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Introduction: Heart failure is associated with recurrent hospitalizations and high mortality. Guideline directed
medical treatment (GDMT), including beta blockers (BBs), angiotensin converting enzyme inhibitors (ACE-Is),
angiotensin receptor blockers (ARBs) and aldosterone antagonists (AAs) has shown to improve outcomes. Cur-
rent guidelines recommend the use of these medication classes at maximally tolerated dosages. Despite the ev-
idence, b 25% of patients with heart failure with reduced left ventricular ejection fraction (HFrEF) are on the
appropriate medical regimen titrated to the target doses. As such, we sought to assess the utility of a focused
GDMT clinic to reduce this gap.
Methods: We conducted a retrospective chart review through existing patient data in a single center teaching
hospital of patients referred to a focusedGDMTclinic primarily staffedwith heart failure trained nurse specialists,
physician assistants and cardiologists. Management guidelines were developed with protocols for the initiation
and uptitration of all therapeutic agents considered as GDMT.
Our primary objective was to determine whether enrollment into a dedicated nursing led guideline directed
medical therapy clinicwould increase the proportion of patients with heart failurewith reduced ejection fraction
on appropriatemedications aswell asmedication dosages in patients, the percentage of patients on the following
medications and percentage at target doses: Renin-Angiotensin-Aldosterone System Blockers, Evidence Based
Beta Blockers, and Aldosterone Antagonists. Our secondary objective was to determine if there was any clinical
benefit on objective measures including renal function, hospital admissions, mortality and implantable defibril-
lator shocks.
Results: Between October 2015 and March 2017, 63 patients were identified by requisition forms, in which 61
were able to be identified based on legibility of identifying information. Mean duration of follow up was
264.44± 162.68 days over 7 ± 3.94 days. Mean ejection fraction was 21.8± 7.3%. New onset cardiomyopathies
(diagnosedwithin 30 days) compiled 21% of the patient populationwhile thosewith demonstrated cardiomyop-
athies (N 90 days) compiled 48% of thepatient population. PatientswithNYHAclass III heart failure compiled 65%
of the patient population.
There was a statistically significant increase in themean number of GDMT at any dose (2.31± 0.76 to 2.74± 0.66;
p b 0.001) andmean number of GDMT at target doses (0.54± 0.79 to 1.52± 1.1; p b 0.001). Percentage of the pop-
ulation that were on no target doses at initial visit was 62% which was reduced to 18% after intervention.
Clinical improvement was reflected in significant improvement in ejection fraction from 21.8 ± 7.8% to 36.2±
14.3% (p b 0.001). Increases in sodiumand chloridewere statistically small but significant. There a significant reduc-
tion in heart failure hospitalizations in comparison to a year prior to after the initial encounter in the clinic (p b

0.001).
Conclusion:This pilot study showed that anursedirectedGDMT titrationprogramsuccessfully increased thenumber
of GDMT that patientswere able to tolerate in a timely fashion, all thewhile enhancing ejection fraction, sodiumand
chloride levels, with a reduction in rehospitalization rates.
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1. Background

Heart failure is associated with recurrent hospitalizations and high
mortality. For patients with heart failure with reduced ejection fraction
(HFrEF), defined as an ejection fraction less than or equal to 40%, guide-
line directed medical therapy (GDMT) has been shown to improve
morbidity and mortality. The American College of Cardiology (ACC),
American Heart Association's(AHA), and Heart Failure Society of
America (HFSA) joint guidelines recommend that patients with HFrEF
be treated with maximally tolerated doses of appropriate neurohor-
monal blockers [1,2]. Despite overwhelmingly positive evidence
[3,4,5,6,7,8,9,10], b25% of patients with HFrEF are on the appropriate
target doses of medical therapy [11].

In the outpatient setting, optimization of GDMT is primarily per-
formed by physicians (cardiologists or primary care providers) typically
resulting in delayed optimization due to relatively infrequent visits and
other challenges such as lab, blood pressure monitoring, and minor
symptoms [12,13,14]. Thus, clinical inertia can be a significant barrier
to optimizing vital therapy for patients with HFrEF. Several studies
have investigated the utility of nurse led titration of GDMT demonstrat-
ing increased utilization rates and an improved proportion of patients
on target doses [15,16,17,18]. However, the majority of these have ei-
ther been conducted outside the US and/or are very small in scale.

As such, we sought to assess the utility of a focused, nurse driven,
GDMT clinic to reduce this gap in a typical clinical system of care in
the United States.

2. Methods

2.1. Study design

This was a retrospective cohort study conducted at a single tertiary
care center between October 2015 and December 2017. Our primary
objective was to determine whether enrollment into a dedicated nurs-
ing led GDMT clinic would increase adherence to target doses of
GDMT prescribed by the referring physician. Renin-Angiotensin-
Aldosterone System Blockers, Evidence Based Beta Blockers, and
Aldosterone Antagonists were all evaluated. Our secondary objective
was to determine if therewas any clinical benefit on objectivemeasures
including renal function, hospital admissions,mortality and implantable
defibrillator shocks.

Primary objective comparisons were made between the time of the
initial visit and final visit at the GDMT clinic. Secondary objective com-
parisons were made within 1 year prior to their initial visit to 1 year
after their final visit.

2.2. Guideline directed medical therapy clinic

The GDMT clinic was established at St Francis Hospital and Medical
Center in Hartford, Connecticut in late 2015. This clinic is staffed with
heart failure trained nurse specialists and physician assistants. A heart
failure cardiologist provides oversight. Management guidelines were de-
veloped with protocols for the initiation and up-titration of all therapeu-
tic agents recommended by the ACC/AHA/HFSA guideline statement
[1,2]. All patients who were referred for GDMT titration with an ejection
fraction of 40%or lesswere evaluated in this study betweenOctober 2015
and March 2016. Follow up data was obtained up to November 2017.

Inclusion for the initiation of angiotensin receptor/neprilysin inhibi-
tors (ARNI), angiotensin converting enzyme inhibitor (ACE-I), or angio-
tensin receptor blocker (ARB) necessitated blood work within 3 days of
initiation, a systolic blood pressure N90 mm Hg, no evidence of moder-
ate or severe hepatic dysfunction according to the Child-Pugh classifica-
tion, not taking Aliskerin, consent for frequent blood draws and follow
ups, and a negative pregnancy test if appropriate.

If the referring practitioner ordered ARNI initiation and/or titration,
and if the patient presented on an ACE-I, this was held for at least 36 h
prior to ARNI initiation. After initiation of the ARNI, ARB or ACE-I,
blood work was obtained per protocol within 7 days. Follow up was
establishedwithin 2weeks and, given hemodynamic and renal stability,
the ARNI, ARB or ACE-I was further up-titrated to the next progressive
dose as tolerated (Fig. S3). Target doses of a particular medication was
based on ACC/AHA/HFSA guidelines (Fig. S1) [1,2].

Inclusion for aldosterone antagonist (AA) therapy initiation included
a serum creatinine of b2.0mg/dL inwomen and 2.5mg/dL inmen, base-
line serum potassium b5 mEq/L, systolic blood pressure N90 mm Hg,
and consent for frequent blood draws and follow up. Follow upwas typ-
ically established within 2 weeks and if stable, the aldosterone antago-
nist was up-titrated if necessary. Routine lab follow up was performed
per protocol and was based on protocols utilized in the major clinical
trials in this area (Fig. S2) [9,10].

Beta blocker (BB) therapy was also managed per protocol. The spe-
cific evidence based BB was used as directed by the ordering physician.
Protocol for medication titration is shown (Fig. S3).

Patients who met inclusion criteria were followed every two weeks
to assess eligibility for medication uptitration, and repeat laboratory as-
sessments. Patients not able to tolerate further medication uptitration.

2.3. Data collection

All patients who were referred to the GDMT clinic between October
2015 and March 2016 were evaluated using a retrospective chart re-
view. All clinical data were entered into the electronic medical record
at the time of each patient visit. Patient care documentation between
October 2015 and November 2017 were reviewed. Patient data was
de-identified for data collection and stored in a password protected,
encrypted database. A separate password protected, encrypted file,
stored in a different location, acted to link subject numbers to medical
record numbers.

2.4. Data analysis

Each variable was summarized by mean and standard deviation
or frequencies and percentages at each time point. The before-and-
after comparisons were conducted by Wilcoxon signed-rank test for
continuous variables and by Mc-Nemar's test for categorical variables.
A p-value smaller than 0.05 was considered statistically significant. All
the statistical analyses were performed in R 3.4.3.

3. Results

3.1. Patient characteristics

BetweenOctober 2015 andMarch2017, 61 patientswere referred to
theGDMT Clinic. Of those patients, all but 2maintained adequate follow
up. Patient characteristics are outlined in Table 1. The mean duration of
follow up was 264.44 ± 162.68 days. At baseline, the mean ejection
fraction was 21.8 ± 7.3%. New onset cardiomyopathies (diagnosed
within 30 days) represented 21% of the patient population while those
with chronic heart failure (N90 days) comprised 48% of the patient pop-
ulation. Of patientswith chronic heart failure, 53% had been on no target
doses of GDMT. Most patients were NYHA class II (33%) or III (65%) at
time of referral.

3.2. Treatment

There was a statistically significant increase in the mean number of
GDMT agents used by patients at any dose (2.31 ± 0.76 to 2.74 ±
0.66; p:b0.001) and mean number of GDMT agents used at target
doses (0.54 ± 0.79 to 1.52 ± 1.1; p: b0.001) (Table 2 and Fig. 1).
Therewas a significant increase in utilization of ARNI andAAwith a con-
current decrease in utilization of ACE-I (Fig. 2). Reasons for failure to up-
titrate GDMT are outlined in Table S1 in the supplemental content.



Table 2
Clinical findings and treatment: initial visit versus most recent follow-up.

Initial
visit

Follow
up

P
value

GDMT Beta blocker 58 (95) 61 (100) 0.248
ACE I 34 (55) 9 (15) b0.001
ARB 11 (18) 4 (7) 0.070
ARNI 8 (13) 47 (77) b0.001
ACE I/ARB/ARNI 53 (86) 60 (98) 0.046
Aldactone 34 (56) 38 (63) 0.009
Imdur 2 (3) 2 (3) 1.000
Hydralazine 2 (3) 4 (7) 0.480

Total number of GDMT 2.31 ± 0.76 2.74 ± 0.66 b0.001
Target GDMT doses 0.54 ± 0.79 1.52 ± 1.10 b0.001
NYHA class I 2 4 0.528

II 23 27
III 34 26
IV 2 1

Ejection fraction (%) 21.8 ± 7.8 36.2 ± 14.3 b0.001
Hemodynamics Heart rate 75 ± 12 76 ± 11 0.965

Systolic BP 117 ± 15 115 ± 14 0.179
Diastolic BP 70 ± 10 68 ± 10 0.388

Biochemistry Sodium 137 ± 2.6 138 ± 1.8 0.032
Chloride 101.97 ± 3.95 102.84 ± 3.30 0.011
Potassium 4.2 ± 0.4 4.3 ± 0.3 0.378
Creatinine 1.1 ± 0.4 1.1 ± 0.4 0.937

Hospitalizations (1 year
before and after
initial Encounter)

Heart failure 26 8 b0.001
Renal failure 0 3 0.902
ICD shock 2 2 0.178
Death 0 3 NA

Bold lettering indicates significant p values.

Table 1
Patient characteristics.

Population size (N) 61
Age (yrs, mean ± SD) 58.7 ± 14.9
Gender

Male 39 (64)
Female 22 (36)

Ethnicity
Caucasian 28 (46)
African American 20 (33)
Hispanic 13 (21)

NYHA Class
I 1 (2)
II 20 (33)
III 40 (65)

Mean ejection fraction (%, mean ± SD) 21.8 ± 7.3
Duration of heart failure diagnosis

b 30 days 13 (21)
31–60 days 14 (23)
61–90 days 4 (7)
91–180 days 7 (11)
181–360 days 7 (11)
361–720 days 7 (11)
N 720 days 9 (15)

Non ischemic cardiomyopathy 41 (67)
Ischemic cardiomyopathy 20 (33)
Diabetes 19 (31)
Hypertension 46 (75)
Hyperlipidemia 37 (61)
Smoker 35 (57)
Coronary artery disease 29 (48)
History of percutaneous intervention 12 (20)
History of coronary bypass surgery 8 (13)
Anemia; hemoglobin b12 mg/dL 9 (15)
Atrial fibrillation/flutter 20 (33)
Chronic kidney disease 15 (25)
COPD/asthma 7 (11)
Implantable defibrillator 16 (26)
Cardiac resynchronization therapy 15 (25)
Cerebrovascular accident 5 (8)
Peripheral vascular disease 6 (10)
Depression 10 (16)
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Fig. 1. Proportion of patients toleratingmedical therapy at maximal doses before and after
nursing directed up titration.
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3.3. Clinical hemodynamic and biochemical changes

Clinical improvement was reflected in significant improvement in
ejection fraction (p: b0.001), sodium and chloride.

3.4. Mortality, hospitalizations and ICD therapies

Comparing the year prior to the subsequent time period, therewas a
significant reduction in heart failure hospitalizations (p b 0.001).

There were a total of 3 deaths during the study. One patient passed
away from complications associated with ischemic colitis. Two patients
proceeded to stage D heart failure and were transitioned into hospice.

There was no significant difference in the number of ICD shocks be-
fore and after the intervention. Among patients with ICDs, there was no
difference in mortality, or hospitalizations.

4. Discussion

The goal of this study was to evaluate a simple strategy designed to
augment therapy in patients that have HFrEF in the transition and
chronic phases of their disease. We were able to demonstrate that a
nurse directed GDMT titration program effectively improved adherence
to ACC/AHA/HFSA mandated target GDMT in a selected group of pa-
tients with HFrEF. In conjunction, we observed an improvement in ejec-
tion fraction, sodium and chloride levels, along with a favorable re-
hospitalization rate. We were able to recognize patients under-treated
for their cardiomyopathy, in addition to patients with advanced dis-
eases states whowere appropriately referred for advanced heart failure
consultation.

Heart Failure (HF) care, whether in the acute setting, during transi-
tions, or in the chronic phase, is a major focus of efforts to reduce health
care costs in many health care systems. Since the passage of the
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Fig. 2. Proportion of patients toleratingmedical therapy by class atmaximal dosage before
and after nursing directed up titration.
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Affordable Care Act (ACA) in 2012, and the Hospital Readmission Re-
duction Program (HRRP), there has been a concerted effort in the Qual-
ity Improvement (QI) arena focused on reduction of 30-day and 90-day
HF readmissions. From 2008 through 2014, among the three top diag-
noses targeted by the HRRP including acute myocardial infarction, HF,
and pneumonia, HF had the highest number of hospitalizations, at al-
most 3 million within the Medicare fee-for-service population, over
65 years of age [19]. HF also had the highest rate of 30-day readmissions
at 23.5% in the same time period [19].

Unfortunately, there continues to be anunderutilization of appropri-
ate GDMT in patients with HF with systolic dysfunction despite well-
validated guidelines. This pattern appears to be systemic even among
general cardiologists. Throughout the United Kingdom, Netherlands,
and Sweden, specialist HF clinics have been widely implemented yet
clinical evidence of effectiveness of these types of clinics to enhance
GDMT has been sparse [20].

Specialty trained nurse driven protocols for the up-titration and
maintenance of beta blocker dosing in the heart failure population has
shown superior performance when compared to usual care [15]. These
successes are not limited to beta blockers, as similar success has been
seen with angiotensin-converting enzyme inhibitors and angiotensin
receptor blocking agents [16,17,18]. There is a suggestion within the lit-
erature that nurse directed titration of neuro-hormonal blocking agents
in patients with heart failure with reduced ejection fraction results in
fewer hospital admissions and improved mortality [16].

A patient with HFrEF requires close follow up for titration ofmedica-
tions as hemodynamics, electrolytes and symptoms permit. Although
the benefits of GDMT have been studied extensively, there remains a
significant gap in its usage on a population level.
5. Limitations of this study

This is a retrospective, observational study and thus provides only
descriptive data. The demographic and risk factors of the patient popu-
lation are fairly typical, although our population was relatively young
with a preponderance of males. There was also a high incidence of
non-ischemic cardiomyopathy in our cohort. The overall sample size
was small.

Conclusion.
This study showed that a nurse directed GDMT titration program

successfully increased the number of GDMT that patients were able to
tolerate in a timely fashion, all thewhile enhancing ejection fraction, so-
dium and chloride levels, with a reduction in rehospitalization rates.

This model of care delivery for these high-risk patients should prove
to be an effectivemethod for improvement in adherence to guideline di-
rected therapies which, in turn, may result in improvement in clinical
outcomes, reduction in hospitalization, and an overall decrease in
healthcare cost.We suggest systems of care consider this strategy to im-
prove all care for patients with heart failure.
6. Clinical perpectives

6.1. Clinical competency in patient care

The heart failure patient is often sub optimally treated with target
doses of guideline directed medical therapy (GDMT), but through a fo-
cused nurse led GDMT clinic, this deficiency can be reduced and thus
improve patient care.
6.2. Clinical competency in systems-based practice

The GDMT clinic utilizes a stream lined protocol formedication titra-
tion, which allows patients to be timely optimized on appropriate
therapy.
6.3. Translational outlook

Further evaluation of the efficacy of a GDMT clinic must be investi-
gated in a prospective randomized fashion.
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