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Guideline-directed medical therapy (GDMT) has clear benefits on morbidity
and mortality in patients with heart failure; however, GDMT use remains

low. In the multicenter, open-label, investigator-initiated ADMINISTER trial,
patients (n =150) diagnosed with heart failure and reduced ejection fraction

(HFrEF) were randomized (1:1) to receive usual care or a strategy using
digital consults (DCs). DCs contained (1) digital data sharing from patient
toclinician (pharmacotherapy use, home-measured vital signs and Kansas
City Cardiomyopathy Questionnaires); (2) patient education via a text-based
e-learning; and (3) guideline recommendations to all treating clinicians.
Allremotely gathered information was processed into a digital summary
that was available to cliniciansin the electronic health record before every
consult. All patient interactions were standardly conducted remotely. The
primary endpoint was change in GDMT score over 12 weeks (AGDMT); this
GDMT score directly incorporated all non-conditional class 1indications for
HFrEF therapy with equal weights. The ADMINISTER trial met its primary
outcome of achieving a higher GDMT in the DC group after a follow-up of

12 weeks (AGDMT score in the DC group: median 1.19, interquartile range
(0.25,2.3) arbitrary units versus 0.08 (0.00,1.00) in usual care; P < 0.001).
To our knowledge, thisis the first multicenter randomized controlled

trial that proves a DC strategy is effective to achieve GDMT optimization.
ClinicalTrials.gov registration: NCT05413447.

Heart failure (HF) affects more than 64 million people worldwide, and
this concerning healthcare problem is projected to worsen due to an
increasing prevalence'. The number of healthcare professionals and
available resources in outpatient clinics is limited, however, and it,
therefore, poses a challenge to deliver optimal care.

The prognosis of patients with HF and reduced ejection fraction
(HFrEF) has improved considerably since the introduction of recent
HF therapies, including 3-blockers, angiotensin-converting enzyme
inhibitors (ACEs)/angiotensin receptor neprilysininhibitors (ARNIs),

mineralocorticoid receptor antagonists (MRAs), sodium-glucose
co-transporter 2 inhibitors (SGLT2is) and intravenous iron adminis-
tration? In patients with HFrEF, the estimated effect of the medica-
tion is the greatest for a combination of B-blocker, ARNI, MRA and
SGLT2i, and rapid optimization with a combination is recommended
by the 2023 Focused Update of the 2021 European Society of Cardiol-
ogy (ESC) guidelines® . Strikingly, there is still substantial underuse
of guideline-directed medical therapy (GDMT)™*". The explanation
for the worldwide underuse of GDMT is multifactorial and includes
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439 patients were screened for potential inclusion

Included (n = 150)

Patients randomized to
standard of care (n =72)

1 patient withdrew
participation; reason:
upon consideration not
interested in
participating

72 patients included in
intention-to-treat analysis
(number of exclusions = 0)

Fig.1| CONSORT flowchart. Patient flow diagram.

« Refused (n =153, 35%)
« Not reachable by phone (n =50, 11%)
« No response after invitation letter (n = 42, 10%)
« Not suitable due to exclusion criteria’s (n = 39, 9%):
+ Dutch language barrier (n = 3)
« Active COVID-19 infection (n =1)
» No GDMT optimizations possible (n = 35)
« Restored LVEF (n = 4)
« Too low tensions (n =17)
« NYHA class | (n = 9)
« Hyperkalemia/low eGFR and no
rhythm optimizations possible (n = 4)
« Allergies for all medications (n =1)
« Not suitable due to other reasons (n =5, 1%)
« Self-pay (n=1)
« Participation in conflicting study (n =1)
« Decreased mental capacity (n = 3)

Patients randomized to digital
consults (n =78)

2 patients withdrew participation;
reasons:
« Not willing to continue with
the intervention (n =1)
« Upon consideration not
interested in participating (n =1)

78 patients included in
intention-to-treat analysis
(number of exclusions = 0)

inter-doctor and inter-hospital variation and the absence of sufficient
infrastructure that is able to support rapid optimization®.

Remote digital GDMT optimization using at-home measured
vital signs and guideline support, defined as multifaceted digital
consults (DCs), seems promising'® . In patients with inflammatory
bowel disease, a multifaceted digital intervention was proven safe
and effective at reducing hospitalizations and outpatient consults®.
Previous studies regarding digital GDMT optimization in patients
with HFrEF showed anincrease in GDMT usage. However, these stud-
ies were single center or had non-randomized designs limiting their
generalizability’*?*. Hence, the open-label Assessment of Digital con-
sults in heart failure Management regarding clINical Impact, SafeTy
and Efficacy using a Randomized controlled trial (ADMINISTER) was
performed. A multifaceted approach was adopted by providing a
multifaceted DC constituting the following components: (1) digital
data sharing, including the exchange of pharmacotherapy use and
home-measured vital signs; (2) patient education via a text-based
e-learning; and (3) digital guideline recommendations to treating
clinicians.

Results

Between 22 September 2022 and 12 March 2024, 150 patients with HFrEF
were randomly assigned to receive DC or usual care (Fig. 1). The last
patient completed the 12-week follow-up on 4 June 2024. The median
agewas 70 years (interquartile range (IQR) (58.3, 75.0)), and 74% (n = 111)
ofthe patients were male. The groups were similar in terms of baseline
characteristics (Table 1).

Primary endpoint

A DC strategy resulted in a higher change in GDMT score (AGDMT)
thanin the usual care group over a12-week follow-up period (median
1.19,1QR (0.25, 2.34) arbitrary units (AU) in the DC group versus 0.08
(0.00,1.00) inusual care; P< 0.001, difference = 0.75,95% confidence
interval (CI) (0.21,1.12); Fig. 2). Theinternal components of the AGDMT
score are displayed in Table 2.

Secondary endpoints

Time-until-event analysis revealed a lower time to optimal medical
therapy (OMT) in the DC group compared to usual care during the
12-week follow-up (hazard ratio = 4.51, P< 0.01; Fig. 3). At 12 weeks, OMT
was reached more often in the DC group (22 (28.2%) versus 5 (6.9%),
P<0.01). Nodifference was observed in the amount of time investment
for patients (3.0 h (1.5, 4.0) versus 2.5 h (1.0, 6.0), P=0.59), change in
quality oflife (QoL) (2.8 AU (-2.1,9.8) versus 2.1 AU (-2.8,15.3), P=0.70)
or satisfaction (0 AU (-1, 0.25) versus 0 AU (-0.75,0), P= 0.38) during
the12-week follow-up period. The DC strategy was safe, as there were no
differencesinthe number of hyperkalemiaevents (9 versus 10, P=0.85),
estimated glomerular filtration rate (¢GFR) <30 mI min"1.73m2 (3
versus 4, P=0.91) or number of HF hospitalizations per group (10 ver-
sus 7, P=0.73) during the 12-week follow-up period. The strategy was
associated with more remote consults (2.0 (1.0, 3.75) versus 1.0 (0.0,
2.0), P<0.01) and the same number of physical consults (1.2 versus 1.4,
P=0.9) during the 12-week follow-up period. The number of summa-
riesinthe DC group sent to the clinicianwas 3 (2, 5). The net promoter
score (NPS) for clinicians was 7.4, which is moderately positive; seven
clinicians were promotors; 11 were passive; and six were detractors.

Exploratory endpoints

A DC strategy resulted in a higher GDMT score than usual care in the
pre-specified subgroup analysis among patients with new-onset HF,
patients who received HF nurse support or no nurse support, age higher
or lower thanthe median, eGFR higher or lower than the median, New
York Heart Association (NYHA) class Il or class lll and non-academic
hospitals or tertiary academic referral centers (Fig. 4). No significant
interactions were observed. The Pvalues of the interaction terms are
included in the Supplementary Information.

Discussion

The ADMINISTER trial showed that a DC strategy was effective at opti-
mizing the GDMT within 12 weeks in patients with HFrEF. A notable
additional finding was that a DC strategy was safe, as no differences
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Table 1| Baseline characteristics

Group
DC group Usual care Digital consults
n 78 72 -o- Usual care
Male sex (n, %) 58 (74.4) 53(73.6)

Age (years, median (IQR))

67.5(59.3,74.8)

71.0(58.0,76.3)

BMI (kgm?, median (IQR))

26.6(23.9, 31.4)

26.0(23.7,28.5)

[0}
Systolic BP (mmHG, median (IQR)) 123.0 128.0 §
(112.0,137.0) (108.8,137.3) E
NYHA baseline (n, %) 8
I 58 (74.3) 56 (78,8)
[ 20 (25.6) 15 (21) 3 —"
Cause of heart failure (n, %)
Ischemic cardiomyopathy 36 (46.2) 37(51.4) l
Non-ischemic cardiomyopathy 42(53.8) 35(48.6)
Laboratory values T T
Baseline 12 weeks
Potassium (mmoll™, mean (s.d.)) 4.27(0.47) 4.25(0.44) Time
eGFR (mlmin™1.73m, median (IQR)) ~ 67.0 (45.0,87.0) 67.0 (47.3, 82.0) Fig. 2| DCsresulted in a greater use of AGDMT. The increase in the median
NT-ProBNP (ngL™, median (IQR)) 1,099.0 1,216.0 GDMT scoreis shown (along with error bars displaying the 95% Cls). The asterisk
[394.0,3148.0] (44758,2,522.3) indicates a significant difference according to the two-sided Mann-Whitney
R —— 24.(307) 23(31.9) U-test (difference = 0.75,95% CI1(0.21,1.12), P< 0.01).
Ferritin level (ugL™, median (IQR)) 93.0 1475
(48.5,167.5) (47.0,230.0)
TSAT (%, median (IQR)) 18.0 15.0 were observed in the occurrence of hyperkaliemia, kidney dysfunc-
(13.0, 33.0) (9.0, 25.8) tion or hospitalizations. Moreover, this approach did not lead to an
ID in screened patients (n, %) 16 (66.7) 14.(60.9) increased burden on patient-reported time spent on healthcare, QoL
Hb soreened (. %) 50(76.9) 15(625) or satisfaction. Furthermore, subgroup analysis revealed that the effect
! : - was observed among different NYHA classes, HF nurse support, age and
Hb (gdl”, median (IQR)) 13.21(1.68, 13.54 (11.28, eGFR groups, new-onset or existing HF and non-academic hospitals
1442) 14.82) or tertiary academic referral centers (Fig. 4). The ADMINISTER trial
Anemia in screened patients (n, %) 24 (40.0) 17 (37.8) hereby provides, to our knowledge, the first multicenter evidence
LVEF (%, median (IQR)) 34.0 33 ofthe efficacy and safety of multifaceted DC for optimizing GDMT.
(29.0, 38.0) (28, 38) Most studies of digital systems for HF management focus on moni-
RV function (n, %) toring vital signs to detect and act on worsening HF*>* . Little focus
has thus far been placed on the impact of digital systems for remote
Normal 51(65.4) 53(73.6) L .
GDMT optimization or onamultifaceted approach, but there are some
Moderate 25 (32.1) 18(25.0) single-center trials and non-randomized studies of digital systems for
Poor 2(26) 101.4) remote GDMT optimization'"*, The largest single-center randomized
Cardiovasoular history controlled trial (RCT) of remot.e GDMT optimizaFion was conduct.ed
by Brahmbhatt et al.”>. Other pilot RCTs by Antonicelli et al., Artanian
Atrial fibrilation (n, %) 38 (487) 26 (36.1) et al. and Romero et al. all evaluated similar methodologies ">, All
Hypertension (n, %) 21(26.9) 24 (33.3) ofthese methods use intensive monitoring froma HF titration clinic to
Diabetes (n, %) 21(26.9) 23(31.9) optimize GDMT remotely. These methods were effective atincreasing
GDMT, but considering that these trials were exclusively performed
CDG 55 2o 17(Z36) in tertiary centers, questions remain regarding the generalizability
CRT (n, %) 9(1.5) 12(16.7) of these approaches, as expertise on GDMT optimization is plentiful
Cardiac surgery (n, %) 46 (59.0) 37 (51.4) in these clinics, and nurses are available to frequently check GDMT. In
Asthma (0, %) 14(79) 10013.9) the ADMINlSTERFrlaI, D(;s areimplementedin tf:rtlary referra! cgpters
and non-academic hospitals, and the safety, efficacy and feasibility of
COPD (n, %) 12(15.4) 9(12.5) these consults are, therefore, tested in multiple centers.
Medication use Ghazi et al.*° recently showed with PROMPT-HF that alerts can
B-Blocker (n, %) 66 (84.6) 53(73.6) resultinanincreased chance of anew GDMT class prescription (rela-
- tiverisk =1.41,95% CI (1.03,1.93); P= 0.03). PROMPT-HF is, therefore,
RASI (n. %) 70(89.7) 66(91.7) animportantadvocate for the use of guideline support for clinicians;
ARNI (n, %) 29(37.2) 35 (48.6) however, remote strategies are likely to still be needed to effec-
MRA (n, %) 47(60.3) 49 (681) tively optimize GDMT, as patients with HFrEF need to have recurrent
SGLT2i (1, %) 41(526) 44(611) contact with clinicians to achieve GDMT optimization. Without a

remote strategy, GDMT optimization would lead to a substantial

BMI, body mass index; CRT, cardiac resynchronization therapy; Hb, hemoglobin; ICD,
implantable cardiac defibrillator; ID, iron deficiency; NT-ProBNP, N-terminal prohormone of
brain natriuretic peptide; RV, right ventricle. The criteria used for ID and anemia are from the
ESC guidelines on HF?.

increase in physical appointments and an associated burden on the
healthcare system. The present trial showed that GDMT optimiza-
tion canbe achieved using DCs, which resulted inincreased remote
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Table 2 | This table summarizes the components
constituting the GDMT score

Baseline 12-week Increase Pvalue
follow-up

ACE/ARB/ARNI
(mean, s.d.)

Treatment 0.53 (x0.37) 0.70 (x0.36) 0.17 (+0.32)

Usual care 0.49 (x0.34) 0.59 (+0.35) 0.10 (+0.26) 0.164
Switch to ARNI
(n, %)

Treatment 35 (44.9%) 56 (71.8%) 22(28.2%)

Usual care 40 (55.6%) 50 (69.4%) 10 (13.9%) 0.053
3-Blocker (mean,
s.d.)

Treatment 0.62 (+0.40) 0.80 (+0.34) 0.7 (+0.33)

Usual care 0.54 (+0.42) 0.62 (+0.41) 0.07 (x0.22) 0.028
MRA (mean, s.d.)

Treatment 0.40(x0.38)  0.67(+0.39) 0.27 (+0.39)

Usual care 0.37 (+0.35) 0.47 (+0.39) 0.10 (+0.25) 0.002
SGLT2i (n, %)

Treatment 43 (55.1%) 68 (87.2%) 25 (32.1%)

Usual care 49 (68.1%) 56 (77.8%) 7(9.7%) <0.001
Iron screening/
supplementation
(n, %)

Treatment 14 (17.9%) 45 (57.7%) 31(39.7%)

Usual care 12 (16.7%) 17 (23.6%) 5 (6.9%) <0.001

Patients with at least one uptitration before reaching OMT (n, %)
18 (81.8%)
3(60.0%)

Plus-minus values are +s.d. The P values displayed are of the two-sided Mann-Whitney U-test.

Treatment

Usual care

contact and no significant difference in time spent on healthcare.
The PROMPT-HF study has some limitations regarding its generaliz-
ability, as it was asingle-center study using a single electronic health
record system. The ADMINISTER trial points toward a transferable
digital solution that includes guideline support in a remote digital
GDMT optimization strategy.

Arelevant factor to consider regarding the efficacy of DC is the
time investment required from researchers to enable clinicians to
perform DCs. The preparation time to make a digital summary in the
electronic healthrecord was approximately 12 min for the first consult
and 4-5 min for additional consults. The time investment per patient
would, therefore, be approximately 17-18 min for the average number
of consults performedinthe interventiongroup. The creation of these
digital summaries is, however, automatable. This would require the
following digital infrastructure:

1. Automatic generation of a note to clinicians containing medica-
tion status and (at-home measured) vital signs before each con-
sult with a patient with HFrEF

2. Thedigital distribution of an e-learning and a message to the pa-
tient to record vital signs and to check their medication before
an appointment

3. Interactivefieldsinthe digital summary to clinicians that change
based on the latest (at-home measured) information

With such a system, recreating the procedures performed in the
DC group would require no additional time from investigators.

Strata = Usual care = DC group
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Fig. 3| Time-until-event analysis on the DC group versus usual care revealed
ashorter time until OMT for the DC group compared to usual care. The red
cumulative incidence curve represents the time until OMT in the treatment
group, and the blue curve represents the time until OMT in the usual care group.
Estimates are shown along with error bars displaying the 95% Cls.

During GDMT optimization, a patient may not tolerate more
medication—for example, after a drop in systolic blood pressure
(BP) <90 mmHg or anincrease in potassium > 5.0 mmol I". ESC guide-
lines state that optimization should continue until the specified target
doseis reached or until maximal tolerability is reached. This maximum
tolerability occurs at different dosages depending on the patient’s
reaction to the treatment. BP measurements are essential to access
whether OMT was reached. BP was measured more often in the treat-
mentgroup as part of the home measurements. Anincreased number
of measurements means more data to act on, and this has the added
benefit of the clinician being more aware of the situation of the patient.
However, itis unlikely that the effect of ahigher GDMT score due to the
increased number of patients reaching OMT (22in the DC group versus
fivein control reached OMT) occurred for alarge part due toincreased
number of measurements as:

1. Non-persistent drops of systolic BP < 90 mmHg in patients with
otherwise normal systolic BP were not classified as hypotension
if the patients were not symptomatic.

2. 81.2%inthetreatment group and 60% in the control group of the
patients who reached OMT were optimized on GDMT while par-
ticipating in the trial (Table 2). This increased prescription rate
of GDMT has profoundly more impact on the BP of the patient
than increased number of measurements.

Amongclinicians, the NPS was 7.4, which is amoderately positive
NPS score. We used a single-timepoint NPS for clinicians as the DC
strategy first needs to be implemented before a clinician can reflect
onits usein practice. Critics frequently indicated (in the accompany-
ing free text) that they think that aremote strategy does not work for
every patient. Promoters frequently indicated that having asummary of
relevant (at-home measured) clinical information was useful. Although
there have been critiques of NPS, it hasbeen shown to correspond well
with the intention of a person to change behavior®*?, This score thus
points toward amoderately positive attitude of clinicians toadoptaDC
strategy. More in-depth qualitative research on the concerns of critics
might be useful toidentify potentialimprovements. Not knowing about
the efficacy of DC might have lowered the NPS for some clinicians.
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Difference in AGDMT score between P value for effect

Subgroups n treatment and control in subgroup

eGFR < 67 77 . 0.04

eGFR
eGFR > 67 73 - >0.01
NYHA II 105 A > 0.01

NYHA class
NYHA Il 45 —— >0.01
New-onset HF 40 I ] | >0.01
Onset
Existing HF 10 i 0.01
. Ischemic 73 —— >0.01
Ethiology

Non-ischemic 77 —a— >0.01
Age <70 75 B >0.01

Age
Age > 70 75 —a— >0.01
) Tertiary referral centers 120 i >0.01

Hospital type
Non-academic hospitals 30 } = | >0.01
HF nurse support 74 —— >0.01
Support
No nurse support 76 B >0.01
T T T T T T T T 1
-2 -15 -1 -0.5 o] 0.5 1 15 2
Usual care better DC better

Fig. 4| The pre-specified exploratory analysis shows that the DC group effect
of the difference in AGDMT is observed across eGFR groups, NYHA classes,
new-onset or existing HF, ischemic or non-ischemic etiologies, age groups,
the use of nurse support and non-academic hospitals or tertiary academic

referral centers. The median, along with error barsindicating the 95% Cl, is
shown, as well as the Pvalues of the two-sided Mann-Whitney U-test for the effect
ineach subgroup.

Patients with HFrEF exhibit a wide range of clinical profiles, in
both variety and severity. Not all patients of older age use digital
solutions®?*, These patients could have participated lessinthis study,
asthey generally have minimal experience with digital technology and
sometimes struggle to use it*>**, However, the patients in this trial were
similar in age to other studies of patients with HFrEF**%*~*2, Although
we did not track active family support for DC, feedback from outpatient
clinics indicated that family members were engaged throughout the
optimization process, which might have enhanced the confidence of
patients in participating in this trial. The refusal percentage of 35.6%
inthis trial (Fig. 1) was similar to the average refusal rate of other prag-
matic RCTs (38.4%)*.

In the ADMINISTER trial, only patients who not already received
OMT or had contraindications for any GDMT optimizations were con-
sidered for participation. Compared to the CHECK-HF and TITRATE-HF
registries, enrolled patients in the ADMINISTER trial constituted a
representative sample of patients with HF with similar important
baseline characteristics, such as age, ischemic or non-ischemic cause
of HF, occurrence of chronic obstructive pulmonary disease (COPD)
and laboratory values®*, Also, regarding GDMT, baseline use rates
were similar; in the CHECK-HF trial, 84% of patients were treated with
renin-angiotensin systeminhibitor (RASi), 86% with 3-blocker and 56%
with MRA. SGLT2iand ARNIwere not available at that time. In the more
recent TITRATE-HF trial, 87% of patients were treated with RASi, 87%
with 3-blocker and 76% with MRA. Furthermore, 65% of patients were
treated with SGLT2i and 57% with ARNI.

Applicability of this research of the DC strategy to other health-
care systems outside The Netherlands needs to be tested. This trial
was not powered on its secondary outcomes. In this trial, clinicians
were notinformed of a usual care group assignment to optimally cap-
ture local practice. However, in some cases, assignment to the usual
care group might have been deduced, which might have caused an

underestimation of the treatment effect. Changes in heart rate (HR),
BP and renal function during 12-week follow-up indicated that patients
were taking their prescribed medication. Patient adherence was not
otherwise assessed. No validated GDMT score was available at the start
of the trial. The used GDMT score (Table 3) is directly incorporating
all non-conditional recommendations for the treatment of chronic
HF from ESC guidelines. The primary outcome can, therefore, also be
interpreted as a direct measure of clinician adherence with regard to
GDMT optimization.

Despite the efficacy of our intervention, substantial room for
improvement persists. Although 29% of the DC group achieved OMT,
whichisaclear contrast to the 7% in the usual care group, itis essential
to highlight that 71% of the DC group still has considerable poten-
tial for enhancement. An important factor in GDMT optimization is,
of course, patient motivation. Not all patients are motivated to take
(extra) medication. However, many patients are motivated to change
less-appropriate medication for GDMT recommendations. Also, in
thistrial, clinicians are requested and advised to book regular appoint-
ments but are not forced into a schedule. This allows for an easier
implementationinvarious types of clinics and takes into account work
schedules of participating clinicians. However, optimization in this trial
is, thus, also limited to clinicians’ availability for GDMT optimization.
Achieving greater optimizationis expected through several key meas-
ures:increasingclinicianawareness, allocating more time for dedicated
HF care paths with personalized digital platforms and implementing
even more intensive follow-ups with additional contact moments at
the outpatient clinic. We suggest that reimbursement structures be
explored to reflect the time needed to optimize GDMT in patients
with HF using digital pathways. This approach canlead to better man-
agement of patients with HF or, in the future, an even larger group of
patients with chronic diseases, to improve guideline adherence and
satisfaction, ultimately leading to better healthcare outcomes.
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Table 3 | Primary and secondary outcomes

Primary outcome: AGDMT score

Guideline-directed therapies Score
ACE/ARB/ARNI dose 0-1
Switch to ARNI Oor1
B-Blocker dose 0-1
MRA dose 0-1
SGLT2i dose Oor1
Iron screening and if indicated supplementation Oor1
Total GDMT score 0-6

Secondary outcomes

Analysis of time until OMT

Patient-reported time spent on healthcare during the 12-week follow-up

12-week changes in the total Kansas City Cardiomyopathy Questionnaire 12

12-week changes in NPS

Satisfaction of the clinicians with DC evaluated using the NPS

Total number of hospitalizations during the 12-week follow-up

Occurrences of eGFR<30mlmin™1.73m2during the 12-week follow-up

Occurrences of potassium>5.0 mmoll™” during the 12-week follow-up

The frequency of remote consults during the 12-week follow-up

The frequency of physical consults during the 12-week follow-up

Number of sent summaries in the intervention group during the 12-week
follow-up

The ratio is defined as used dose/recommended dose by ESC guidelines.

In summary, the ADMINISTER trial met its primary outcome of
achieving a higher AGDMT score in the DC group in 12 weeks. More-
over, a DC strategy was safe and did not lead to an increased burden
on patient-reported time spent on healthcare, QoL or satisfaction. To
our knowledge, this is the first multicenter RCT that proves thataDC
strategy is effective to achieve GDMT optimization.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butionsand competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41591-024-03238-6.
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Methods

The ADMINISTER trial was a prospective, investigator-initiated, prag-
matic, multicenter RCT to evaluate the effect of DC on GDMT optimi-
zation, safety, time spent on healthcare and quality of care. The study
was conducted at four centers in The Netherlands, with a case mix
of two academic tertiary referral centers (University Medical Center
Utrechtand Amsterdam UMC at two locations: AMC and VUmc) and two
non-academic hospitals (Cardiology Center of The Netherlands and
Red Cross Hospital). The local medical ethics committee of Amsterdam
University Medical Center issued a waiver for this study because two
routine treatments were compared (DC and usual care), and the patient
burden was limited to only two questionnaires. Theinstitutional review
boards of the University Medical Center Utrecht, Cardiology Center
of The Netherlands and Red Cross Hospital subsequently approved
the trial based on their own review and the previous approval from
the medical ethics committee of the Amsterdam University Medical
Center. This trial was conducted in accordance with the Declaration
of Helsinki and the International Conference of Harmonization Guide-
lines for Good Clinical Practice. The authors are solely responsible for
the design and execution of this study, all study analyses, the drafting
and editing of the paper and its final contents. This trial is registered
at ClinicalTrials.gov (identifier: NCT05413447).

Randomization

Patients were randomly assigned to receive DC or usual care. Rand-
omization and enrollment were performed by the investigator using
a computerized randomization tool (Castor EDC). Patients were ran-
domly assigned to a 1:1 ratio stratified by new-onset HF, established
HF status and hospital. A variable block randomization algorithm with
block sizes of two, four and six was used.

Patient selection

Patients diagnosed with HFrEF (defined as left ventricular ejection
fraction (LVEF) <40) who were older than 18 years of age from four
participating centers in The Netherlands were eligible for the study.
All different etiologies of HFrEF were included in this study because
they share similar uptitration schemes of GDMT. In this pragmatic trial,
clinicians were encouraged to refer patients with HFrEF and who had
notalready reached OMT or had contraindications for all medications
for potential participation in this study. Moreover, the research team
screened for patients on the ward and outpatient clinics for patients
with HFrEF who did not already have OMT or had contraindications for
GDMT optimization. When screening was done, all patients of partici-
patingclinicians planned for aparticular period were assessed. Patients
with HFrEF and atinitial assessment potential GDMT optimization were
thus considered for participation in this study. Researchers excluded
patients with NYHA class I (n=9), who did not understand the Dutch
language (n =3), who had anactive coronavirus 2019 (COVID-19) infec-
tion (n = 0) and who had contraindications for all medications or had
already reached maximal tolerability for GDMT optimization (n =35)
(Fig.1). All patients provided written informed consent.

Study procedures

Patients randomized to theintervention group received multifaceted
DC*®. Aresearcher digitally collected vital signs measured at home by
the patient, symptoms, information on salt and fluid intake, informa-
tion on medication and relevant laboratory results that were digitally
sent by participants in the DC group. This information was passed to
the clinicians using electronic health records. This information was
combined withtailored guideline recommendationsin one summary.
Thefollowing data were digitally transferred from patient to clinician
in this manner:

1. Pharmacotherapy use and home-measured vital signs (systolic
BP, diastolic BP, HR and weight). If the patient was not in

possession of a BP monitor, it was provided to them for the
duration of the trial. The BP monitors were validated and
recommended by the Dutch Heart Foundation. If a personal BP
monitor was used, it was checked if this BP monitor is validated
and recommended by the Dutch Heart Foundation, and, if not,
the patient was supplied with a validated BP monitor.

2. Digital questionnaires on QoL (using the Kansas City Cardio-
myopathy Questionnaire), symptoms, checked medication and
salt and fluid intake.

3. Atext-based e-learning on HF with a section on recent advances
in HF medical therapies. The text was based on patient-directed
information on https://www.heartfailurematters.org/nl.
Patients performed the BP measurements at home using
instructions from the text-based e-learning and the validated
BP monitors.

As part of the e-learning, information was given on salt and fluid
intake. Patients were firstinformed about the fluid and salt restriction
and how they can deal with their restrictions and were asked if they feel
that they can adhere to their fluid and salt restriction. The e-learning
was delivered one time to each patient via email, with an option to
revisit the e-learning any time via adedicated site or email. The text of
thee-learningis provided inthe supplementary materials. The research
staff was available for questions about these e-learning/digital at-home
measurements; the treating cardiologist was also available for ques-
tions during any upcoming remote or physical consult.

The summarizing note was a standardized format that was sys-
tematically added to the electronic health record 1 d before every
consult with a nurse or cardiologist. The investigators were not able
to measure whether thisreport was read; it wasincluded asastandard
noteto theelectronic health record. Amockup of this noteisincluded
inthe supplementary materials. All follow-up consults over a period of
12 weeks after the first consult were preferably and standardly held via
video (Microsoft Teams) or telephone (remote). Even though consults
were standardly planned as a remote consult and encouraged for all
patientsinthe DC group, clinicians were allowed to performa physical
consultifthey thought this was necessary.

If the patient was drawn into the usual care group, no alterations
were made to the usual care. Usual care varies per clinicianand institu-
tionand was left up to practice routines; however, every patient contact
wasrecorded. To optimally capture regular practice, clinicians were not
informed about the assignment of a patient to the usual care group. The
definition of patient consults is any outpatient patient-clinician con-
tact and is divided into remote consults (telephone or video contact)
andin-person contact (referred to as physical consults). These contacts
are planned ahead in all participating centers. All DCs and consults in
the usual care group were performed by cardiologists, cardiologistsin
training or HF nurses. The trial was open labeled as it wasimmediately
apparent when a patient was allocated to the DC group, and clinicians
needed to know when to use the DC strategy in the DC group.

Outcomes

The primary outcome was AGDMT score (Table 3). The AGDMT score
was calculated by dividing the received dose by the target dose accord-
ing to ESC guidelines at baseline and at study completion. The score
is directly incorporating all non-conditional recommendations for
the treatment of chronic HF from ESC guidelines without any manual
weighing factors or alteration. No other validated score was available at
thestartof thetrial. The score at study completion was subtracted from
thescore at baseline for every patient to obtain the AGDMT score. The
scoreranges per medicine between amaximumof1(correspondingto
the optimal treatment accordingto the guidelines) and a minimum of
0 (corresponding to not administering the medicine). The maximum
GDMT score per patient was 6 (all four pharmacotherapy groups con-
stituting GDMT at the target dose, aswitchto ARNIand adequateiron
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status screening and supplementation if needed). The GDMT score
thusincludes the following items:

1. ACE/angiotensin Il receptor blocker (ARB)/ARNI dose.

2. Because ARNI is recommended as a replacement for ACE, an ex-
trascore of 1is assigned for the replacement of ACE with ARNI.

. B-Blocker dose.

. MRA dose.

. SGLT2idose.

. Intravenous iron administration if the patient had iron insuffi-
ciency, defined as ferritin <100 ng ml™ or ferritin <300 ng ml™
with transferrin saturation (TSAT) < 20%. For patients with a
screening for iron deficiency no longer than 1 year ago and if
appropriate supplementation, a score of 1 was assigned.

N~ W

Valid reasons for not prescribing GDMT were determined by the
treating clinician, and a valid reason counted as 1 for the GDMT score.
Common valid reasons were:

1. Persistent systolic BP <90 mmHg (valid reason for all four
drugs). The standard operating procedure was that a patient
had too low systolic BP if the patient had two or more measure-
ments of BP < 90 mmHg (if a patient is not symptomatic)®.

2. Symptomatic hypotension.

3. eGFR<30 mImin™'1.73 m~2(valid reason for ACE/ARB/ARNI
and MRA)>

4. eGFR <20 mIlmin™1.73 m2(valid reason for SGLT2i)%

5. Potassium > 5.0 mmol I (valid reason for ACE/ARB/ARNI
and MRA)%

6. HR <60 beats per minute (valid reason for 3-blocker).

7. Allergy to a medication group.

The following secondary outcomes were collected:

1. Throughout the 12-week follow-up period of all patients, it was
monitored if the patient achieves OMT. For patients who reach
optimal pharmacotherapy, the time until OMT was analyzed.
OMT was defined as a score of 1 for every medication group.

2. Patient-reported time spent on healthcare. The following
question is asked to patients digitally via Castor EDC as part of
the questionnaires sent to the patient: ‘How much time have
you spent on your consult appointments in the past 3 months
(including travel time and preparations for your consult)?’.

3. 12-week changes in QoL were evaluated using total Kansas City
Cardiomyopathy Questionnaire 12 scores at the start and end
of the trial period via Castor EDC.

4. 12-week changes in patient satisfaction were evaluated us-
ing the NPS. Patients were asked the following question at
baseline: ‘How likely are you to recommend your current care
with regard to heart failure care to a friend or colleague with
heart failure?’ and the following question at end of the 12-week
follow-up: ‘How likely are you to recommend the care pro-
vided in this trial to a friend or colleague with heart failure?’.
The answer ranges between 1and 10 with a step size of 1and is
distributed via Castor EDC.

5. Dataon the safety of DC were acquired by reporting on
the total number of hospitalizations, occurrences of
eGFR <30 ml min™1.73 m~and occurrences of potassi-
um > 5.0 mmol ™ in the DC group versus usual care during the
12-week follow-up period.

6. Healthcare consumption was measured using the frequency
of remote consults (the number of remote consults in the DC
group versus usual care) and physical consults (the number
of physical consults in DC group versus usual care) during the
12-week follow-up period.

7. Satisfaction of the clinicians with DC evaluated using the NPS.
The following question was asked to participating clinicians at

the end of the trial: ‘How likely are you to recommend the care
provided in this trial (with digital summaries of home measure-
ments and remote consultations) to a colleague?’. The answer
ranges between 1and 10 with a step size of 1 and is distributed
via Castor EDC. The answers were classified according to the
standard classification system of a single-timepoint NPS:
promoters scored a9 or 10; passive users scored a7 or 8; and
patients who scored a 6 or lower were classified as critics. This
is the standard scoring system for a single-timepoint NPS**2,

Statistical analysis

Therequired samplesizeis calculated fromasuperiority perspective,
using the primary outcome. Division into de novo and established HF
is done because of differing reasons for potential undertreatment
and different baseline values. New onset was defined as a patient who
received the diagnosis of HFrEF fewer than3 months ago and if patients
had no or only one consult after this diagnosis. It is uncertain if the
benefit of theintervention will differ between strataandis, therefore,
assumed to be equal for all strata. According to the sample size cal-
culation in nQuery (Statsols), a sample size of 71 per arm will have a
statistical power of 80% to detect a difference in means of 0.36 (the
difference betweenagroup 1mean, y,, of 2.26 and agroup 2 mean, 1,,
of 1.9) assuming that the common standard deviation is 0.76 using a
two-group t-test with a 5% two-sided significance level. The sample size
calculationisbased on 53 patients treated for HFrEF in 2022 between 1
January 2022 and 20 March2022. Tofacilitate a 5% dropout, 150 patients
intotal were enrolled. This sample size seems feasible given the num-
ber of visiting patients with HFrEF. The treatment effect is estimated
tobea0.36increase in the primary outcome. This constitutes to one
in three patients receiving the target dosage for one medicine or one
intravenousiron administration/appropriate screening after 12 weeks
of beinginthe intervention group.

The AGDMT score was not normally distributed and is presented
as median = IQR. Between-group differences were calculated using
the Mann-Whitney U-test. The pre-specified secondary outcomes of
the number of remote and physical consults per patient were reported
asrates per consult type, and between-group differences were tested
using Poisson regression analysis or, in case of over-dispersion, nega-
tive binomial regression. Time to OMT was analyzed using a Cox pro-
portional hazards model and visualized using cumulative incidence
curves. The number of patients with an eGFR <30 mImin1.73 m?,
potassium > 5.0 mmol I or atleast one hospitalization during 12-week
follow-up were reported as counts and percentages and analyzed using
chi-square tests. Time spent on healthcare, 12-week changes in QoL
and patient and healthcare satisfaction were not normally distrib-
uted and are reported as median + IQR or mean and standard devia-
tion, ifappropriate. Between-group differences were tested using the
Mann-Whitney U-test. Healthcare satisfaction of clinicians with the
intervention was reported using the NPS. A pre-specified subgroup
analysis will be performed on the primary outcome. The covariates
used for this subgroup analysis will be as follows: eGFR greater or less
than the median, NYHA classes, new-onset or existing HF, ischemic or
non-ischemicetiologies, age eGFR greater or less than the median, the
use of nurse support and non-academic hospitals or tertiary academic
referral centers. The effect of the intervention in each pre-specified
subgroup was tested using the Mann-Whitney U-test and quantified
with the difference of the medians of the outcomes betweeninterven-
tion and control groups and with the associated Cl of this difference.
Interactions between subgroups and interventions were subsequently
tested by comparing the difference of the effects versus the pooled
standard errors using a t-test.

All primary, secondary and exploratory outcomes were
pre-specified in the statistical analysis plan or requested by reviewers
and were performed intheintention-to-treat population. The trial did
not have adatasafety managementboard, as this was considered to be
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alow-risk trial. The analysis was carried out using R version 4.3.1. All
recordkeeping was done using Castor EDC (2022.3.0.0). A two-tailed
Pvalue less than 0.05 was considered significant for all outcomes.
This trial was registered under clinical trial registration number
NCT05413447 at ClinicalTrials.gov.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Anonymized participant data can be made available upon requests
directed to the corresponding author. Proposals will be reviewed on
the basis of scientific merit, ethical review, available resources and
regulatory requirements. All requests complying with legal and ethi-
cal requirements for data sharing will be granted. Responses to such
requests can be expected within1 month. After approval of a proposal,
anonymized datawill be made available for re-use. A steering commit-
tee will have theright to review and comment on any draft papers based
on these databefore publication.

Code availability

No custom computational code or software was developed for this
study. Analyses were performed with publicly available software pack-
agesasdescribed in the Methods section.
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Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex was determined based on data registered within the EHR.

Reporting on race, ethnicity, or Data of this nature is not collected.
other socially relevant
groupings

Population characteristics Patients diagnosed with HFrEF (defined as left ventricular ejection fraction < 40) above 18 years of age from four
participating centers in the Netherlands were eligible for the study. All different etiologies of HFrEF were included in this
study since they share similar uptitration schemes of GDMT.

Recruitment In this pragmatic trial clinicians were encouraged to refer patients with HFrEF and who not already reached OMT or had
contraindications for all medications for potential participation in this study. Moreover, the research team screened for
patients on the ward and outpatient clinics for patients with HFrEF who did not already have OMT or had contraindications
for GDMT optimization. When screening was done, all patients of participating clinicians planned for a particular period were
assessed. Patients with HFrEF and at initial assessment potential GDMT optimization were thus considered for participation
in this study. Researchers excluded patients with a New York Heart Association (NYHA) class |, did not understand the Dutch
language, had an active COVID-19 infection, and who had contraindications for all medications or already reached maximal
tolerability for GDMT optimization.
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Patients who not already received OMT or had contraindications for any GDMT optimizations were considered for
participation. Compared to the CHECK-HF and TITRATE-HF registries, enrolled patients constituted a representative sample of
patients with HF with similar important baseline characteristics such as age, ischemic or non-ischemic cause of HF,
occurrence of COPD, and laboratory values. Also with regards to GDMT baseline use rates were comparable; in the CHECK-HF
84% were treated RASi, 86% with B-blockers, and 56% with MRA. SGLT2i and ARNI were not available that time. In the more
recent TITRATE-HF a total 87% were treated with ACE/ARB, 87% with B-blockers, and 76% with MRA. Furthermore, 65% was
treated with SGLT2i and 57% with ARNI. These numbers accentuate that apart from not containing patients with OMT at
baseline, the trial contains a representative sample of patients with HFrEF from the Netherlands.

Ethics oversight The local medical ethics committee of Amsterdam University Medical Center issued a waiver for this study because 2 routine
treatments were compared (DC or standard), and the patient burden was limited to only 2 questionnaires. The institutional
review boards of the University Medical Center Utrecht, Cardiology Center of the Netherlands, and Red Cross Hospital
subsequently approved the trial based on their own review and the previous approval from the medical ethics committee of
the Amsterdam University Medical Center.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size The required sample size is calculated from a superiority perspective, using the primary outcome. Division into de novo and established HF is
done because of differing reasons for potential under treatment and different baseline values. New onset was defined as a patient who
received the diagnosis of HFrEF shorter than 3 months ago and if patients only had no or 1 consult after this diagnosis. It is uncertain if the
benefit of the intervention will differ between strata, and is therefore assumed to be equal for all strata. According to the sample size
calculation in nQuery (Statsols, Los Angeles, United states of America) a sample size of 71 per arm will have a statistical power of 80% to
detect a difference in means of 0,36 (the difference between a Group 1 mean, W, of 2,26 and a Group 2 mean, W,, of 1.9) assuming that the
common standard deviation is 0,76 using a two group t-test with a 5% two-sided significance level. The sample size calculation is based on 53
patients treated for HFrEF in 2022 between 01-01-2022 and 20-03-2022. To facilitate a 5% dropout, in total 150 patients were enrolled. This
sample size seems feasible given the number of visiting patients with HFrEF. The treatment effect is estimated to be a 0.36 increase in the
primary outcome. This constitutes to 1 in 3 patients receiving the target dosage for 1 medicine or 1 intravenous iron administration/
appropriate screening after 12 weeks of being in the intervention group.

Data exclusions  Patients with a New York Heart Association (NYHA) class I, did not understand the Dutch language, had an active COVID-19 infection, and who
had contraindications for all medications or already reached maximal tolerability for GDMT optimization were excluded from participating. No
data was excluded from the analysis.
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Replication All study procedures are described in detail to make sure that the methodology of the study can be reproduced. A sensitivity analysis is




Replication performed using imputation by last observation carried forward and a complete case analysis for the missing data. These attempts at
replication resulted in the same statistical outcomes

Randomization  Patients were randomized to therapy with digital consults or standard of care, stratifying for healthcare center and HFrEF de novo, established
HF, and hospital.

Blinding Patients and investigators were not blinded to treatment allocation as it is immediately apparent when a patient is allocated to the treatment
group and clinicians need to know when to use the treatment strategy in the treatment group. Clinicians are not informed about the
assignment of a patient to the control group to optimally capture remote practice.
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration NCT05413447

Study protocol The study protocol has been included in the submission.

Randomization

Patients were randomly assigned to receive DC or usual care. Randomization was performed by the investigator using a
computerized randomization tool (Castor EDC). Patients were randomly assigned to a 1:1 ratio stratified by new onset HF,
established HF status and by hospital. A variable block randomization algorithm with block sizes of 2, 4 and 6 was used.

Patients randomized to the intervention group received multifaceted DC.44 A researcher collected at home measured vital signs,
symptoms, information on salt & fluid intake, information on medication, and relevant laboratory results digitally and passed all this
information to the medical professionals using electronic health records. This information was combined with tailored guideline
recommendations in one summary. The following data were digitally transferred from patient to clinician:

1. Pharmacotherapy use and home-measured vital signs (systolic BP, diastolic BP, heart rate, and weight). If the patient was not in
possession of a BP monitor, it was provided to them for the duration of the trial. The BP monitors were validated and recommended
by the Dutch heart foundation. If a personal BP monitor was used, it was checked if this BP monitor is validated and recommended
by the Dutch heart foundation, and if not the patient was supplied with a validated BP monitor.

2. Digital questionnaires on QoL (using the Kansas City Cardiomyopathy Questionnaire), symptoms, checked medication, and salt &
fluid intake.

3. A text-based e-learning on HF with a section on recent advances in HF medical therapies. The text was based on patient directed
information on https://www.heartfailurematters.org/nl. Patients performed the BP measurements at home using instructions from
the text-based elLearning and the validated BP monitors.

As part of the e-learning information was given on salt and fluid intake. Patients were first informed about the fluid and salt
restriction, how they can deal with their restrictions and asked if they feel that they can adhere to their fluid and salt restriction. The
elearning was delivered 1 time to each patient via email, with an option to revisit the elearning any time via a dedicated site or email.
The text of the eLearning is provided in the supplementary materials.

The summarizing note was a standardized format that was systematically added to the electronic health record 1 day prior to every
consult with a nurse or cardiologist. The investigators were not able to measure whether this report was read; it was included as a
standard note to the electronic health record. A mockup of this note is included in the supplementary materials. All follow-up
consults over a period of 12 weeks after the first consult were preferably and standardly held via video (Microsoft Teams, Redmond
Washington) or telephone (remote). Even though consults were standardly planned in as a remote consult and encouraged for all
patients in the DC group, clinicians were allowed to perform physical consult if they thought this was necessary.

If the patient was drawn into the usual care group, no alterations were made to the usual care. The trial was open labeled as it was
immediately apparent when a patient was allocated to the DC group and clinicians needed to know when to use the DC strategy in
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Data collection

Outcomes

Plants

the DC group. Clinicians were not informed about the assignment of a patient to the usual care group to optimally capture regular
practice.

Record keeping, data collection and regruitement was performed between 22 September 2022 and 4 June 2024. All record keeping
and data collection was performed at the Amsterdam University Medical Center. Data collection was done from the electronic health
records and by responses from digital text-based questionnaires from Castor EDC. Electronic record keeping was done using Castor
EDC (2022.3.0.0).

Primary:
Change in GDMT score determined using the EHR and captured in Castor EDC

Secondary:

Time till and number of full GDMT optimizations, determined from the electronic health record (EHR)

Self reported time spent on healthcare during the study period. This is assessed from Castor EDC a questionnaire sent to the patient.
The difference in QoL using Kansas City Cardiomyopathy Questionnaire.

Self reported satisfaction of the patient evaluated with the Net Promoter Score (NPS). To determine this score, the patient is asked to
fill in a score (1-10) indicating the likelihood that he or she will recommend the provided healthcare to a friend or colleague. The -
NPS is distributed via Castor EDC as part a questionnaire sent to the patient.

Self reported satisfaction of the clinicians participating in this trial is evaluated with the NPS. To determine this score, the clinician is
asked to fill in a score (1-10) indicating how likely it is that he or she will recommend the currently provided healthcare to a
colleague. Castor EDC will be used to distribute the questionnaires to the participating cardiologists and HF nurses.

Data on the safety of DC are acquired by reporting hospitalizations during the trial period, decreases of eGFR below 30 and
hypokalaemia > 5.0 mmol/L. This is determined from the EHR.

The healthcare consumption including the frequency of remote consults and physical consults will be recorded using the EHR.

Exploratory:

Subgroup analysis in the form of covariate comparisons will be performed on the primary endpoint.

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Describe-any-authentication procedures for-each seed stock-used-or novel-genotype generated. Describe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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