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Abstract

Background: Guidelines recommend titration of medical therapy for heart failure with reduced 

ejection fraction (HFrEF) to target doses derived from clinical trials, as tolerated. The degree to 

which titration occurs in contemporary United States (US) practice is unknown.

Objectives: This study sought to characterize longitudinal titration of HFrEF medical therapy in 

clinical practice and identify associated factors and reasons for medication changes.

Methods: Among 2,588 US outpatients with chronic HFrEF in the CHAMP-HF registry with 

complete medication data and no contraindications to medical therapy, use and dose of 

angiotensin-converting enzyme inhibitor (ACEI)/ angiotensin II receptor blocker (ARB), 

angiotensin receptor neprilysin inhibitor (ARNI), beta-blocker, and mineralocorticoid receptor 
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antagonist (MRA) were examined at baseline and 12-month follow-up. Factors associated with 

medication changes were examined.

Results: At baseline, 658 (25%), 525 (20%), 287 (11%), and 45 (2%) patients were receiving 

target doses of MRA, beta-blocker, ACEI/ARB, and ARNI, respectively. At 12-months, 

proportions of patients with medication initiation/dosing increase were 6% for MRA, 10% for 

beta-blocker, 7% for ACEI/ARB, and 10% for ARNI; corresponding proportions with 

discontinuation/dosing decrease were 4%, 7%, 11%, and 3%. Over 12-months, <1% of patients 

were simultaneously treated with target doses of ACEI/ARB/ARNI, beta-blocker, and MRA. In 

multivariate analysis, across the classes of medication, multiple patient characteristics were 

associated with higher likelihood of initiation/dosing increase (e.g., prior HF hospitalization, 

higher blood pressure, lower ejection fraction) and discontinuation/dosing decrease (e.g., prior HF 

hospitalization, impaired quality of life, more severe functional class). Medical reasons were the 

most common underlying reasons for discontinuations and dosing decreases, but the contributions 

from patient preference, health team, and systems-based reasons varied by medication.

Conclusions: In this contemporary US registry, the large majority of eligible HFrEF patients did 

not receive target doses of medical therapy at any point during follow-up and few patients had 

doses increased over time. Although most patients had no alterations in medical therapy, multiple 

clinical factors were independently associated with medication changes. Further quality 

improvement efforts are urgently needed to improve guideline-directed medication titration.

CONDENSED ABSTRACT

In this contemporary United States registry of outpatients with heart failure with reduced ejection 

fraction (HFrEF), the large majority of eligible patients did not receive target doses of medical 

therapy at any point during follow-up. Although most patients had no alterations in medication use 

or dosing, multiple factors were independently associated with dose increases and decreases 

during follow-up. Medical reasons were the most common reasons for dose decreases and 

discontinuation across all therapies, but the relative contributions from patient preference, health 

team, and systems-based reasons varied by medication. Targeted strategies to improve guideline-

directed titration of HFrEF medical therapy are needed.

Keywords

heart failure; reduced ejection fraction; registry; medication; dose

Current management guidelines for patients with heart failure with reduced ejection fraction 

(HFrEF) strongly support use of multiple medications proven to improve survival and 

quality of life.(1,2) To achieve maximal benefits, guidelines recommend that each evidence-

based HFrEF medication be titrated to the target dose derived from landmark clinical trials, 

as tolerated.(1–3) Nonetheless, there remain significant gaps in guideline-directed use and 

dosing of proven HFrEF medical therapies in United States (US) clinical practice.(4,5) 

Sizeable proportions of patients eligible for specific medications do not receive them, and 

those that receive therapy generally receive low doses.(4) Given the high levels of morbidity 

and mortality that remain associated with chronic HFrEF, dose escalation towards 

recommended target dosing has been consistently emphasized for purposes of improving 

clinical outcomes.(3,6)
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Although prior studies have demonstrated underutilization of guideline-directed medical 

therapy (GDMT) in clinical practice, such cross-sectional studies cannot account for 

medication titration over time.(4) In contemporary US practice, granular data regarding 

practice patterns of medication titration and ultimate doses achieved during longitudinal care 

are not available. Likewise, barriers to achieving target doses among eligible patients are 

unclear, as are the precise reasons patients have medications discontinued or doses 

decreased. Given the importance of GDMT dose optimization as a means for improving 

patient outcomes, detailed characterization of gaps in longitudinal medication titration and 

the predictors of dosing changes could be central to future quality improvement initiatives. 

In this context, the CHAMP-HF (Change the Management of Patients with Heart Failure) 

registry provides a novel opportunity to describe the practice patterns of longitudinal 

titration of GDMT in routine US clinical practice, the clinical factors associated with dose 

increases and decreases, and the underlying reasons for medication changes.

METHODS

Study Design

The design of the CHAMP-HF registry has been previously described.(7) Briefly, CHAMP-

HF is a prospective, observational, nonrandomized study that enrolled adult outpatients with 

HFrEF between December 2015 and October 2017. Eligible patients had a diagnosis of 

chronic heart failure (HF), a left ventricular ejection fraction (EF) ≤40% on most recent 

imaging within 12 months of enrollment, and were receiving ≥1 oral medication for HF at 

study enrollment (including diuretics, angiotensin-converting enzyme inhibitors [ACEI], 

angiotensin II receptor blockers [ARB], angiotensin receptor-neprilysin inhibitor [ARNI], 

beta-blockers, mineralocorticoid receptor antagonists [MRA], anti-hypertensives, vasoactive/

inotropic agents, or other cardiovascular medications). Key exclusion criteria were current or 

anticipated participation in a clinical trial, currently receiving comfort care or enrolled in 

hospice, life expectancy <1 year, or history of or plan for heart transplantation, left 

ventricular assist device, or dialysis. Patient data were collected at baseline and at 3, 6, 9 and 

12 months and recorded in an electronic case report form. Baseline sociodemographic data 

were self-reported by patients. The registry was conducted in accordance with the 

Declaration of Helsinki and with institutional review board/ ethics committee approval at all 

sites. All patients provided written informed consent.

Longitudinal Medication Data

Among patients with complete medication data at baseline and 12-month follow-up and no 

absolute contraindications to therapy, the following 4 medication classes were examined: 

ACEI/ARB, ARNI, evidence-based beta-blocker, and MRA. For each patient and each 

medication, available dosing information was reviewed in reference to guideline 

recommended target doses (Supplemental Table 1). At baseline and 12-month time points, 

medication dosing was organized as follows: not receiving medication, receiving <50% 

target dose, receiving 50 to <100% target dose, and receiving ≥100% target dose. For each 

medication class, patients were then categorized into 4 mutually exclusive dose trajectory 

groups defined by the combination of dose category at baseline and 12 months, as follows: 

1) stable sub-target dosing or not treated (i.e., dose category remains unchanged and either 
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sub-target or not receiving medication); 2) stable target dosing (i.e., dose category remains 

unchanged and at target); 3) medication initiation or dose increase (i.e., increase in dose 

category regardless of achieving target dosing, including medication initiation); and 4) 

medication discontinuation or dose decrease (i.e., decrease in dose category, including 

medication discontinuation). Small changes in medication dosing between baseline and 12-

month follow-up that did not result in a change in dosing category did not alter dose 

trajectory group assignment. In addition to 4 dose trajectory categories, separate analyses of 

medication changes at 3-month intervals over 12-months follow-up were performed, as 

described below.

Statistical Analysis

For each medication class, baseline characteristics were compared across the 4 dose 

trajectory groups (defined by baseline and 12-month dosing). Continuous variables were 

reported as median (quartile 1-quartile 3) and categorical variables were presented as 

frequencies and percentages. To further characterize detailed patterns of medication dosing 

for each medication class, Sankey diagrams were constructed to describe the proportions of 

patients within each dose category and switching categories at multiple time points, 

including baseline and 3, 6, 9 and 12-month follow-up.

Among practices that contributed ≥10 patients to the study cohort, practice-level variation in 

medication dosing at baseline and 12 months was assessed using a composite dosing 

measure. Each patient was defined as having up to 3 total guideline-directed medication 

opportunities, with 1 opportunity per medication class for which they were eligible without 

contraindications (i.e., ACEI/ARB/ARNI, evidence-based beta-blocker, MRA). For each 

practice, the composite dosing measure was defined as the total instances of patients 

receiving ≥50% of target dose (i.e., maximum of 3 achieved opportunities per patient) 

divided by the total number of opportunities present in the practice population.

To assess independent associations between patient characteristics and changes in 

medication dose among eligible patients, hierarchical logistic regression models were 

constructed for each medication class to assess the probability of medication initiation/

dosing increase at 12 months among patients not receiving target dose at baseline. Similar 

models were constructed to assess probability of medication discontinuation/dosing decrease 

among patients receiving medication at baseline. To account for clustering of patients 

receiving care from individual study sites, hierarchical models were used including a random 

effect for site. Model selection was based on backwards elimination. Variables with a p>0.05 

were removed with the highest p value removed first, with subsequent assessment continuing 

with remaining variables. Model selection continued until all remaining variables had 

p<0.05. Models were derived from the imputed dataset to eliminate missing patient 

characteristics; nonetheless, rates of missing data for most variables were <1% with few 

exceptions (New York Heart Association [NYHA] class 2.1%, systolic blood pressure 4.7%, 

heart rate 5.9%).

Because reasons for medication initiation versus dosing increase and medication 

discontinuation versus dosing decrease may differ, a separate organizational framework was 

used to evaluate reasons for medication changes. All changes to ACEI/ARB, ARNI, beta-
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blocker, and MRA therapy during 12-month follow-up were identified. Four types of 

changes were defined as follows: 1) medication initiation – a prescription for medication 

class that was not prescribed in the preceding 3 months; 2) medication discontinuation - 

cessation of treatment without a subsequent new prescription during follow-up; 3) dose 

increase – continued therapy at a new higher relative dose (i.e., higher percent of target dose) 

and 4) dose decrease - continued therapy at a new lower relative dose. For each type of 

medication change, the data collection form captured reasons across 4 categories (with 

precise reasons selected within each category) as follows: 1) patient-centered reasons (e.g., 

patient decision or request); 2) health team reasons (e.g., provider/practice preference, 

improve performance metrics); 3) medical reasons (e.g., worsening signs/symptoms, not 

tolerated as prescribed); and 4) systems-based reasons (e.g., formulary change, insurer-

initiated change). Multiple reasons could be selected for each medication change. Statistical 

analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). Two-tailed 

p<0.05 was considered statistically significant.

RESULTS

Patient Cohort and Baseline Medication Use

From the total sample of 4,982 CHAMP-HF patients, patients were excluded due to death 

before 12-month follow-up (n=293), early study termination (n=272), lack of sufficient 

follow-up/medication data (n=1,763), and contraindication to medical therapy (n=66) 

(Supplemental Figure 1). The present analysis included the remaining 2,588 HFrEF patients 

enrolled between December 2015 and July 2017 with complete medication data and eligible 

for ACEI/ARB, ARNI, beta-blocker, and MRA therapy at baseline and 12-months. At 

baseline, 2,076 (80.2%), 1,717 (66.3%), 873 (33.7%), and 353 (13.6%) patients were treated 

with beta-blocker, ACEI/ARB, MRA, and ARNI therapy, respectively. Proportions of 

patients receiving target doses at baseline were 20.3% for beta-blocker, 11.1% for ACEI/

ARB, 25.4% for MRA, and 1.7% for ARNI. At the practice-level, the median percent of 

medication opportunities successfully achieved (i.e., ≥50% target dose achieved) at baseline 

was 37.2%, and ranged from 10.0% to 66.7% across practices (Supplemental Figure 2).

Medication Titration Through 12-month Follow-up

For each class of medical therapy, proportions of patients with 1) stable sub-target dosing or 

not treated; 2) stable target dosing; 3) medication initiation or dose increase; and 4) 

medication discontinuation or dose decrease are displayed in the Central Illustration. 

Proportions of patients receiving stable target dosing at both baseline and 12-months ranged 

from 1.5% for ARNI to 22.0% for MRA; 0.7% (n=17) patients simultaneously received 

target doses of ACE/ARB/ARNI, beta-blocker, and MRA at baseline and 12 months. At 12-

months, rates of initiation/dose increase were 7.0% for ACEI/ARB, 9.9% for ARNI, 9.9% 

for beta-blocker, and 6.3% for MRA; corresponding rates of discontinuation/dose decrease 

were 11.5%, 2.5%, 6.6%, and 4.4%. Among 297 patients with ACEI/ARB discontinuation/

dose decrease, 138 (46.5%) patients had discontinuation followed by ARNI initiation within 

the 12-month period. Evaluation of medication use and dose at 3-month follow-up intervals 

showed minimal patient movement between dosing categories over time (Central 

Illustration). For all therapies, the majority of patients remained on stable sub-target doses of 
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medication throughout follow-up, with the exception of a modest gradual increase in overall 

ARNI use (19.8% at 12 months) and target dosing (3.4% at 12 months), and modest 

decrease in ACEI/ARB use (61.7% at 12-months). Overall, 577 (22.3%) patients were 

simultaneously treated with any dose of ACEI/ARB/ARNI, beta-blocker, and MRA at 

baseline and 12 months. At the practice-level, the median percent of medication 

opportunities successfully achieved (i.e., ≥50% target dose achieved) at 12 months was 

39.6%, and ranged from 9.5% to 72.2% across practices (Supplemental Figure 2).

Patient and Practice Characteristics by Change in Medication Dosing

Angiotensin-Converting Enzyme Inhibitor or Angiotensin II Receptor Blocker
—Patients with stable sub-target dosing and discontinuation/dose decrease were more likely 

to be white, less likely to have full-time employment, and tended to have lower blood 

pressure and worse renal function (Table 1). In contrast, patients receiving stable target 

doses of ACEI/ARB therapy tended to have higher blood pressure and EF, better renal 

function, less severe NYHA functional class, better quality of life, and were less likely to 

have had a HF hospitalization within 12 months of enrollment. Patients with either initiation/

dose increase or discontinuation/dose decrease tended to have greatest impairments in 

baseline functional status and quality of life, and the highest rates of prior HF 

hospitalization. The proportion of patients receiving care from a HF specialist was highest 

among patients with dose discontinuation/dose decrease and lowest among those with stable 

target dosing (Supplemental Table 2).

Angiotensin Receptor-Neprilysin Inhibitor—Patients with stable sub-target dosing 

and discontinuation/dose decrease were significantly older with lower body mass index and 

hemoglobin and least likely to have full-time employment (Table 2). Patients prescribed 

stable target doses had higher EF and less severe functional class. There were no significant 

differences in sex, race, blood pressure, renal function, quality of life, comorbidities, or 

insurance status across dose trajectory groups. Patients with stable target dosing and 

initiation/dose increase were most likely to be receiving care from a HF specialist and least 

likely to be in a rural practice setting (Supplemental Table 3).

Evidence-based Beta-Blocker—Patients with medication discontinuation/dose decrease 

tended to have lower blood pressure and EF and more significant impairments in renal 

function and quality of life (Table 3). These patients were least likely to have private 

insurance or full-time employment. Compared with other patients, patients with initiation/

dose increase tended to have better renal function and were most likely to have private 

insurance and full-time employment. Patients with initiation/dose increase or 

discontinuation/dose decrease were most likely to have prior HF hospitalization in the 12 

months prior to enrollment. Patients receiving stable target dosing were most likely to be 

enrolled from a cardiology practice (i.e., HF specialist or other cardiologist) and patients 

receiving stable sub-target dosing were least likely (Supplemental Table 4).

Mineralocorticoid Receptor Antagonist—Patients with stable sub-target dosing were 

generally older with higher EF and blood pressure, superior functional status and quality of 

life, and most likely to have public insurance. Patients with discontinuation/dose decrease 
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tended to have lower blood pressure and lower likelihood of full-time employment (Table 4). 
Renal function was similar across groups. Prior HF hospitalization in past 12 months, 

NYHA III/IV status, and impaired quality of life were all more common among patients 

with initiation/dose increase or discontinuation/dose decrease. Patients with discontinuation/

dose decrease were most likely to be receiving care from a HF specialist and least likely 

from a non-HF cardiology or primary care practice (Supplemental Table 5).

Factors Associated with Medication Changes

Independent associations between baseline patient characteristics and medication initiation/

dose increase and discontinuation/dose decrease are displayed in Table 5.

Angiotensin-Converting Enzyme Inhibitor or Angiotensin II Receptor Blocker
—HF hospitalization in the prior 12 months and higher systolic blood pressure were strongly 

associated with higher likelihood of initiation/dose increase. Higher EF, better quality of life, 

and Hispanic ethnicity were associated with lower likelihood of discontinuation/dose 

decrease, whereas presence of cardiac resynchronization therapy and ≥high school education 

was associated with higher likelihood of discontinuation/dose decrease.

Angiotensin Receptor-Neprilysin Inhibitor—Younger age and lower EF were strongly 

associated with initiation/dose increase, whereas severe functional class was associated with 

higher probability of discontinuation/dose decrease. Low annual household income was 

associated with decreased likelihood of both initiation/dose increase and discontinuation/

dose decrease. Higher systolic blood pressure was associated with higher likelihood of 

discontinuation/dose decrease with nominal statistical significance.

Evidence-based Beta-Blocker—Younger age, higher systolic blood pressure, and 

higher heart rate were all associated with increased likelihood of initiation/dose increase. 

Presence of coronary artery disease and HF hospitalization in the prior 12 months were 

associated with higher probability of discontinuation/dose decrease, whereas better quality 

of life and Hispanic ethnicity were associated with lower likelihood of discontinuation/dose 

decrease.

Mineralocorticoid Receptor Antagonist—Higher EF and quality of life score were 

associated with decreased likelihood of initiation/dose increase. Severe functional class was 

strongly associated with increased probability of discontinuation/dose decrease, and body 

mass index, cardiac resynchronization therapy, atrial fibrillation, and ≥ high-school 

education were associated with nominal statistical significance. HF hospitalization in the 

prior 12 months was strongly associated with increased likelihood of both initiation/dose 

increase and discontinuation/dose decrease.

Reasons for Medication Changes

Reasons for medication changes are displayed in Figure 1 and Supplemental Tables 6–9.

Medication Initiation—ARNI (n=336) and MRA therapy (n=215) were the most and least 

frequently initiated medications, respectively. For all therapies, the most frequent reasons for 
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initiation were medical reasons and health team reasons, whereas the least frequent reasons 

to start medication were patient decision/request.

Dose Increase—Dose of beta-blocker therapy (n=335) was most frequently increased and 

MRA was least frequently increased (n=52). Medical reasons were the most common 

reasons for dosing increases, ranging from 81.8% for ACEI/ARB to 92.3% for MRA. 

Frequency of health team reasons varied substantially by therapy, from 16.8% for 

ACEI/ARB to 3.8% in MRA. A similar degree of variation existed across therapies for 

patient-centered and systems-based reasons.

Dose Decrease—Beta-blocker therapy had the highest number of dose decreases (n=189) 

and MRA therapy had the lowest (n=40). Medical reasons were the most frequent reasons 

for dose decreases, ranging from 69.3% for beta-blocker to 83.0% for ARNI. ARNI had the 

highest number of dose decreases per patient decision/refusal (3.8%), whereas there were no 

instances of patient decision/refusal for MRA. Health team reasons for dose decreases 

ranged from 24.6% for ACEI/ARB to 11.3% for ARNI.

Medication Discontinuation—ACEI/ARB (n=384) was had the highest number of 

discontinuations and ARNI had the lowest (n=114). For all therapies, the most common 

reason for discontinuation were medical reasons (54-56%). In contrast, other reasons for 

discontinuation differed by therapy. ARNI had the highest rate of discontinuation due to 

patient decision/refusal at 13.2%, whereas beta-blocker therapy had the lowest at 2.9%. 

ARNI therapy had the markedly higher rate of discontinuation due to systems-based reasons 

and markedly lower rate discontinuation due to health-team reasons.

DISCUSSION

In this large contemporary US registry of outpatients with HFrEF, the large majority of 

eligible patients did not receive target doses of medical therapy and few patients had doses 

increased over time. For all HFrEF medical therapies studied, >80% of patients had stable 

dosing at 12-month follow-up, with the large majority of these patients receiving sub-target 

doses. By comparison, rates of medication initiation/dose increase and discontinuation/dose 

decrease were ≤12% across all therapies. Over 12 months, <1% of patients simultaneously 

received stable target doses of ACEI/ARB/ARNI, beta-blocker, and MRA therapy. In 

multivariate analysis, across the classes of medication, multiple patient characteristics were 

repeatedly associated with higher likelihood of dose increase/initiation (e.g., prior HF 

hospitalization, higher blood pressure, lower EF) and dose decrease/discontinuation (e.g., 

prior HF hospitalization, impaired quality of life, more severe functional class). Medical 

reasons (e.g., new or worsening signs/symptoms, intolerance) were the most common 

underlying reason for changes in all therapies, but the relative contributions from patient-

centered, health team, and systems-based reasons varied across medications.

To our knowledge, we present the most comprehensive and contemporary analysis of 

longitudinal outpatient medication dosing and titration in US clinical practice. In this 

respect, several strengths and novel features of this analysis warrant mention. First, the 

CHAMP-HF registry included pre-specified, detailed, and serial collection of medication 
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dosing across a wide range of outpatient practices for the duration of study follow-up. 

Notably, data capture included ARNI therapy to be reflective of the most recent HF 

treatment guidelines.(2) Second, aside from medication use and dosing data, the registry 

collected underlying reasons for medication changes. To better reflect the realities and 

complexities of modern care, potential reasons extended beyond medical reasons to include 

health team, systems-based, and patient reasons for medication changes. Third, recognizing 

the potential impact of social factors on longitudinal medication use, patients were 

characterized across several socioeconomic domains, including insurance status, household 

income, employment status, and level of education. Fourth, practice-level variation in 

medication dosing among eligible patients was characterized using a novel composite 

measure and identified wide variability in GDMT dosing across US practices. Fifth, rigorous 

multivariate hierarchical models were used to provide this first description of patient factors 

independently associated with longitudinal increases and decreases of GDMT dosing in 

current US practice.

Prior data regarding longitudinal changes in HFrEF medical therapy and dose in US practice 

come largely from the IMPROVE HF program, a prospective study evaluating the 

effectiveness of a practice-specific quality improvement intervention on use of GDMT.(8) 

The study found rates of target dosing among treated patients to increase modestly over 24 

months for ACEI/ARB (36.1% to 37.9%) and MRA (74.4% to 78.4%), and substantially for 

beta-blocker therapy (20.5% to 30.3%). In this context and to the extent that optimal dosing 

of GDMT improves patient-centered outcomes, the current CHAMP-HF findings reflecting 

care nearly a decade later are disappointing. Rates of overall use and target dosing showed 

only minimal gains over 12-month follow-up. Moreover, final 12-month rates of target 

dosing among treated patients in CHAMP-HF (ACEI/ARB, 15.9%; beta-blocker, 26.4%; 

MRA, 75.5%) were lower than those observed at the conclusion of IMPROVE HF.

Clinical Implications

Clinical guidelines and the recent American College of Cardiology Expert Consensus 

document strongly recommend clinicians make every possible effort to achieve target doses 

of GDMT among eligible patients.(1–3) These target doses were derived from landmark 

clinical trials where protocols employed gradual, tolerance-limited, up-titration over several 

weeks until target dose was achieved. Lower doses were prescribed only when target doses 

could not be tolerated. Using these protocols, 49-84% of patients in ACEI/ARB trials and 

43%-65% of patients in beta-blocker trials achieved target dosing.(9–15) More recently, 

80% of patients in the PARADIGM-HF (Angiotensin Receptor–Neprilysin Inhibitor with 

Angiotensin-Converting–Enzyme Inhibitor to Determine Impact on Global Mortality and 

Morbidity in Heart Failure) trial successfully completed a run-in phase of several weeks, 

defined as no unacceptable side effects to target doses of enalapril and sacubitril/valsartan.

(16) Reconciling trial data with persistently lower rates of target dosing in clinical practice, 

some have reasoned that key differences in patient characteristics (e.g., older age and more 

comorbidities in routine practice) may explain these gaps. However, accumulating data 

suggests that some gaps between trial and registry populations may be narrower than 

previously thought, including a recent analysis demonstrating remarkably similar patient 

characteristics and risk between patients enrolled in the PARADIGM-HF trial and those 
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routinely seen in US practice.(17,18) Although some degree of persistent difference between 

trial and real-world populations may contribute, the magnitude of the dosing gap in routine 

practice strongly supports suboptimal quality of care and clinical inertia as prominent 

factors. Concerns over quality of care are further supported by recent data demonstrating 

high rates of medication underuse and underdosing irrespective of systolic blood pressure.

(5) Wide practice-level variation in levels of GDMT dosing observed in this analysis further 

suggests substantial improvements in routine practice are indeed possible. Moving forward, 

it may be reasonable to consider use of one or more performance measures that evaluate 

dosing of GDMT achieved in HFrEF care, such as the composite measure utilized in this 

study (i.e., composite of ≥50% target dose in absence of documented contraindication or 

intolerance) or alternative measure construct.

Quality Improvement Strategies

Although widespread improvements in use and dose of GDMT are needed, the patient 

factors identified in CHAMP-HF as independently associated with medication changes 

highlight subpopulations worthy of particular attention in future quality improvement 

programs. For example, efforts targeting NYHA class III/IV patients and those with recent 

HF hospitalization may be highest yield in mitigating against medication discontinuation or 

decreased dosing.(19) Likewise, these data suggest a bi-directional response to a recent HF 

hospitalization, with such events independently associated with both medication initiation/

dose increases and medication discontinuation/dose decreases. Although the explanation for 

this bi-directional relationship is unclear, it is plausible that some clinicians and patients may 

appropriately interpret HF hospitalization as a call for escalated medical therapy, while 

others may view as a sign of patient fragility and reason for apprehension towards 

medications with possible hemodynamic and renal effects.(20) Future dedicated efforts 

targeting GDMT optimization during and soon after HF hospitalizations are needed to more 

consistently couple these high-risk events with impetus to augment (rather than reduce) 

GDMT in efforts to prevent future clinical events.(19,21,22) In contrast, withdrawal or 

intolerance to medical therapy in the setting of recent HF hospitalization should be 

understood as an exceptionally high-risk scenario for which advanced HF therapies or 

palliative care may be considered. Similar rationale and future steps may apply to patients 

with poor quality of life, where bi-directional relationships with medication increases and 

decreases were also seen.

Aside from identifying patients subsets in particular need of quality improvement strategies, 

the current data from CHAMP-HF also inform the expected yield of various types of 

interventions. Although medical reasons were the most frequent trigger for medication 

changes, the significant proportion of non-medical reasons represents modifiable factors 

likely most conducive to targeted study. For instance, interventions targeting patient 

perceptions and systems-based barriers may be most effective in preventing dosing decreases 

or discontinuation of ARNI therapy, whereas strategies targeting health team education may 

be higher yield for other therapies.

Greene et al. Page 10

J Am Coll Cardiol. Author manuscript; available in PMC 2020 May 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Limitations

First, despite rigorous multivariate modeling techniques, these observational data cannot 

definitively determine cause-effect relationships. While observed relationships between most 

factors and dosing changes were clinically plausible, some are not easily understood. For 

example, the finding of higher systolic blood pressure predicting greater likelihood of ARNI 

discontinuation/dose decrease is curious, and highlights the possibility of residual 

confounding or collinearity with unmeasured factors. Second, this analysis should be 

interpreted in the context of patients with complete medication dosing information at 

baseline and 12-months, thus excluding patients with interval death or lost-to-follow-up. 

Third, CHAMP-HF data capture was derived from documentation within the medical record. 

Despite pre-specified features designed to lessen any potential influence of documentation 

quality and completeness on registry data, inherent limitations remain. For example, 

contraindications to therapy may have been present in some instances but not documented. 

Likewise, some patients receiving lower doses may be individuals where dose increases 

were previously attempted but not tolerated. Fourth, although study sites reflected a diverse 

set of cardiology and primary care outpatient practices, data reflect sites and patients that 

elected to participate in the registry and thus may not be generalizable to all outpatient 

facilities and HFrEF patients. Fifth, the registry permitted multiple reasons for each 

medication change. Although this approach may be most reflective of clinical practice where 

multiple factors may contribute, these data do not discern the primary reason for each 

medication change or associate objective vital signs or laboratory values with medication 

changes.

Conclusions

In this contemporary US outpatient HFrEF registry, the large majority of eligible patients did 

not receive target doses of medical therapy at any point during longitudinal follow-up and 

few patients had doses increased over time. Although most patients had no alterations in 

medication use or dosing, multiple clinical factors were independently associated with dose 

increases and decreases during follow-up. Among the modest proportion of patients where 

GDMT use or dosing changed, medical reasons were the most common underlying reasons 

for dose decreases and discontinuation across all therapies, but the relative contributions 

from patient preference, health team, and systems-based reasons varied by medication. 

Further quality improvement efforts are urgently needed to improve guideline-directed 

medication titration in routine practice. These findings may inform future targeted strategies 

to improve the medical care of outpatients with HFrEF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PERSPECTIVES

Competency in Medical Knowledge:

There are major gaps in guideline-directed titration of GDMT for HFrEF in 

contemporary US outpatient practice. Most patients eligible for therapy never receive 

target doses of medications at any point in time during longitudinal clinical care.

Competency in Medical Knowledge:

Several high-risk patient features are paradoxically associated with higher likelihood of 

medication discontinuation or dosing decrease, such as prior HF hospitalization, impaired 

quality of life, and more severe functional class. Medical reasons (e.g., new or worsening 

signs/symptoms, intolerance) are the most common underlying reasons for 

discontinuations and dosing decreases, but the relative contributions from patient 

preference, health team, and systems-based reasons vary by medication.

Competency in Patient Care:

Clinicians should recognize the tendency to not uptitrate medical therapy during 

longitudinal care. Many eligible patients who would benefit from escalation of the 

medical therapy receive no therapy or stable sub-target doses. To improve patient 

outcomes, every effort should be taken to maximize GDMT among eligible patients, as 

tolerated.

Translational Outlook:

Future targeted quality improvement efforts are needed to improve longitudinal titration 

of HFrEF medical therapy and increase the rates of target dosing. Such efforts are 

particularly needed for high-risk patients with severe symptoms or recent HF 

hospitalization. Interventions targeting patient perceptions and systems-based barriers 

may be most effective in preventing dosing decreases or discontinuation of ARNI 

therapy, whereas strategies targeting health team education may be higher yield for other 

therapies.
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Figure 1. Reasons for change in guideline-directed medical therapy over 12-month follow-up 
among patients with chronic HFrEF in contemporary US outpatient practice.
For each class of medication and for each type of medication change, reasons for medication 

change were classified as either patient decision/request, health team reason, medical reason, 

and systems-based reasons. Data regarding specific reasons within each category are 

provided in Supplementary Tables 6–9. ARB, angiotensin II receptor blocker; ACEI, 

angiotensin-converting enzyme inhibitor; ARNI, angiotensin receptor-neprilysin inhibitor; 

MRA, mineralocorticoid receptor antagonist.
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Central Illustration. Changes in use and dose of guideline-directed medical therapy over 12-
month follow-up among patients with chronic HFrEF in contemporary US outpatient practice.
Panel A: For each class of medication, data shown reflect the relative proportions of eligible 

patients by trajectory of medication use and dose from baseline to 12-month follow-up. 

Panel B: Sankey diagrams displaying detailed longitudinal trajectories of how patients 

moved between dosing groups over 3-month intervals of follow-up. ARB, angiotensin II 

receptor blocker; ACEI, angiotensin-converting enzyme inhibitor; ARNI, angiotensin 
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receptor-neprilysin inhibitor; HFrEF, heart failure with reduced ejection fraction; MRA, 

mineralocorticoid receptor antagonist.
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