 2 40 2 9 2.3% 0.23 [0.04, 1.39] ¢
Fitzmaurice 2002 0 23 1 26 0.8% 0.38 [0.02, 8.78] ¢
Matchar 2010 152 1465 157 1457  29.2% 0.96 [0.78, 1.19] =
Poller 1993 1 122 0 64 0.8% 1.59 [0.07, 38.37]
Poller 2008 70 6605 62 6447  23.3% 1.10[0.78, 1.55] N
Sidhu 2001 0 41 4 48 1.0% 0.13[0.01, 2.34] ¢
Staresinic 2006 13 98 9 94 9.4% 1.39 [0.62, 3.09] 1
Zhu 2021 0 360 2 361 0.9% 0.20 [0.01, 4.16] +
Subtotal (95% CI) 8779 8531 68.6% 0.98 [0.83, 1.17] L 2
Total events 238 238
Heterogeneity: Tau? = 0.00; Chi? = 7.53, df = 8 (P = 0.48); I’ = 0%
Test for overall effect: Z = 0.18 (P = 0.86)
1.1.3 Cluster trials
Cox 2020 28 590 21 543 15.2% 1.23[0.71, 2.13] —T
Fitzmaurice 2000 3 122 6 245 3.9% 1.00 [0.26, 3.95]
Guo 2020 12 1261 32 1212 12.3% 0.36 [0.19, 0.70] -
Subtotal (95% CI) 1973 2000 31.4% 0.74 [0.30, 1.83] —~eii———
Total events 43 59
Heterogeneity: Tau® = 0.45; Chi® = 8.00, df = 2 (P = 0.02); I’ = 75%
Test for overall effect: Z = 0.65 (P = 0.51)
Total (95% CI) 10752 10531 100.0% 0.87 [0.66, 1.17] @
Total events 281 297
Heterogeneity: Tau’ = 0.06; Chi‘ = 16.88, df = 11 (P = 0.11); I’ = 35% 0=05 012 t 250

Test for overall effect: Z = 0.91 (P = 0.36)

Test for subgroup differences: Chi® = 0.37, df = 1 (P = 0.54), I’ = 0%
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Figure 7. Forest plot of the comparison: telemedicine interventions versus usual care. Outcome: time in therapeutic range.

Telemedicine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.2.1 Randomized trials
Ayutthaya 2018 49.8 34.3 25 28 27.5 25 1.5% 21.80[4.57, 39.03] I
Borgman 2012 77.7 11.3 13 70.3 17.9 13 2.9% 7.40 [-4.11, 18.91] R
Christensen 2011 79.9 2.22 83 72.7 2.35 40  11.4% 7.20[6.33, 8.07] -
Fitzmaurice 2002 74 16.1875 23 77 247581 26 2.9% -3.00 [-14.59, 8.59] -
Cadisseur 2003 67.7 15.9 99 64.7 22,1 221 8.2% 3.00 [-1.28, 7.28] T
Khan 2004 71.1 14.5 39 70.4 24.5 40 4.2% 0.70 [-8.15, 9.55] I R
Matchar 2010 66.2 14.2 1465 62.4 17.1 1457 11.3% 3.80 [2.66, 4.94] -
Nieuwlaat 2012 71 23.2 650 719 22.9 648 10.2% -0.90 [-3.41, 1.61] ]
Poller 1898 63.3 28 137 53.2 27.7 148 6.0% 10.10 [3.63, 16.57]
Poller 2008 65.9 16.5 6605 64.7 17 6447 11.6% 1.20 [0.63, 1.77] -
Rasmussen 2012 52.1 18.1 37 55 11.1 17 4.8%  -2.90[-10.76, 4.96] —_—
Staresinic 2006 57.8 39.1 98 55.1 39.1 94 3.1% 2.70 [-8.36, 13.76] —
Vadher 1997a 60.7 25.6186 37 51.6 25.6186 44 3.0% 9.10 [-2.10, 20.30] =
Vadher 1997b 67.6 25.7228 50 70.1 25.7228 46 3.4% -2.50 [-12.80, 7.80] —
Vogeler 2020 58 28 15 78 14 15 1.7% -20.00[-35.84, -4.16] +——
Zhu 2021 53 24 360 46 21 361 9.3% 7.00(3.71, 10.29] —_—
Subtotal (95% CI) 9736 9642  95.6% 3.22 [0.89, 5.54] L 4
Heterogeneity: Tau® = 11.55; Chi® = 167.25, df = 15 (P < 0.00001); I = 91%
Test for overall effect: Z = 2.71 (P = 0.007)
1.2.2 Cluster trials
Fitzmaurice 2000 69 16.7374 122 62 63.5719 245 4.4% 7.00 [-1.50, 15.50] 0
Subtotal (95% CI) 122 245 4.4% 7.00 [-1.50, 15.50] —-—‘-——
Heterogeneity: Not applicable
Test for overall effect: Z = 1.61 (P = 0.11)
Total (95% CI) 9858 9887 100.0% 3.38 [1.12, 5.65] S 4
¥ . 2 . 2 T 0. } I | L
Heterogeneity: Tau® = 11.47; Chi* = 168.06, df = 16 (P < 0.00001); I’ = 90% 30 10 0 20

Test for overall effect: Z = 2.93 (P = 0.003)
Test for subgroup differences: Chi* = 0.71, df = 1 (P = 0.40), I’ = 0%

Sensitivity and Subgroup Analyses
Sensitivity analyses did not significantly affect the pooled
estimated effect for any of the outcomes, neither by the
exclusion of each individua study nor by excluding those with
a high risk of bias. Likewise, similar pooled effect estimates
were obtained when the results of cluster studies were adjusted
using an intracluster correlation coefficient of 0.05 (Figure S2
in Multimedia Appendix 1). Nevertheless, excluding Guo's
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study from the analysis of TTE reduced the 12 statistics from
42% to 0%.

Subgroup analyses were carried out for different modalities of
telemedicine intervention. Results are shown in Table 4. The
only subgroup that yielded a significant result was one of the
multitasking interventions, which resulted in a significant
reduction of TTE (RR 0.20, 95% CI 0.08-0.48) compared to
usua care. Although a better TTR in telemedicine group had
already been shown in overall results, the magnitude of the
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effect in the multitasking application subgroup was larger than

Table 4. Subgroup analysis for different types of telemedicine intervention.
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in other subgroups.

QOutcome Computer-assisted

Laboratory testing + remote  Self-testing

Multitasking applica- P value for sub-

dosing adjustment tion group differences
Total thromboembolic events, 0.92(0.71t01.20)  0.46 (0.20t0 1.07) 0.90 (0.65to 0.20 (0.08 to 0.48) .005
RR?(95% Cl) 1.26)
Magjor bleeding, RR (95% Cl)  0.90(0.75t01.08)  1.08 (0.80to 1.45) 0.93(0.70to 0.84 (0.36 t0 1.98) 77
1.23)
Death, RR (95% CI) 1.05(0.76t0 1.45)  1.27 (0.58t0 2.76) 0.84 (0.44to 0.62 (0.20t0 1.92) .70
1.62)
TTR?, MD® (95% Cl) 219(-0.44t04.81) 11.06 (-7.51t0 29.63) 3.24(0.16to 7.00(3.71t010.29) .12
6.32)

3RR: relative risk.
bTTR: timein therapeutic range.
°MD: mean difference.

Discussion

Principal Findings

This systematic review showed that telemedicine-based OAT
management resulted in a better quality of anticoagulation
compared to usual care, demonstrated by an improved TTR.
The estimated effect for thromboembolic events was not
statistically significant. Still, it did show a 25% RR reduction
and a 95% ClI that barely crossed the null effect, indicating a
trend for benefit. In the multitasking intervention subgroup, the
reduction in TTE reached a greater magnitude (RR 0.20, 95%
Cl 0.08-0.48). We aso found similar rates of major bleeding
and all-cause death in the telemedicine and usual care group.
Despite the risk of biasin the included studies, the confidence
in those estimates was considered moderate for major bleeding
and mortality, as the results were robust and consistent. The
confidencelevel for the other outcomeswas low dueto the high
risk of bias in the included studies as well as imprecision for
TTE and inconsistency for TTR.

Three recent systematic reviews [42-44] aimed to answer a
similar question, albeit 2 of those focused on telephone-based
interventions only. All of them were limited by methodol ogical
issues, such astheinclusion of nonrandomized studies, incorrect
interpretation of the Cochrane risk of bias tool, classifying
studies as having low risk of bias despite having a high or
uncertain risk of biasin one of the domains, or alack of aclear
definition of the comparator, including trials in which both
treatment and control groups received technology-based
interventions[43]. Therefore, an appropriate evidence synthesis,
with a comprehensive search, ajudicious selection of included
studies, and strict methodological criteria, was warranted, and
this review meets that evidence gap.

Thisresearch wasinnovative in demonstrating that multitasking
telemedicineinterventions significantly reduced thromboembolic
events and improved anticoagulation quality. This emphasizes
theimportance of modern telemedicineinterventions consisting
of bundles of care rather than isolated interventions. Their
impact stemsfrom enhanced accessto health care, higher quality

https://www.jmir.org/2023/1/e45922

of care, and better integration of variouslevelsof health services
[45]. Technology-based interventions may help implement
integrated care of chronic diseases such as AF, heart valve
disease, and VTE, beyond anticoagul ation management.

Precisely, the Guo et al [18] trial, which tested a multitasking
telemedicineintervention for managing patientswith AF, found
that telemedicineresulted in animportant reductionin TTE and
mortality. The intervention consisted of a mobile app for
integrated management of AF, including anticoagulation
indication and management, symptoms control, cardiovascular
risk, and comorbidity management, asrecommended in current
guidelines. The multifaceted intervention, along with the longer
follow-up period, may have greatly contributed to the observed
effects. The larger impact of the Guo trial, significantly greater
than the effect found in any other trial, was probably the reason
for the heterogeneity observed in the pooled analysisfor TTE,
which was abolished after the Guo et al [18] trial exclusion.

The short length of follow-up of most trials may have hindered
the impact on clinical outcomes. Nevertheless, it was enough
to demonstrate that telemedicine resulted in a better quality of
anticoagulation, expressed by an improved TTR. The pooled
MD was 3.38 for the entire body of evidence and 7.0 for the
multitasking intervention subgroup, highlighting the remarkable
impact of multifaceted telemedicine interventions. High
heterogeneity in TTR was already anticipated due to the wide
range of settings and telehealth strategiesin theincluded studies.
Additionally, a higher heterogeneity is usually expected in
meta-analyses of continuous outcomes [46]. Different baseline
TTRsalso could haveinfluenced theimpact of theintervention,
as it is expected that populations with lower baseline TTRs
derive a larger benefit from any intervention that promotes a
better quality of therapy [7,34-36]. Eveninrecent clinical trials
of DOAC versuswarfarin, TTR in control groupsvaried widely
across various geographical regions [47], reaching values as
low as 36% in India. Hence, eHealth implementation may
positively impact the quality of anticoagulation, especialy in
underserved regions.

The complexity and potential hazards associated with OAT,
especidly VKAs, make it a till underused therapy, and
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anticipation of difficulty in management is a frequent barrier
to an adequate prescription of OAT [48]. Data from different
countries and regions show heterogeneous prescription patterns
ranging from 76% in high-income countries [49] to as low as
9% in low-income countries[50]. Asaresult, increasing access
to appropriate anticoagulation treatment through telehealth
strategies, particularly for underserved populations, may
significantly impact their outcomes. This may not be apparent
in this research because most studies were conducted in
higher-income countries where baseline anticoagul ation quality
was aready high.

Given therapid uptake of DOAC prescribing worldwide, largely
replacing VKASsin many countries, one could question if there
will still be a place for telemedicine intervention in managing
such treatment in the near future. First of all, VKAsremain the
best anticoagulant drug choice in 3 important conditions, that
is, antiphospholipid syndrome [51], mechanical heart valves
[4], and rheumatic valve disease, as confirmed in arecent trial
[5]. Secondly, weincluded 2 trial saddressing DOAC prescribing
for patientswith AF [18,19]. The telemedicine strategy in both
studies incorporated multitasking interventions such as
calculating risk scores for thromboembolic and bleeding risks,
recommending adjusted DOAC doses based on renal function,
age, and other relevant variables, monitoring renal and liver
function, suggesting switching from VKA to DOAC when
deemed appropriate, and promoting drug adherence through
patient diaries and reminders. Therefore, we believe that
telemedicine-based OAT management can be beneficial even
in the DOAC era, preferably as part of an integrated care
pathway.

Concerning costs, evidence is still lacking. In a recently
published cost analysis of the ThrombEVAL study [52], the
rise in direct costs was outweighed by the lower frequency of
adverse events and hospitalizations in patients managed by
telemedicine-based intervention, which led to an important
reduction in headth care expenditures. As cost and
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reimbursement barriers continue to limit the implementation of
telemedicine services, future studies should conduct in-depth
cost-effective analyses of the various types of telemedicine
strategies to support anticoagulation management. This may
help to support public health implementation and the discussion
of reimbursement strategies.

This research has some limitations. It included a broad range
of different types of telemedicine interventions that may
constrain the applicability of our results. However, subgroup
analysis should overcome this flaw. The underlying conditions
for which anticoagulation was prescribed were also variable,
but this reflects the reality of most anticoagulation clinics.
Overal, therisk of biasin individual studies was moderate to
high. Nonetheless, it is crucia to consider that double-blinding
is often impossible due to the nature of theintervention, that is,
patients followed remotely by telephone would always know
they were allocated to the intervention. Moreover, since we
analyzed objective outcomes, the lack of blinding was not
considered amajor issue. Another limitation wasthe substantial
heterogeneity of TTE and TTR outcomes, as discussed earlier.

Conclusions

This systematic review  provides evidence that
telemedi cine-based management of OAT resultsinsimilar rates
of major bleeding and mortality compared to usual care, atrend
for a benefit for TTE, and a better quality of anticoagulation,
as measured by TTR. Furthermore, telemedicine resulted in an
important reduction of TTE in the subgroup of multitasking
intervention. Given the potentia benefits of telemedicine-based
management, such as greater access to remote populations or
people with ambulatory restrictions, these findings may
encourage further implementation of eHealth strategies for
anticoagulation management, particularly as part of multifaceted
interventionsfor integrated care of chronic diseases. Meanwhile,
researchers should develop higher-quality evidence focusing
on hard clinical outcomes, cost-effectiveness, and quality of
life.
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