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Abstract

Background: Traditional approaches to guideline-directed medical therapy (GDMT)
management often lead to delayed initiation and titration of therapies in heart failure. This study
sought to characterize alternative models of care involving non-physician provider-led GDMT
interventions and their associations with therapy utilization and clinical outcomes.

Methods: We performed a systematic review and meta-analysis of randomized controlled trials
(RCT) and observational studies comparing non-physician provider-led GDMT initiation and/or
uptitration interventions versus usual physician care (PROSPERO ID: CRD42022334661). We
queried PubMed, Embase, the Cochrane Library, and the World Health Organization International
Clinical Trial Registry Platform for peer-reviewed studies from database inception to July 31,
2022. In the meta-analysis, we used RCT data only and leveraged random-effects models to
estimate pooled outcomes. Primary outcomes were GDMT initiation and titration to target doses
by therapeutic class. Secondary outcomes included all-cause mortality and HF hospitalizations.

Results: 33 studies were reviewed, of which 17 (52%) were randomized controlled trials

with median follow-up of 6 months. 14 (82%) trials evaluated nurse interventions, while the
remainder assessed pharmacist interventions. The primary analysis pooled data from 16 RCTSs,
which enrolled 5,268 patients. Pooled risk ratios (RR) for RASI and BB initiation were 2.09
(95% CI 1.05-4.16; /°=68%) and 1.91 (95% CI 1.35-2.70; /2=37%), respectively. Outcomes were
similar for uptitration of RASI (RR 1.99, 95% ClI 1.24-3.20; 12=77%) and BB (RR 2.22, 95% CI
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1.29-3.83; 12=66%). No association was found with MRA initiation (RR 1.01, 95% CI 0.47-2.19).
There were lower rates of mortality (RR 0.82, 95% CI 0.67-1.04; 12=12%) and HF hospitalization
(RR 0.80, 95% CI 0.63-1.01; 12=25%) across intervention arms, but these differences were

small and not statistically significant. Prediction intervals were wide due to moderate-to-high
heterogeneity across trial populations and interventions. Subgroup analyses by provider type did
not show significant effect modification.

Conclusions and Relevance: Pharmacist- and nurse-led interventions for GDMT initiation
and/or uptitration improved guideline concordance. Further research evaluating newer therapies
and titration strategies integrated with pharmacist- and/or nurse-based care may be valuable.

Graphical abstract
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Conclusion Pharmacist- and nurse-led interventions for initiating and optimizing GDMT significantly improved
HF guideline concordance and may lead to improved clinical outcomes.

Lay Summary:

Several beneficial medicines are now available for patients with heart failure. However, many
patients are currently not receiving these medications or taking lower-than-ideal doses. In this
study, researchers reviewed published articles on initiatives led by nurses and pharmacists to start
and adjust medical treatment for heart failure. Patients with heart failure who participated in these
programs were more likely to receive recommended medications than patients who saw their
usual physician. These patients also had fewer deaths and hospitalizations for heart failure. Health
systems can use this information to create similar programs to help patients with heart failure
receive optimal treatment in a timely manner.

Keywords
Heart failure; guideline-directed medical therapys; titration; pharmacist; nurse

Introduction

The management of heart failure with reduced ejection fraction (HFrEF) has progressed
remarkably over several decades. The latest clinical practice guidelines support the timely
initiation and optimization of guideline-directed medical therapy (GDMT) consisting of a
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renin-angiotensin system inhibitor (RASI), beta-blocker (BB), mineralocorticoid receptor
antagonist (MRA), and sodium-glucose co-transporter 2 inhibitor (SGLT21).1 Despite these
advancements, epidemiological studies reveal steadily climbing risk of hospitalization and
mortality for patients with heart failure.23 Inadequate uptake of GDMT represents an
important driver of suboptimal cardiovascular outcomes. Moreover, longitudinal analyses
of outpatient registries have demonstrated limited improvement in GDMT prescribing and
dose achievement in recent years.4~" This critical gap stresses the urgent need for alternative
models of care.

Traditional paradigms of GDMT management usually involve sequential titration of each
therapeutic class through intermittent outpatient visits with a primary care physician

or cardiologist. At best, this process can take 6-12 months, twice the recommended
timeline advocated by the American College of Cardiology Expert Consensus Pathways.8
Furthermore, optimal and timely uptitration rarely occurs in usual care.®10 There has

been emerging interest in leveraging non-physician healthcare professionals to facilitate
HFrEF management. Prior reviews have examined a broad range of interventions, including
nurse-directed patient education, pharmacy medication reconciliation, and multidisciplinary
care.11-13 However, the evidence around interventions focusing on GDMT initiation and/or
uptitration by non-physician providers remains unclear.

In this systematic review and meta-analysis, we aimed to characterize the impact of non-
physician provider-led interventions on GDMT initiation and target dose optimization
across randomized controlled trials (RCT) and non-randomized observational studies

in heart failure. Our study also explored clinical outcomes of all-cause mortality and

HF hospitalization and subgroup effects to assess possible heterogeneity among study
interventions.

This study was conducted in accordance with the Cochrane methodology?# and reported
according to the Preferred Reporting of Systematic Reviews and Meta-Analysis statement
(supplementary Table S1).15 Our protocol was registered on the International Prospective
Register of Systematic Reviews (PROSPERO; ID: CRD42022334661).16 The Stanford
Institutional Review Board granted a waiver of patient informed consent based on minimal
risk for collecting and synthesizing nonidentifiable data from published studies.

Search Strategy

We systematically searched PubMed, Embase, and the Cochrane Library database and
identified key studies investigating GDMT management approaches in heart failure led
by non-physician healthcare professionals published from database inception to July 31,
2022. The search queries used are outlined in supplementary Table S2. We additionally
searched the World Health Organization International Clinical Trial Registry Platform and
ClinicalTrials.gov (searched August 1, 2022). Reference lists from relevant studies and
systematic reviews were extracted manually.
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Eligibility Criteria

Outcomes

Randomized controlled trials and non-randomized observational studies were considered if
they included adult patients with HFrEF, defined as EF<40%, and evaluated the effectiveness
of an intervention related to GDMT management compared with usual care. Usual care was
defined as inpatient or outpatient follow-up by a clinician or medical team without active
titration of GDMT by a non-physician healthcare professional (e.g., nurse, pharmacist).

For inclusion, study interventions had to feature a non-physician provider either proposing
GDMT recommendations to the primary clinician or prescribing GDMT independently or
under physician supervision. Interventions solely focused on patient education, counseling,
or medication reconciliation were excluded.

Full-length articles and brief reports presenting original data were considered eligible.
Reviews, meta-analyses, and editorials were excluded from analysis, but their reference
lists were extracted during publication screening. Other exclusion criteria included: 1) lack
of a control group; 2) interventions only involving diuretic adjustment; 3) studies without
a medication titration protocol; 4) absence of outcomes for patients with left ventricular
systolic dysfunction specifically; and 5) secondary or post-hoc analyses.

Primary outcomes of interest included the proportion of patients newly initiated on

GDMT and the proportion of patients uptitrated to target doses of GDMT, stratified

by therapeutic class. Secondary outcomes included clinical endpoints: all-cause mortality
and HF hospitalizations. GDMT was defined as angiotensin-converting enzyme inhibitor/
angiotensin Il receptor blocker/angiotensin receptor-neprilysin inhibitor (ACEI/ARB/ARNI
or RASI), BB, MRA, and SGLT2I. Outcomes related to GDMT management were only
collected for therapeutic classes detailed in study-specific titration protocols.

Data Extraction and Risk of Bias Assessment

Two independent reviewers performed a manual screen of studies based on inclusion

and exclusion criteria. Relevant information from eligible studies was obtained: author,

date of publication, country, setting (e.g., hospital, clinic, home, telephone), target patient
population, sample size, intervention and control arms, titration protocol, length of follow
up, and outcomes. Studies were required to report at least one of the primary or secondary
outcomes for meta-analysis. Outcomes at 6 and 12 months of follow-up were collected and
aggregated. Where outcomes data were missing or incomplete from included studies, the
reviewers planned to contact the respective corresponding authors via email. For all included
studies, data required for meta-analysis were directly accessible from the published articles.

Risk of bias was assessed for meta-analyzed RCTs and non-randomized studies using

the Cochrane risk of bias tool 2.017 and the Risk Of Bias In Non-randomized Studies—

of Interventions tool'8, respectively. Disagreements between reviewers were resolved by
consensus or by arbitration by a third reviewer when necessary. Publication bias due to
small-study effects was also evaluated using an inverted funnel plot as well as Egger’s test
for outcomes with at least 10 studies.1?
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Primary and Secondary Analyses

Results

Risk ratios (RR) were computed for the primary and secondary outcomes by pooling

binary outcome data using pre-specified random-effects models to account for between-
study heterogeneity. Test statistics and confidence intervals (CI) were adjusted using

the Hartung-Knapp-Sidik-Jonkman approach.2? We estimated between-study variance (%)
using the restricted maximum-likelihood estimator based on simulation studies comparing
performance across multiple methods.2! We described statistical heterogeneity with the /2
statistic.22 We also reported prediction intervals, which present heterogeneity on the same
scale as the outcomes. Prediction intervals are useful for estimating the variability of the
intervention effect over different settings across similar studies. Cases of zero events in one
arm were adjusted by adding the reciprocal of the size of the contrasting arm.1# Studies with
zero events in both arms were given no weight in pooling estimates. To account for these
studies, we also computed the risk difference between arms for each outcome as a secondary
approach.

The primary meta-analysis only included RCTs to minimize potential confounding.
Subgroup analyses to evaluate heterogeneity by provider type (pharmacist versus nurse)

and care setting (inpatient versus outpatient) were pre-specified. We explored pooling

RCTs and non-randomized studies at low risk of bias and the use of alternative meta-
analytic approaches, including the DerSimonian-Laird and Sidik-Jonkman 72 estimators and
Mantel-Haenszel random-effects method, in pre-specified sensitivity analyses.23 A post-hoc
exploratory analysis excluding trials with fewer than 50 subjects per arm was conducted.
Meta-analyses were performed using R version 4.1.2 and the meta (v5.1-1)24 and robvis
(v0.3.0)% packages. Statistical tests were 2-sided and used a significance threshold of
P<0.05.

Study Characteristics

Our search identified 78 RCTs and non-randomized studies, 33 of which were deemed
eligible for review (supplementary Figure S1 and Table S3). Study-level characteristics

are summarized in Table 1. The median sample sizes were 93 (range: 12-1,090) and 97
(12-1,156) for the intervention and usual care arms, respectively. Median follow-up time was
6 months (range: 1-24 months). Included studies spanned most major continents except for
South America, with the majority (21, 64%) conducted in North America.

17 (52%) studies were randomized controlled trials (Table 2).26-42 Among these studies,
12 (71%) had inclusion criteria specifying EF restrictions, but thresholds varied between
40 and 50%.26:27.29-32,34-36,39,40.42 4 (24%)) selected for more symptomatic patients based
on New York Heart Association (NYHA) class.29:34:39.41 Most RCTs (14, 82%) evaluated
interventions involving specialist heart failure nurses or nurse practitioners,26-30.32-36,39-42
while the remainder evaluated pharmacist-led interventions.31:37:38 7 (41%) featured non-
physician healthcare professionals with an expanded, autonomous scope of practice for
prescribing GDMT.27:29.32,35,37.39.42 syal care varied across RCTs, with a majority
defining the control arm as primary care (8, 47%)26:29.30.33,34.37.41.42 or 5 mix of primary
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and cardiologist care (4, 24%).27:32:35.38 Although none of the RCTs were conducted
exclusively in the inpatient setting, 4 (24%) studied transitional interventions beginning
during a HF admission followed by outpatient post-discharge care,32:35:36:42 whereas the
remainder focused exclusively on outpatient interventions. ACEI/ARB (13, 76%) and BB
(15, 88%) were well-represented across RCT titration protocols compared with MRA (5,
29%), hydralazine/nitrates (3, 18%), and ARNI (1, 6%). Prescribing of MRA was restricted
in the following ways: NYHA class 111-1V patients in 3 out of 5 studies,32:3342 only

if persistently symptomatic on RASI and BB therapy in 1 study,25 and only after full
uptitration of ACEI/ARB therapy in another study.3® No RCT included digoxin initiation,
but one study mentioned avoiding digoxin toxicity as part of its protocol.31 Of the 7 (41%)
studies reporting safety outcomes, 5 found no significant differences in adverse events
between arms,27-29:31.39 whereas 2 found higher rates of severe adverse events such as
hospitalization for renal dysfunction in the control arm.3%:37 Summaries of trial intervention
protocols and cohort characteristics may be found in supplementary Table S4 and S5,
respectively.

We also reviewed 16 (48%) non-randomized observational studies (supplementary Table
$6).43-58 All but one analysis (15, 94%) focused on pharmacist-led interventions.*® More
observational studies included cardiologist care in the control arm compared with RCTs
(63% versus 35%).44:48.52.54.57 Other important differences from RCTs included median
publication year (2019 [2010-2022] versus 2006 [1999-2020]); inclusion of ARNI (31%
versus 6%), MRA (56% versus 29%), and hydralazine/nitrates (31% versus 18%); and
inpatient interventions (38% versus 0%),7045:46.48.50,56,57 regpectively.

Among all RCTs and non-randomized studies, the location and modality of interventions
varied. Interventions were administered across integrated health care systems in 8 (24%)
studies: 7 at Veterans Affairs (VA) medical centers27:38:46.51-53,55 and 1 at a safety-net
hospital.3® In 10 (30%) studies, the intervention was delivered partly or completely through
telephone follow-up,30-32:34-36,40.47,52,55 2 (§04) studies evaluated home visits as part of
their interventions.#2:49 One study predominantly included Black men at a VA medical
center.53 Another study focused exclusively on older residents at long-term acute care
facilities.33

Risk-of-bias assessments weighted by study sample size are shown in supplementary Figure
S2. Most RCTs were judged to be at low risk of bias. We identified some concern for bias
from the randomization process and from missing outcome data. One trial had a high overall
risk of bias given significant deviation from usual care for unknown reasons.2® Several
non-randomized studies carried higher risk of bias due to serious or critical concerns of
confounding. Justifications for risk-of-bias assessments are shown in supplementary Figures
S3 and S4. Funnel plots are displayed for each endpoint in supplementary Figure S5.

Based on visual inspection, asymmetry is most notable for the RASI initiation and HF
hospitalization endpoints. At least 10 studies were pooled for the BB initiation, all-cause
mortality, and HF hospitalization endpoints. Eggers’ test found insufficient evidence of
small-study effects for BB initiation (6=0.39, 95% CI —-1.21-1.99; £0.50, P=0.64) and
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all-cause mortality (6=—0.593, 95% CI -1.25-0.06; £=-1.774, P=0.10) but was significant
for HF hospitalization (6=-1.128, 95% CI —1.98 to —0.28; £=-2.592, P=0.03).

Primary Analysis

For the main meta-analysis, we pooled 16 RCTs, which enrolled 5,268 patients and reported
relevant data for primary and secondary outcome assessment. Among previously untreated
patients, there was a median increase in RASI use of 45.8% (interquartile range [IQR]
29.8-66.7%) across intervention arms compared with 11.8% (IQR 7.1-18.1%) across usual
care arms. As shown in Figure 1, pooling yielded a summary RR for RASI initiation

of 2.09 (95% CI 1.05-4.16) with high heterogeneity across studies (2=68%, P=0.002).
Similarly, median BB initiation rates were 38.9% (IQR 16.6-69.5%) across intervention
arms and 17.7% (IQR 9.3-28.6%) across usual care arms, corresponding to a summary RR
of 1.91 (95% CI 1.35-2.70) with moderate heterogeneity (2=37%, P=0.12). In contrast,
median rates of MRA initiation were nearly equivalent between comparator arms (12.5%
for intervention versus 12.4% for usual care), reflecting a summary RR of 1.01 (95%

Cl 0.47-2.19) with moderate heterogeneity (2=31%, P=0.23). 95% prediction intervals
for RASI and MRA initiation overlapped with the null. The estimated probabilities that
the effect of the intervention on RASI, BB, and MRA initiation in a new study would

be beneficial or greater than the null equaled 83.0%, 97.3%, and 50.9%, based on t-
distributions with 7, 8, and 3 degrees of freedom, respectively.

Outcomes were similar for the uptitration endpoints. Among treated patients, rates of RASI
uptitration to target doses were 36.7% (IQR 30.1-52.8%) across intervention arms and
17.0% (IQR 10.2-42.2%) across usual care arms. As shown in Figure 2, this corresponded to
a pooled RR of 1.99 (95% CI 1.24-3.20; A=77%, P<0.001). Rates of BB uptitration to target
doses were 27.5% (IQR 6.8%-50.8%) across intervention arms and 12.2% (4.3-26.3%)
across usual care arms, corresponding to a summary RR of 2.22 (95% CI 1.29-3.83;
P=66%; P=0.007). Meta-analysis of MRA uptitration could not be performed as only 2
studies reported dose optimization outcomes.*>47 Based on the prediction intervals, the
estimated probabilities that the effect of the intervention on RASI and BB uptitration in a
new study would be beneficial were 90.7% and 90.9%, based on t-distributions with 5 and 8
degrees of freedom, respectively.

We also assessed associations between study interventions and clinical endpoints (Figure

3). The summary RR for all-cause mortality was 0.81 (95% CI 0.64-1.04) with low
heterogeneity (2=12%, P=0.32). Similarly, the summary RR for HF hospitalization was
0.80 (95% CI 0.63-1.01) with moderate heterogeneity (2=25%, P=0.22). The estimated
probabilities that the effect of the intervention on mortality and HF hospitalizations in a new
study would be beneficial were 80.0% and 94.7%, based on t-distributions with 14 and 8
degrees of freedom, respectively.

Secondary Analyses

The pre-specified subgroup analyses did not show effect modification (supplementary
Table S7). Pharmacist- and nurse-led interventions resulted in similar associations with
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both GDMT and clinical endpoints. Care setting (inpatient versus outpatient) could not be
analyzed given none of the RCTs were conducted primarily in an inpatient setting (Table 1).

There were 3 studies with zero events in both arms for select outcomes.26:33:36 T
incorporate these studies into pooled estimates, we computed risk differences (e.g., the
differences in proportions) between arms for these endpoints. As shown in supplementary
Figure S6, mean risk differences were 0.26 (95% CI —0.01-0.53) for RASI initiation, 0.17
(95% C1 0.05-0.29) for RASI uptitration, 0.21 (95% CI 0.05-0.36) for BB initiation, 0.14
(95% C1 0.01-0.27) for BB uptitration, and —0.00 (95% CI —0.05-0.04) for MRA initiation.
We additionally observed small risk differences of —0.02 (95% CI —0.04 to 0.00) for all-
cause mortality and —0.04 (95% CI —0.07 to —0.01) for HF hospitalization.

Pre-specified sensitivity analyses were conducted to evaluate only those studies at low risk
of bias and the use of alternative meta-analytic approaches. Associations between study
interventions and outcomes were largely consistent with the main analysis in both magnitude
and direction. There were 10 RCTs and 3 non-randomized studies judged to be at low risk
of bias. Pooling these studies resulted in RRs of 0.70 (95% CI 0.47-1.05) for all-cause
mortality and 0.78 (95% CI 0.50-1.23) for HF hospitalization. There was minimal variability
across meta-analytic methods and variance estimators (supplementary Table S8). We also
conducted a post-hoc exploratory analysis restricted to RCTs with greater than 50 subjects in
each arm. 4 RCTs were excluded.?8:33:35:42 pooled GDMT and clinical outcome RRs were
similar to those of the main analysis.

Discussion

This systematic review found that non-physician based GDMT interventions were led
primarily by specialist heart failure nurses or pharmacists. Practice arrangements ranged
from completely autonomous prescribing of GDMT to supervised patient care under
physicians. Reviewed RCTs featured pragmatic protocols that specified the initiation and/or
uptitration of select GDMT classes, of which RASI and BB were most represented, but the
exact steps of GDMT optimization were left to the discretion of the treating clinician. Given
the narrow focus of our review, we conducted a meta-analysis of the RCTs reporting therapy
prescription outcomes. Meta-analysis of 16 RCTs, which enrolled 5,268 patients, found
significantly increased initiation and dose optimization of RASI and BB across pharmacist-
and nurse-led GDMT interventions. We also observed small reductions in all-cause mortality
and HF hospitalization after median follow-up of 6 months. Our results were robust to
sensitivity analyses concerning risk of bias and meta-analytic methods. These findings
support the potential impact of pharmacist- and nurse-led interventions on maximizing
GDMT uptake among patients with HFrEF.

Traditional approaches to GDMT management have been unsuccessful in achieving
widespread adoption of optimal therapy.*-8 Sequential titration to target doses across
sporadic outpatient visits can take upwards of 12 months under ideal conditions, assuming
therapeutic optimization remains a priority for both clinicians and patients at every visit.>
Pharmacist- and nurse-led GDMT interventions offer distinct advantages to overcome

the inertia seen in conventional practice. Higher-frequency visits focused on a singular
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therapeutic goal facilitate incremental opportunities to optimize GDMT over usual care. The
delivery of health services may also be customized to meet patient needs, such as home
visits for nursing facility residents or telehealth for those living remotely.%0 These benefits
underscore the value of high-touch pharmacist- and nurse-based care in minimizing barriers
to optimal HF management.

The lack of association between study interventions and MRA initiation deserves mention.
Data for MRA endpoints were sparse, resulting in increased uncertainty around this
endpoint. Of the studies included for meta-analysis, MRA was generally reserved for
persistently symptomatic (e.g., NYHA Class I11-1V) patients or those who had already
completed titration of other GDMT classes.26:32:33:39.42 This likely restricted utilization of
MRA compared with other therapeutic classes. Approaches involving sequential titration
of GDMT often result in therapeutic inertia and undertreatment due to clinician hesitation
to uptitrate medications when patients are “stable” and fear of increasing adverse effects.
Medications such as MRA may be disproportionately affected in sequential strategies due
to their side effect profiles. A mixed-methods study identified provider-level factors as key
barriers to MRA adoption, including inexperience prescribing MRA and requisite safety
monitoring to prevent hyperkalemia, particularly among non-cardiologist providers.51 The
role of pharmacist- and nurse-led interventions in enhancing MRA utilization requires
additional research, especially given consistently suboptimal MRA treatment rates across
large outpatient registries.-6

Our study addressed several gaps in the literature. First, prior meta-analyses included a
wide range of study interventions without necessarily focusing on GDMT management.11.13
Koshman et al. (2008)!! and Parajuli et al. (2019)13 each focused on pharmacist care

of patients with heart failure, but study interventions primarily addressed educational
counseling, lifestyle modifications, and self-care behaviors; fewer than half of the included
studies involved active modification of HF medications, and neither meta-analysis reported
new prescription or dose achievement endpoints. For our systematic review, we specifically
narrowed our search to studies focused on GDMT titration to facilitate interpretation of
pooled outcomes. Second, our analysis includes interventions involving any type of non-
physician healthcare professional. Previous studies have focused on either pharmacistsl1:13
or nurses, 12 limiting their generalizability. A meta-analysis by Driscoll et al. (2016)12 only
included RCTs investigating nurse-led GDMT interventions up to December 2014. Due

to the limited number and size of RCTs included, the proportion of participants reaching
maximal dose of GDMT could only be pooled for BB with a low quality of evidence.

In our study, inclusion of more recent RCTs and pharmacist-led interventions enabled meta-
analysis of other GDMT initiation and titration endpoints and more robust clinical outcomes
assessment. Furthermore, we found minimal heterogeneity across GDMT outcomes between
pharmacist- and nurse-led interventions, which suggests healthcare systems may have more
flexibility when allocating resources for program implementation. Finally, we uniquely
reviewed non-randomized comparative effectiveness studies in addition to RCTs. While
randomization remains the gold standard of clinical investigation, high-quality observational
research is frequently excluded a priori from meta-analyses.2 To mitigate concern for
confounding, we pooled non-randomized study effects only as a secondary analysis and
restricted to studies with low risk of bias in a sensitivity analysis.
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Our findings should be interpreted in the context of several limitations. First, high
heterogeneity was observed across several therapy prescription endpoints. For select studies,
the pattern of effect sizes across GDMT outcomes suggests contribution from patient-level
factors. In the ETIFIC (Enfermera Titula Farmacos en Insuficiencia Cardiaca) study, 77-97%
of patients were already on GDMT at baseline.3° While the intervention protocol included
instructions for both therapy initiation and titration, the main outcomes of the trial were the
mean doses achieved across therapies, indicating stronger emphasis on GDMT optimization.
Accordingly, the intervention effects were substantially larger for GDMT uptitration than
for initiation. Another trial studied nurse-based home care for long-term care facility
residents, in which the average age was 84 years and no exclusions were made based

on frailty.33 Although the intervention led to increased GDMT initiation, achievement of
optimal doses was limited in the setting of comorbidities and adverse effects. In contrast,
the Interdisciplinary Network for Heart Failure study found significant increases across
most therapy prescription endpoints.32 This trial featured a relatively young cohort (average
age of 66 years) with low comorbidity burden. Heterogeneity across interventions and
populations deserves further investigation to identify the conditions necessary for successful
implementation of nurse- and pharmacist-led GDMT interventions.

Second, visual inspection of funnel plots identified possible asymmetry in a couple
endpoints, suggesting presence of small-study effects. One possible explanation is
publication bias, since this study did not include unpublished or gray literature. Therefore,
endpoints in which small-study effects are most prominent (i.e., RASI initiation, HF
hospitalization) should be interpreted with caution, as the pooled outcomes may be
overestimated. Third, few studies included management of ARNI and SGLT21,394% and
only 1 study protocol explicitly incorporated upfront simultaneous initiation of quadruple
therapy in the intervention arm.#> Future implementation studies should integrate newer
strategies for rapid sequence initiation and titration of GDMT incorporating all four
therapeutic classes.®3 Fourth, there is likely insufficient power to detect significant
reductions in mortality or hospitalization endpoints given the relatively short follow-up
across studies. However, the improved utilization of therapies recommended by guidelines
for significant survival benefit and quality-of-life improvement should be sufficient to justify
implementation efforts. Fifth, we defined a limited set of outcomes in our analysis, which
excluded quality of life, change in ejection fraction, and medication adherence. These were
noted during systematic review (Table 2 and supplementary Table S6) but deserve dedicated
investigation. Finally, the small number of trials in select subgroup comparisons may limit
the validity of statistical testing in those analyses.

Conclusion

Pharmacist- and nurse-led GDMT interventions were associated with significantly improved
RASI and BB initiation and titration to target doses. Lower pooled rates of mortality and HF
hospitalization were also observed for the intervention arm, though these effects were small

and not statistically significant. Collaboration with experienced pharmacists and/or nurses to
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facilitate GDMT optimization may enhance guideline concordance and subsequent patient
outcomes.
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RASI Initiation Intervention
Study Events Total
Oyanguren et al,*® 2021 6 9
Ekman et al,** 2003 21 42
Lowrie et al,>’ 2012 39 131
Sisk et al,*® 2006 11 39
Guder et al,* 2015 11 24
Gattis et al,*' 1999 6 14
Agvall et al,*® 2013 17 17
Hancock et al,*® 2012 6 9
Laramee et al,*® 2003 0 20
Random effects model 305

Prediction interval

Heterogeneity: I* = 68%, t° = 0.40, p = 0.002

Test for overall effect: p=0.04

BB Initiation Intervention
Study Events Total
Sisk et al,*® 2006 19 104
Oyanguren et al,*® 2021 4 5
Lowrie et al,¥” 2012 50 388
Hancock et al,*® 2012 3 7
Agvall et al,? 2013 4 25
Kraniz et al,*® 2008 25 26
Ansari et al,*’ 2003 22 36
Guder et al,** 2015 34 47
Thompson et al,*® 2005 15 43
Laramee et al,*® 2003 0 50
Random effects model 731

Prediction interval
Heterogeneity: I° = 37%, ©° = 0.05, p = 0.12
Test for overall effect: p = 0.003

MRA Initiation Intervention
Study Events Total
Guder et a,** 2015 15 181
Oyanguren et al,* 2021 15 42
Thompson et al,*® 2005 16 58
Hancock et al,.* 2012 2 16
Agvall et al,?® 2013 0 65
Random effects model 362

Prediction interval
Heterogeneity: 2= 31%, 1 = 0.07, p=0.23
Test for overall effect: p = 0.96
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directed medical therapy by therapeutic class. The Hartung-Knapp-Sidik-Jonkman approach
was used to adjust confidence intervals and test statistics. Heterogeneity (z£) was estimated
using the restricted maximum-likelihood variance estimator and described by / statistic.
Statistical testing for overall effect and corresponding p-values are presented. Square size

is proportional to the weight of each study. Horizontal lines indicate the 95% CI of each
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study. The diamond represents the pooled estimate with 95% CI. The red line represents the
prediction interval, which accounts for heterogeneity in intervention effects across different
settings. Abbreviation: BB, beta-blocker; RASI, renin-angiotensin system inhibitor; MRA,
mineralocorticoid receptor antagonist; RR, risk ratio.
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Figure 2.
Random-effects Meta-analysis for Uptitration of Guideline-directed Medical Therapy

Forest plots for random-effects meta-analysis are shown for the titration of guideline-
directed medical therapy to target dose by therapeutic class. Only endpoints with sufficient
data for pooling study-level effects are shown. The Hartung-Knapp-Sidik-Jonkman approach
was used to adjust confidence intervals and test statistics. Heterogeneity (z£) was estimated
using the restricted maximum-likelihood variance estimator and described by / statistic.
Statistical testing for overall effect and corresponding p-values are presented. Square size

is proportional to the weight of each study. Horizontal lines indicate the 95% CI of each
study. The diamond represents the pooled estimate with 95% CI. The red line represents the
prediction interval, which accounts for heterogeneity in intervention effects across different
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Guder et al,** 2015 98 267 24 283 i ———— 4.33 (2.86-6.55) 17.8%
Laramee et al,*® 2003 0 34 0 34 0.0%
Random effects model 944 906 _ 1.99 (1.24-3.20) 100.0%
Prediction interval (0.62-6.41)
Heterogeneity: /2 = 77%, v2 = 0.14, p < 0.001 ! ' :
Test for overall effect: p =0.01 0.2 05 1 2 5

Favors Usual Care Favors Intervention

BB Uptitration Intervention  Usual Care
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Hancock et al,*® 2012 3 12 2 7 : 0.88 (0.19-4.03) 6.1%
McCarren et al,*® 2013 6 122 4 98 — 1.20 (0.35-4.15) 8.2%
Lowrie et al,*” 2012 38 514 22 497 — 1.67 (1.00-2.78) 18.3%
Oyanguren et al,*° 2021 70 144 37 145 —. 1.91 (1.38-2.64) 21.6%
Driscoll et al,?® 2014 9 11 5 12 —8— 1.96 (0.95-4.05) 14.6%
Ansari et al,*’ 2003 23 40 5 26 —=—— 299 (1.30-6.87) 13.0%
Guder et al,*? 2015 90 301 15 290 i ———— 578 (3.43-9.75) 18.1%
Laramee et al,*® 2003 0 6t 0 52 0.0%
Random effects model 1205 1127 —— 2.22 (1.29-3.83) 100.0%
Prediction interval (0.61-8.07)
Heterogeneity: 12 = 66%, 1° = 0.20, p = 0.007 ! ' ! !
Test for overall effect: p =0.01 0.2 05 1 2 5
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settings. Abbreviation: BB, beta-blocker; RASI, renin-angiotensin system inhibitor; RR, risk
ratio.
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All-Cause Mortality Intervention
Study Events Total
Krantz et al,*® 2008 0 a2
Stromberg et al,*' 2003 7 52
Kasper et al,** 2002 7 102
Thompson et al,*? 2005 5 58
Gattis et al,>' 1999 3 90
Guder et al,*® 2015 32 352
Ansari et al,?” 2003 5 54
Oyanguren et al,* 2021 3 144
Agvall et al, ¢ 2013 4 79
Laramee et al,*® 2003 13 141
Sisk et al,*° 2006 22 203
Lowrie et a|,37 2012 337 1090
Ekman et al,?® 2003 18 70
Hancock et al,*® 2012 2 16
Driscoll et al,?® 2014 1 12
Random effects model 2495

Prediction interval
Heterogeneity: 12 = 12%, v° = 0.04, p = 0.32
Test for overall effect: p =0.09

HF Hospitalization Intervention
Study Events Total
Gattis et al,*' 1999 190
Oyanguren et al,*® 2021 1 144
Driscoll et al,?® 2014 0 12
Sisk et al,“° 2006 18 203
Kasper et al,** 2002 26 102
Guder et al,*2 2015 36 352
Laramee et al,*® 2003 18 131
Lowrie et al,*” 2012 107 1090
Ansari et al,?’ 2003 5 54
Hancock et al,*® 2012 0 14
Random effects model 2192

Prediction interval
Heterogeneity: % = 25%, ©° <0.01, p = 0.22
Test for overall effect: p =0.06

Figure 3.
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Random-effects Meta-analysis for Clinical Endpoints

Forest plots for random-effects meta-analysis are shown for all-cause mortality and heart
failure hospitalization. The Hartung-Knapp-Sidik-Jonkman approach was used to adjust
confidence intervals and test statistics. Heterogeneity (7€) was estimated using the restricted
maximum- likelihood variance estimator and described by # statistic. Statistical testing

for overall effect and corresponding p-values are presented. Square size is proportional to
the weight of each study. Horizontal lines indicate the 95% CI of each study. The red
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line represents the prediction interval, which accounts for heterogeneity in intervention
effects across different settings. The diamond represents the pooled estimate with 95% CI.
Abbreviation: HF, heart failure; RR, risk ratio.
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Table 1.

Group-level Characteristics of Studies Included for Review

Characteristic All studies, n =33 RCT,n=17 Observational, n = 16

Sample size, median (range)

Intervention arm 93 (12-1,090) 90 (14-1,090) 101 (12-307)

Usual care arm 97 (12-1,156) 91 (12-1,074) 97 (24-1,156)
Intervention arm: provider type

Pharmacist 18 (55) 3(18) 15 (94)

Nurse/nurse practitioner 15 (45) 14 (82) 1(6)

Intervention arm: practice scope
Independent? 14 (42) 7(41) 7(44)
Non-independent 19 (58) 10 (59) 9 (56)

Usual care arm: provider type b

General practice€ 20 (61) 12 (71) 8 (50)
Cardiologist 16 (48) 6 (35) 10 (63)
Unspecified 6 (18) 3(18) 3(19)

Therapies involved b

ACEI/ARB 27 (82) 13 (76) 14 (88)
ARNI 6 (18) 1 (6) 5 (31)
BB 30 (91) 15 (88) 15 (94)
MRA 14 (42) 5(29) 9 (56)
Hydralazine/nitrates 8 (24) 3(18) 5(31)
SGLT2I 1(3) 0(0) 1(6)
Geography
Africa 1(3) 0(0) 1(6)
Asia 1(3) 0(0) 1(6)
Australia 2 (6) 1(6) 1(6)
Europe 8 (24) 8 (47) 0(0)
North America 21 (64) 8 (47) 13 (81)
Care setting
Inpatient 6 (18) 0(0) 6 (38)
Outpatient 23 (70) 13 (76) 10 (63)
Transitional 4(12) 4 (24) 0 (0)

Publication year, median (range) 2014 (1999-2022) 2006 (1999-2020) 2019 (2010-2022)

Values represent number of studies (percent) unless otherwise specified.

a - . . . : . .
Expanded scope of practice under collaborative practice agreement that allows for independent patient assessment and therapy prescribing without
need for physician approval

b . . . .
Percentages may not add to 100%, given overlap of multiple studies across categories

Includes physicians specialized or training in family medicine or internal medicine irrespective of care setting
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Abbreviation: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor;
BB, B-blocker; IQR, interquartile range; MRA, mineralocorticoid receptor antagonist; RCT, randomized controlled trial; SGLT2I, sodium—glucose
co-transporter 2 inhibitor
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Table 2.

Characteristics of Included Randomized Controlled Trials

Page 24

Study Characteristics Comparator Arms Outcomes
Follow-
Source Setting Country  Provider Inclusion Usual Care n Intervention n Endpoints up
(mo.)
Initial visit with
GP; follow-up by All-cause
Annual or HF nurse at mortality
Agvall et . NYHAI-IV routine baseline, 1, 2, Change in EF,
al, %6 2013 Outpatient  Sweden  Nurse EF <50% follow-up 81 and 6 months for /2 NT-proBNP, 12
with GP ACEI/ARB, BB, and QoL by
+/- MRA SF-36
titration
Independent
Routine follow-up with .
Framingham  follow-up NP upon %ri?gzg(;oonn
Ansari et . criteria for with approval by :
al, 27 2003 Outpatient  US Nurse CHF primary, 51 primary for BB 54 5%5;?532[:10” 12
EF<45%  with GDMT titration until BB
education optimal doses
reached
Follow-up with Time to
HF nurse weekly, optimal BB
g%?i'?mlézjv Follow-up biweekly, or dose All-
Driscoll et ; - every 3 monthly for BB cause or HF
al,28 2014 Outpatient  Australia  Nurse IS_tj/bSthimal months with 14 titration, 14 hospitalization 6
BB P cardiologist requiring Change in
cardiologist QoL by
approval MLWHF
Lr::gzl_ visit with Proportion
independent receiving
NYHATII- Routine ;gllf)%nusgt least ACEI
Ekman et . \% follow-up N Proportion
al 2% 2003 Outpatient ~ Sweden Nurse EF < 40% with 75 Eggr:i);rgiron 70 uptitrated on 6
Age = 65 primary education and’ ACEI Mean
self-management Qﬁgﬂgse a
training P
Scheduled
telephone follow- All-cause
Routine up for ACEI/ mortality
Galbreath -
. NYHA IV follow-up ARB, BB, MRA Proportion
30 , , y
SE)?)IA Outpatient  US Nurse EF <50%%  with 244 LN & dilretic 504 receiving 18
primary titration, with GDMT
education and Change in EF
counseling
Telephone
follow-up with
pharmacist at All-cause
Gattis et NYHA I-IV E)?;ngfeu gﬁjeﬂ“f,’vfé.ffj mgrta“ty
2131 1999 Outpatient  US Pharmacist EF < 45% with P 91 with patient 90 hospitalization 6
! ° rimar education and Proportion
P y ACEI & H/N receiving
titration ACEI
recommendations
for physician
Inpatient .
: Post- education/self- Proportion
Admitted h receiving
Gider et Inpatient/ German Nurse for HF ?é?fmge 363 {P;zei\gement 343 GDMT 18
al322015  outpatient v NYHA -y 000 HP Irdenend Change in EF
EE < 40% wit independent and QoL by
- primary weekly telephone SF-36

follow-up by HF
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Study Characteristics Comparator Arms Qutcomes
Follow-
Source Setting Country  Provider Inclusion Usual Care n Intervention n Endpoints up
(mo.)
nurse for ACEI/
ARB, BB, and
MRA titration
. Routine Home visit by Proportion
E\%ﬁDrmEd follow-up cardiologist; uptitrated on
Hancock Ade > 65 with GP, follow-up by HF GDMT All-
etal,® Outpatient UK Nurse Lgn term with 12 nurse every 1-2 16 cause 12
2012 caregfacilit consultant weeks for ACEI, mortality
e Y plan for HF BB, and MRA HF
management titration hospitalization
All-cause
. Telephone and -
E)?;Jc}w?u in-person follow- m'c:)rtallty
Admitted p P up by HF nurse P
with : hospitalization
Kasper et . for HF primary, post-discharge Change in
134 2002 Outpatient  US Nurse NYHA III- with 98 for ACEI/ARB, 102 QoL b 6
al, v . . BB, and diuretic Y
cardiologist PO MLWHF
EF < 45% lan in titration under Pronortion
plar cardiologist P
patient chart direction uptitrated on
GDMT
Inpatient
counseling with
pre-discharge BB
: dose; HF
. Routine ; ! -
. Admitted independent hospitalization
;r%”gogg Inpatient s Nurse for HF folloW-UP 35 biweekly 32  ChangeinEF 6
! p EF < 40% rimar telephone follow- Proportion
p Y up by nurse for receiving BB
BB titration and
self-management
training
. Inpatient case
iF;OL;?igﬁt management and All-cause
High-risk ca?e and education; hospitalization
Laramee Inpatient/ forg ost- weekly telephone HF
et al,36 patie us Nurse - pe 146  follow-up with 141 hospitalization 3
outpatient readmission  discharge
2003 EF < 40% follow-U ACEI/ARB and Mean
= it BB titration ACEI/ARB
rimar recommendations and BB dose
P y for physician
L All-cause
Initial visit with -
pharmacist; mgrtallty
. . Routine independent bi/ I
LO3V;’ rie et Outpatient UK Pharmacist Confirmed follow-up 1074 weekly follow-up 1090 hospitalization 24
al,’’ 2012 LVSD with GP 3-4 times for Proportion
receiving or
ACEI/ARB and :
BB titration uptitrated on
GDMT
List of patients
McCarren Recent HFb Routine detailing Proportion
28 - - admission follow-up guideline uptitrated on
ggilé Outpatient  US Pharmacist Suboptimal with 98 concordance 122 BB Mean BB 6
BB primary provided to dose
pharmacist
Mean GDMT
Post- Initial visit with dose
. h cardiologist; All-cause
. discharge independent bi/ mortality
Oyanguren admission follow-up weekly follow-up All-cause or
etal,® Outpatient  Spain Nurse NYHA 1I- with ) 156 with HE nurse 164 HE 6
2021 f o cardiologist for RASI, BB, hospitalization
EF < 40% and nurse and MRA Change in
support titration QoL by
MLWHF
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Study Characteristics Comparator Arms Qutcomes
Follow-
Source Setting Country  Provider Inclusion Usual Care n Intervention n Endpoints up
(mo.)
Routine mg{;l \t/ellsét mf'nhe All-cause
follow-up » letep mortality
. follow-up at 2, 4,
with 8 12 and 24 All-cause or
Sisk et . NYHAI-IV primary, e v HF
al 02005  OutPatient Nurse EF<40%  with HF 203 weekswith s 2% hospitalization 12
guidelines and HIN titration Change in
gl\;gzn EO recommendations Q%L'\%VSVIE}:Z
patien for . an
physician
Initial visit with
NYHA 1I- - HF nurse with
Stromberg v E’?E;[w_eu education and Qgrﬁ;f ¢
etal, Outpatient  Sweden  Nurse HF with P 54 consultation with 52 AII-caus):e 12
2003 confirmed - cardiologist for hospitalizati
by imaging primary ACEI and BB ospitalization
titration
Inpatient intake
with home visit Qg;f;l;tse
within 10 days ks
Thompson Inpatient/ Admitted Routine post-discharge; QoLg
etal 2 oug atient UK Nurse for HF follow-up 48 monthly in-clinic 58 MLWIYIF 6
2005 P EF<45%  with GP follow-up for Brovortion
ACEI/ARB, BB, por
and MRA receiving
titration GDMT

a . )
Includes primary and select secondary efficacy outcomes;

b . . . . -
Included patients with preserved systolic function but reported outcomes separately or stated results were similar between groups.

Abbreviation: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; BB, beta-blocker; EF, ejection fraction;
GDMT, guideline-directed medical therapy; GP, general practitioner; HF, heart failure; H/N, hydralazine/nitrate; LVSD, left ventricular systolic
dysfunction; MLWHF, Minnesota Living with Heart Failure; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association;
QolL, quality of life; RASI; renin-angiotensin system inhibitor
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