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Abstract

Purposeof Review Guideline-directed medical therapy (GDMT) underuse is common in heart failure (HF) patients. Digital
solutions have the potential to support medical professionals to optimize GDMT prescriptions in a growing HF population.
We aimed to review current literature on the effectiveness of digital solutions on optimization of GDMT prescriptions in
patients with HF.

Recent Findings We report on the efficacy, characteristics of the study, and population of published digital solutions for
GDMT optimization. The following digital solutions are discussed: teleconsultation, telemonitoring, cardiac implantable
electronic devices, clinical decision support embedded within electronic health records, and multifaceted interventions.
Effect of digital solutions is reported in dedicated studies, retrospective studies, or larger studies with another focus that also
commented on GDMT use. Overall, we see more studies on digital solutions that report a significant increase in GDMT use.
However, there is a large heterogeneity in study design, outcomes used, and populations studied, which hampers comparison
of the different digital solutions. Barriers, facilitators, study designs, and future directions are discussed.

Summary There remains a need for well-designed evaluation studies to determine safety and effectiveness of digital solutions
for GDMT optimization in patients with HF. Based on this review, measuring and controlling vital signs in telemedicine stud-
ies should be encouraged, professionals should be actively alerted about suboptimal GDMT, the researchers should consider
employing multifaceted digital solutions to optimize effectiveness, and use study designs that fit the unique sociotechnical
aspects of digital solutions. Future directions are expected to include artificial intelligence solutions to handle larger datasets
and relieve medical professional’s workload.
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Introduction

There is an epidemic growth in the amount of heart fail-
ure (HF) patients and a further increase in the number
of patients with HF is projected. Morbidity and mortality
of HF patients remain high despite advances in medical
therapy in the last decades [1-3]. Current 2021 European
Society of Cardiology (ESC) Guidelines for the diagno-
sis and treatment of acute and chronic HF and the 2023
Focused Update include clear recommendations about
pharmacotherapy in patients with HF with a reduced
ejection fraction (HFrEF) [1, 4]. These recommendations
include the prescription of angiotensin-receptor neprily-
sine-inhibitors (ARNI) or ACE inhibitors, sodium-glucose
cotransporter-2 inhibitors (SGLT2-1), mineralocorticoid
receptor antagonists (MRA), and fB-blockers, also known
as guideline-directed medical therapy (GDMT). The esti-
mated aggregate benefit for HFrEF is greatest for a com-
bination of those foundational four medication classes,
defined as guideline-directed medical therapy (GDMT) [5,
6]. Nowadays, it is advised to initiate GDMT with rapid
sequencing [7-11]. However, in practice there is a high
proportion of slow optimization, low target dose achieve-
ment, and/or discontinuation of GDMT [12, 13].

Digital solutions are increasingly used in clinical prac-
tice and have the potential to keep healthcare sustainable
[14-18]. Digital health refers to the use of information
and communications technologies in medicine and other
health professions to manage illnesses and health risks and
to promote wellness. Digital health has a broad scope and
includes the use of wearable devices, mobile health, tel-
ehealth, health information technology, and telemedicine

[19-21]. Five major digital solutions for GDMT optimiza-
tion are discussed in this review: 1) teleconsultation (pro-
vider to provider and provider to patient), 2) telemonitor-
ing, 3) cardiac implantable electronic devices, 4) clinical
decision support systems (CDSS), and 5) multifaceted
interventions. These categories are illustrated in Fig. 1.
In this narrative review, we provide in-depth discussion
per digital solution within the context of GDMT in patients
with HF. Our objective is to provide evidence-based advice
about which strategies are the most promising, by distin-
guishing between successful, as well as less successful digital
solutions. Additionally, we explore the potential and future
perspectives of leveraging artificial intelligence (Al) as a
transformative tool in optimizing GDMT for HF patients,
shedding light on how AI can revolutionize and enhance
patient outcomes in the realm of GDMT optimization.

Method

The Medline (Ovid) database was searched in collabo-
ration with an expert librarian using Heart failure, Tel-
emedicine, Decision Support Systems, Electronic Health
Records, Monitoring, and guideline directed medical ther-
apy as keywords. ASReview, a semi-automatic machine
learning tool for systematic reviews, was subsequently
used for screening for relevant articles [22—-24]. Articles
from 1946 until 2023 were screened using ASReview.
From the total output of the Medline database, the first 268
articles were screened for relevance and known relevant
articles were marked in the database. Experts in the field
of heart failure and digital solutions added any missing
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Fig. 1 Major types of digital solutions for GDMT optimization discussed in this review
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articles not included in this list. Based on the marked rel-
evant articles, a ranking is generated by ASReview. This
ranking was screened up until 25 irrelevant articles were
consecutively encountered [23, 24]. After 25 consecutively
encountered irrelevant articles, it is namely less likely that
articles lower in the ranking will be relevant. This resulted
in 32 articles that used digital solutions for GDMT opti-
mization. The articles are listed per category in Table 1.

Teleconsultation Provider to Provider

Teleconsultation refers to the remote exchange of medi-
cal information and advice between a professional and a
patient or provider using telecommunication technologies,
allowing assessment, monitoring, and management of the
condition without an in-person visit [25].

Bhatt et al. reported on results of the IMPLEMENT-HF
study in 2021 and 2023 [26, 27]. The authors assessed the
safety and effectiveness of a virtual care team containing
cardiologists and pharmacists guiding the GDMT optimi-
zation of patients hospitalized in non-cardiac departments.
Virtual care teams represent a centralized and scalable
approach to optimize GDMT. In this multicenter, prospec-
tive cohort study, the investigators allocated 252 hospi-
tal encounters in patients with HFrEF to a virtual care
team-guided strategy or usual care. The virtual care team
strategy significantly improved GDMT scores vs. usual
care (adjusted difference: 1.2; 95% CI: 0.7-1.8; P <0.001).
New initiations (44% vs. 23%; absolute difference: 21%;
P=0.001) and net intensifications (44% vs. 24%; abso-
lute difference =20%; P =0.002) during hospitalization
were higher in the virtual care team group, translating to
a number needed to intervene of five encounters. Hypo-
tension was the most common safety event, occurring in
17% encounters allocated to usual care and 11% allocated
to the virtual care team guided intervention (P =0.28).
Rates of acute kidney injury, bradycardia, and hyper-
kalemia were similar in those allocated to usual care and
to the virtual care team-guided intervention. The authors
concluded that among patients hospitalized with HFrEF, a
virtual care team-guided strategy for GDMT optimization
was safe and improved GDMT across multiple hospitals
in an integrated health system. Rao et al. also reported
on in-hospital virtual provider-to-provider consultations
in 91 patients admitted to non-cardiology departments.
The virtual care team consisted of cardiologists and phar-
macists and the consultation was directed to clinicians of
non-cardiology departments. [28]. In this single-center
randomized controlled trial (RCT), an increase in the
proportion of patients on angiotensin-converting enzyme
inhibitors (ACE-I)/angiotensin receptor blockers (ARB)/
ARNI was demonstrated.

Teleconsultation Provider to Patient

Sammour et al. reported on outpatient management of
GDMT for patients with HFrEF using video contact [29].
This retrospective cohort study included 5439 patients with
HFrEF. The authors concluded that the initiation of GDMT
for HFrEF was similar between in-office and video visits but
lower with telephone visits, whereas the initiation of a loop
diuretic was less frequent in both types of remote visits. In
RCT by Wakefield et al. the efficacy of a videophone appli-
cation used by nurses to reach-out to HF patients each week
for 90 days after hospital discharge was evaluated [30]. A
total of 148 patients were enrolled: 49 were randomized to
usual care, 52 to the videophone intervention, and 47 to the
telephone intervention. The videophone intervention group
was more likely to have GDMT medications adjusted during
the 90-day intervention period in comparison to telephone
intervention and usual care patients. Yuan et al. investigated
clinical practice patterns of remote cardiology visits dur-
ing the COVID-19 pandemic. This study reported lower
use of GDMT in the teleconsultation arm as compared to
standard care [31]. The authors included in their retrospec-
tive cohort study all outpatient cardiology visits for HF at
a multisite healthcare system during the COVID pandemic.
During remote visits, medical professionals were less likely
to order diagnostic testing (odds ratio, 0.20 [0.18-0.22]
video versus in-person, 0.18 [0.17-0.19] telephone versus
in-person) or prescribe B-blockers (0.82 [0.68-0.99], 0.35
[0.26-0.47]), MRA (0.69 [0.50-0.96], 0.48 [0.35-0.66]),
or loop diuretics (0.67 [0.53-0.85], 0.45 [0.37-0.55]). Dur-
ing telephone visits, medical professionals were less likely
to prescribe ACE-I/ARB /ARNISs; 0.54 [0.40-0.72]). The
authors concluded that remote visits for HFrEF care were
associated with reduced diagnostic testing and GDMT. The
reduced diagnostic testing may be partially explained by the
following factors associated with COVID-19 pandemic: a
reluctance of clinicians who preferred remote visits during
the pandemic to send the patient to the hospital, a reluc-
tance of patients to go to the hospital for a diagnostic test
or blood test, and an underdeveloped infrastructure while
using teleconsultations regarding the ordering of blood tests,
medicine recipes, and diagnostic tests.

Telemonitoring

Telemonitoring involves the monitoring of a patient’s vital
signs, symptoms, or health data using technology such as
wearable devices, sensors, or digital platforms. The col-
lected information is transmitted to medical professionals
for assessment, enabling proactive healthcare manage-
ment and interventions. Of the 10 studies on telemonitor-
ing to optimize GDMT, 9 (90%) report positive results. In
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a single-center RCT, Antonicelli et al. studied the impact
of telemonitoring at home on the management of elderly
patients with congestive HFrEF [32]. Fifty-seven conges-
tive patients with HF were randomized to standard care
or to home telemonitoring-based care and followed for
12 months. In the patients who were telemonitored, weekly
reports on their clinical status were obtained and their man-
agement was modified accordingly. Home telemonitoring
was associated with more frequent use of B-blockers. Arta-
nian et al. conducted a pilot RCT on the impact of remote
dose titration combined with telemonitoring on the GDMT
optimization for patients with HFrEF [33, 34]. A total of 42
patients with new-onset (10/42, 24%) and existing (32/42,
76%) HFrEF were randomized. Within 6 months of enroll-
ment, 86% (18/21) of patients in the telemonitoring group
achieved optimal doses versus 48% (10/21) of patients in the
control group. The median time to dose optimization was
11.0 weeks for the telemonitoring group versus 18.8 weeks
for the control group. Brahmbhatt et al. reported on a mul-
ticenter RCT in 108 cardiac outpatients with a diagnosis of
HFrEF [35, 36]. Here, a non-invasive telemonitoring plat-
form was used to allow daily nurse coordinator-led assess-
ment of trends in heart rate, blood pressure (BP), and weight.
The telemonitoring data were used to make decisions on
optimization of GDMT every 2 weeks. This intervention
resulted in more patients achieving maximum tolerated
doses, and on average 2 months earlier. In a retrospective
cohort study by Giordano et al., an increase in pf-blockers
use during an 8-year period in 358 patients with chronic
HFrEF was found [37]. During a 6-month home-based
telemonitoring program, there was a significant increase
in the mean daily dosage of B-blockers prescribed. Samsky
et al. reported in the VITAL-HF cohort study on the effi-
cacy and patient perspectives of the Story Health web-based
platform in 12 HFrEF patients [38]. Automated alerts were
triggered based on pre-specified vital signs and laboratory
data. GDMT optimization plans were individually created
in the digital platform by local medical professionals. There
were 10 GDMT initiations, 52 up-titrations, and 13 down-
titrations. They also reported that the intervention allevi-
ated concerns associated with the uncertainty in daily liv-
ing, led to an increased feeling of security, and empowered
patients to understand decision-making regarding GDMT. A
larger study is ongoing (NCT05602454). Koehler et al. pub-
lished in 2018 the results of the TIM-HF2 RCT [39]. This
multicenter study enrolled 1571 HF patients with left ven-
tricular ejection fraction <45% and NYHA II or III. In the
telemonitoring group, medication changes were often per-
formed (n=3546). McLachlan et al. studied, in a prospec-
tive cohort study, 50 consecutive HFrEF patients using both
BP monitors and electronic weight scales and remote nurse
practitioner support during the COVID pandemic [40]. The
authors reported rapid dose titration with less need for clinic

review with optimization rates comparable with most usual
care. In a RCT by Romero et al., 55 patients with HFrEF
who were randomly assigned to receive either usual care
or a usual care and quality-improvement remote dose titra-
tion with telemonitoring intervention [41]. The intervention
group used wireless devices to transmit heart rate, BP, and
weight data daily, which were remotely reviewed by cardi-
ologists and nurses every 2—4 weeks. At the 6-month follow-
up, the intervention group had a GDMT score (a comparison
of the used dose to the target dose of each medication) of
64.6% compared to 56.5% in the control group (p =0.01).
Wong et al. conducted the DAVID-HF prospective cohort
study on wearable armband monitors paired with a smart-
phone application in 20 HFrEF patients [42]. A medica-
tion optimization algorithm was used to adjust medication
daily. At 120 days, 70% received > 50% maximal target dose
ACE-I/ARB/ARNI (P =0.110) with percent maximal target
dose increased to 64.4 +33.5% (P=0.060). The proportion
receiving > 50% maximal target dose ARNI increased from
15 to 55% (P =0.089) with % maximal target dose ARNI
increased from 20.6+30.9 to 53.1+39.5% (P =0.006).
More patients received >50% maximal target dose MRA (65
vs. 25%, P=0.011) with % mean target dose MRA increased
from 25.04+19.9 t0 46.2+28.8% (P=0.009).

Neutral study results have been reported by Dierickx
et al. where the impact of home telemonitoring supported
by a nurse-specialist in a “real-world” setting was studied
in a retrospective cohort [43]. The authors analyzed data on
333 patients with HFrEF. After 6 months, prescription of
B-blockers (92% vs. 83%), ACE-I/ARB (92% vs. 90%) and
MRA (68% vs. 67%) did not differ significantly between the
home telemonitoring and usual care group. The proportions
of patients who achieved >50% and > 100% of target doses
of p-blockers, ACE-I/ARB, and MRA were also similar in
each group.

Cardiac Implantable Electronic Devices

Cardiac implantable electronic devices (CIED) are devices
placed to perform invasive telemonitoring and manage car-
diac status. Specific devices include pulmonary artery pres-
sure (PAP) monitors not only to assist in HF management
and pacemakers or implantable cardioverter-defibrillators
(ICD) to help regulate arrhythmia but also provide data
for remote HF management. Of the four studies on CIED,
three (75%) showed positive results on GDMT optimiza-
tion. Results from the CHAMPION RCT post-hos analysis
by Adamson et al. on PAP monitors where pressures were
remotely made available to investigators demonstrated that
GDMT was changed more often in the remote group using
pressure information compared with the control group using
symptoms and daily weights alone [44, 45]. Brugts et al.
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reported in the MONITOR-HF RCT on the effect of remote
PAP monitoring on the quality of life [46]. Individualized
optimization of GDMT was found during 48 months of
follow-up. Zile et al. also reported on the effectiveness of
remote PAP monitoring in the GUIDE-HF trial and included
a total of 200 patients with HFrEF and New York heart
association (NYHA) class II/III. In this RCT, 70% more
medication changes occurred in the treatment group com-
pared to the control group (P <0.001). This study however
only reported on the total amount of medication changes
and stated that diuretic changes were the most frequent
compared to the four foundational medication groups for
HFrEF. Hernandez et al. performed the MANAGE-HF pro-
spective cohort study in 2022 [47] and included a total of
200 patients with HFrEF, NYHA class II/III, who received
a cardiac resynchronization therapy-defibrillator or ICD in
combination with remote data monitoring who had either a
hospitalization for HF or unscheduled visit for HF exacerba-
tion or an elevated natriuretic peptide. GDMT was optimized
during 74% of the alert of decongestion.

However, post-hoc analysis by D’Onofrio et al. where the
impact of ICD with remote ICD data monitoring was investi-
gated on the dose of -blockers achieved, and its association
with clinical outcome at 12 month showed negative results
[48]. Altogether, 987 consecutive patients were enrolled
and followed up for at least 12 months in 25 Italian centers.
Telemonitoring comprising interrogation and transmission
of ICD data through a connection at scheduled intervals or
in the case of programmable alert conditions, without patient
intervention, was adopted by 499 patients. The number of
patients receiving pB-blockers at any dose decreased after
12 months (from 403 (81%) to 370 (74%) for the remote arm
and from 389 (80%) to 342 (70%) for the standard arm, both
p <0.02). Nonetheless, the number of patients on p-blockers
at the effective dose increased in both arms (from 60 (12%)
to 82 (16%) for remote and from 63 (13%) to 98 (20%) for
standard arms, respectively, both p < 0.05). In a multivariate
analysis, remote ICD data monitoring was not associated
with an effective dose of B-blockers at the follow-up evalu-
ation. The authors concluded that in a “real-world” setting,
there was no association between remote ICD data moni-
toring and the achieved dose of B-blockers. For data from
the pre-COVID-19 period, there were 70% more medication
changes in the treatment group compared with the control
group with 1.19 changes/patient-month in treatment vs.
0.700 changes/patient-month in control (P <0.001).

Clinical Decision Support Systems
CDSS can nudge the clinician to adhere to disease-specific

guidelines via among others alerts, reports, and e-messages,
to influence medical professionals’ decision-making by
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presenting information in a way that encourages optimal
clinical practices, such as optimizing GDMT. Of the six
studies on CDSS to optimize GDMT, four (67%) showed
positive results. Allen et al. reported the results of EPIC-HF
RCT [49]. This study randomized patients with HFrEF to
usual care versus patient activation tools—a 3-min video
and 1-page checklist—delivered electronically 1 week
before, 3 days before, and 24 h before a cardiology clinic
visit. The EPIC-HF enrolled 306 patients, 290 of whom
attended a clinic visit during the study period: 145 were
sent the patient activation tools and 145 were controls. The
authors reported that this patient activation tool delivered
electronically before a cardiology clinic visit improved med-
ical professionals’ optimization of GDMT. An explanation
given for the effectiveness of this method is that the tools
engaged and activated patients before the clinical encoun-
ter. The PROMPT-HF cluster RCT by Ghazi et al. focused
on outpatient CDSS alerts to improve GDMT [50, 51].
The study enrolled 1310 outpatient patients with HFrEF.
The primary outcome of increase in number of prescribed
GDMT at 30 days occurred in 176 of 685 (26%) participants
in the alert arm vs. 117 of 625 (19%) in the usual care arm,
thus increasing GDMT use by >40% after alert exposure
(adjusted relative risk: 1.41; 95% CI: 1.03-1.93; P = 0.03).
The number of patients needed to alert to result in GDMT
increase was 14. A total of 79% of alerted professionals
agreed that the alert was effective at enabling improved
GDMT. In a cluster randomized trial by McCarren et al.,
a CDSS system was used to evaluate its effectiveness on
B-blocker uptitration [52]. The trial included 220 patients
among 12 centers. A report containing a list of patients
not meeting GDMT goals of p-blockers therapy was sent
to healthcare professionals for 6 months. The CDSS was
associated with 1.9-fold greater odds of improvement in
prescribing and a greater odd of a higher dose (1.9, 95% CI
1.1-3.3) of GDMT. In the BETTER CARE-HF cluster RCT,
Mukhodadhyay et al. reported on the effect of outpatient
CDSS alerts and messages to improve MRA prescriptions
[53]. The study included 2211 patients (alert: 755, electronic
health record (EHR) messages: 812, usual care [control]:
644). The alert more than doubled MRA prescribing com-
pared to usual care (relative risk: 2.53; 95% CI: 1.77-3.62;
P <0.0001) and improved MRA prescribing compared to the
message (relative risk: 1.67; 95% CI: 1.21-2.29; P <0.002).
The number of patients with alert needed to result in an
additional MRA prescription was 5.6.

Interestingly, the second PROMPT cluster RCT,
PROMPT-AHF also by Ghazi et al. in hospitalized patients,
showed negative study results [54]. In total 1012 patients
were enrolled. The CDSS included a best practice advice
that was displayed to professionals upon accessing a
patient’s EHR and engaging with the order entry interface.
The primary outcome was an increase in the number of
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GDMT prescriptions at discharge, and this occurred in 34%
of both the alert and no alert groups (P =0.99]. Patients
were randomized to either the control arm or the alert arm.
Patients in the alert arm were more likely to have an increase
in MRA [adjusted RR: 1.54 (1.10, 2.16), P=0.01]. Reasons
given for the negative results are a focus on multiple other
comorbidities, a pressure to achieve a fast discharge, and
alert fatigue due to multiple other in-hospital alerts. In the
REVEAL-HF RCT, Ahmad et al. evaluated CDSS alerts
including the 1-year mortality calculated using an algorithm
that was derived and validated using similar historic patients
in the EHR [55]. GDMT prescription rates were recorded
and remained comparable at discharge. Reasons given for
the ineffectiveness were that no direct treatment advice was
given in the alert and that clinicians could have an aversion
to algorithm-derived prognoses.

Multifaceted Interventions

In five studies several digital and non-digital interventions
were combined to a multifaceted approach [56]. Here, three
studies (60%) showed positive results. Guliza et al. per-
formed the BLITZ-HF cross-sectional study [57]. In the
BLITZ-HF study, a web-based recording system with alerts
on GDMT was used for two 3-month enrolment periods car-
ried out 3 months apart, interspersed by face-to-face macro-
regional benchmark analyses and educational meetings for
clinicians. In total 7218 patients with acute and chronic
HF were enrolled at 106 cardiology sites. A significant
increase in ARNI prescription rates was observed. Lynch
et al. evaluated, in a prospective cohort study, a proactive
integration of telemonitoring and remote pharmacist consul-
tations among 16 patients [58]. Use of GDMT increased by
17.1% (p < 0.001), the number of patients receiving GDMT
increased from 3 to 11 (p=0.008), GDMT dose optimi-
zation increased by 25.3% (p <0.001), and the number of
patients maximally optimized on GDMT increased from 1
to 6 (p=0.06). In a prospective cohort study by Slade et al.,
the effectiveness of a pharmacist-led HF medication titration
clinic with a standardized titration protocol and a patient
dashboard was tested in 12 patients [59]. In 14 months, the
prescribing of ACEI/ARB/ARNI and B-blockers therapy
at > 50% target doses for patients with HFrEF was increased.
This study demonstrated the potential of a multifaceted phar-
macist-led approach that integrates population-level inter-
ventions such as clinical dashboard management with a HF
medication optimization clinic.

Nonetheless, there are also negative studies on multifac-
eted interventions. Rahimi et al. performed the SUPPORT-
HF2 RCT at seven sites in the UK and recruited a total of
202 patients with HFrEF [60]. Patients randomized to the
intervention received additional regular feedback via a

telephone to support self-management and their primary care
doctors received digital instructions on blood investigations
and pharmacological treatment. There was no evidence for
GDMT improvement. This can be explained by the chosen
study design in which the control group also receives exten-
sive telemonitoring and submits questionnaires about their
well-being resulting in a diluted intervention effect. Verma
et al. performed the DASH-HF RCT in 300 veterans with
HFrEF [61]. The intervention was a HF dashboard in the
EHR to monitor and improve outpatient HF management.
No significant difference was found between the intervention
arm and usual care arm in GDMT optimization score. Rea-
sons given for the ineffectiveness of the intervention were a
low response rate of telephone contact of the patient after the
digital alert and a low treatment effect because of otherwise
unsuitable infrastructure apart from the CDSS.

Discussion

In this review five major digital solutions were discussed.
The effect of digital solutions on GDMT is summarized
from dedicated studies, retrospective studies, and larger
studies with another primary objective that also commented
on GDMT use. Overall, we see more positive than nega-
tive results. However, there is a large heterogeneity in study
design, outcomes used, and populations studied, which ham-
pers comparison of different digital solutions. Furthermore,
a substantial number of studies were conducted during the
COVID pandemic. Therefore, the generalizability of the
results to post-COVID practice is difficult [62, 63].

The path to achieve GDMT optimization is evaluated by a
heterogeneity of study designs, showcasing a landscape rich
in diversity. A cluster randomized trial at institution level
might mitigate the bias resulting from the learning experience
of a clinician treating both intervention and control patients.
However, cluster randomized controlled trails are resource
intensive and may encounter challenges in controlling for
confounding variables at the individual level within clustered
groups. Moreover, all clusters should be ready for enrollment
from baseline which is often a challenge in clinical practice.
Stepped wedge RCT can be a solution to this; however, this
has the disadvantage of introducing a time bias. Therefore, a
traditional RCT design is commonly chosen. A trial design
which diminishes the risk of placebo effect might also be
chosen, like in the study of Rahimi et al. [60]. In this design
some form of telemonitoring is also performed in the control
group. If the objective of the study is to measure the effect
of regular feedback to support self-management and/or the
effect of sending instructions to primary caregivers on top of
the performed telemonitoring, this design may be effective to
diminish the placebo effect and the feeling of “losing” when
a patient is assigned to the less extensive digital intervention
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group. Such a design might however also dilute the interven-
tion effect of a multifaceted digital intervention as patients
in the control arm also need to conduct some form of telem-
onitoring or at home measurements. Use of GDMT can also
be extracted from retrospective studies or larger studies with
another focus; however, conclusions should be drawn with
caution due to the large risk of biases. Furthermore, a more
comprehensive understanding of the underlying problems
related to low GDMT use and slow up titration is needed to
deliver more effective digital solutions [64]. Therefore, inter-
viewing patients and clinicians may be useful to better under-
stand the underlying problems and improve the intervention,
but this may be less suitable for large patient populations
containing different local cultures [65]. Regarding the type
of intervention, a multifaceted solution where multiple inter-
ventions are combined seems to be a more appealing strategy
than solely one digital solution [66]. A multifaceted approach
can help to achieve a synergistic effect to aim for the most
optimal results at patient and provider levels. Also, interven-
tions on a specific target, for instance, on a drug (group) that
is the most underused, might be more impactful than a broad
intervention on all four drug groups included in the GDMT.

It is important to identify barriers and facilitators when
implementing digital solution for GDMT optimization. Reim-
bursement, costs, and resistance to change are known barriers
for digital solutions, as well as a lack of integration of the
solutions in EHR systems [67]. Academic institutions that
conduct research, entrepreneurs and startups, patient advo-
cacy groups, and insurance and payer organizations are known
facilitators for digital initiatives. In the included studies,
some authors elaborated on barriers and facilitators. Facilita-
tors included the technical opportunities and the COVID-19
pandemic. The barriers included counseling of non-English-
speaking patients on multiple medication changes, accessing
and using required technology, decreased clarity of com-
munication, an inability to perform comprehensive physical
examinations, cost-related barriers, knowledge of and comfort
with the drug therapy optimization, passive recommendations
rather than active, patient preferences, and alert fatigue. Prior-
itizing education and training for users to enhance technology
literacy, an implementation of solutions that are a replacement
of usual care and not an additional workload, establishing
robust data privacy and security measures to build trust, are
ways to overcome some of these barriers hampering the adop-
tion of digital solutions to optimize GDMT.

Future Directions
We foresee more innovation in the field of digital solutions

in cardiology in the near future [68, 69]. Future digital solu-
tions to optimize GDMT are expected to include Al-based
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Fig.2 Necessities for a successful implementation of digital solutions
for GDMT optimization in multiple hospitals

technology to handle larger datasets and reduce workload
of healthcare professionals [66, 67]. We identified two stud-
ies including Al-based technology that are ongoing and
registered on www.clinicaltrials.gov. NCT04394754 is a
RCT evaluating the efficacy of Al-based technology in the
treatment of congestive HF. A “smart” scale (Bodyport),
an automated conversational platform (Conversa), and a
coaching application (Noom) using an Al algorithm are
used to determine fluid status noninvasively and assess HF
risk [70]. In total 182 participants are expected to enroll
in this study. The NCT04191330 is a RCT where digital
Al-powered algorithms using a cloud-based platform (Bio-
vitalsHF) combined with wearable sensors are used to aid
management of optimization of GDMT prescriptions out-
side of normal or traditional clinical encounters. In total 228
participants are expected to enroll in this study.

In our opinion, the deployment of digital systems to
optimize GDMT in multiple hospitals and an evaluation
of these deployed systems are the next steps to draw more
definitive conclusions on the effectiveness of digital solu-
tions for GDMT optimization. As illustrated in Fig. 2,
interoperability of systems, harmonization of healthcare
pathways, deployment of simple to use systems suitable
for large patient groups, common (Al-based) data models,
and time and resource efficient systems are likely to be
needed for an efficient and effective deployment of such
systems among multiple hospitals.
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Conclusion

Based on this review, measuring and controlling vital signs
in telemedicine studies should be encouraged. Professionals
should be actively alerted about suboptimal GDMT and the
researchers should consider employing multifaceted digi-
tal solutions to optimize effectiveness. Also, study designs
should be used that fit the unique sociotechnical aspects of
digital solutions. There remains a need for well-designed
evaluation studies to determine safety and effectiveness of
digital solutions for GDMT optimization in patients with
HF. Future directions are expected to include artificial intel-
ligence solutions to handle larger datasets and relieve medi-
cal professional’s workload.
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