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Abstract

Background: Heart failure with reduced ejection fraction (HFrEF) is 
associated with recurrent hospitalizations and high mortality. Guide-
line-directed medical therapy (GDMT) reduces morbidity, mortal-
ity and re-admission rates. Despite the evidence, less than 50% of 
patients with HFrEF are prescribed appropriate medical therapy. 
When hospitalized patients have these medications discontinued on 
admission or during hospitalization, they are less likely to have them 
restarted on discharge. The goal of this study was to determine the 
incidence of disruption of beta-blocker (BB) therapy during hospi-
talization for HFrEF patients admitted to an academic tertiary referral 
hospital.

Methods: We conducted a retrospective study in a single teaching 
hospital over the course of 1 year, and utilized data queried from the 
electronic medical record (EPIC) database. Inclusion criteria were 
met by patients with an ICD-10 code diagnosis of heart failure, left 
ventricular ejection fraction less than 40% and BB prescription prior 
to admission. Additional information noted included age, sex, vital 
signs throughout the admission and dates where BB was not given 
for a full 24-h period. Patients in the intensive care unit (ICU) were 
excluded due to uncertainty of their hemodynamics. Data were ex-
tracted from the electronic medical record database and analyzed 
through Python, Microsoft Excel and RStudio. The incidence of BB 
disruption during hospitalization was defined as a 24-h period where 
no BB was administered. Blood pressure (BP) and heart rate (HR) 
levels were compared between patients who received BB and patients 
who had a disruption in their BB. Measurements were also obtained 
to assess whether a correlation exists between holding BB therapy 
and time of the year, age, or sex.

Results: Between January 2018 and January 2019, 780 patient en-
counters met inclusion criteria for the study. Patients who were con-
tinued on BB therapy had an average BP of 120.8/68.7 mm Hg and 

an HR of 82.4 bpm on days they received their BB. Patients who had 
a disruption of BB therapy had an average BP of 117.7/67.6 mm Hg 
and an HR of 88.6 bpm on the days of the disruption (P < 0.001). 
There was no association between holding BB and age, sex, or time 
of year.

Conclusions: This study showed that in an academic tertiary referral 
center, patients with HFrEF who are not in an ICU have a 23% chance 
of not receiving their recommended BB therapy for 24 h. While the 
differences measured for BP and HR are statistically significant, they 
are not clinically significant.
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Introduction

Heart failure is associated with high healthcare resource uti-
lization, high mortality and high morbidity. Patients with an 
ejection fraction less than or equal to 40% have been shown 
to have reduced morbidity and mortality with the initiation of 
guideline-directed medical therapy (GDMT). Multiple semi-
nal trials have shown mortality benefits of beta-blocker (BB) 
use in heart failure with reduced ejection fraction (HFrEF) 
patients, first with bisoprolol and metoprolol succinate in the 
CIBIS-II and MERIT-HF trials of 1999, respectively, later 
joined by carvedilol in the COPERNICUS trial of 2002 [1-3]. 
More recently, the BB-META-HF Study showed that BBs sig-
nificantly reduce mortality in HFrEF patients with moderate to 
severe kidney dysfunction [4]. The ACCF/AHA Guidelines for 
the Management of Heart Failure include class I recommenda-
tions for the use of the aforementioned BBs in stage B and C 
HFrEF patients for the reduction of mortality, as well as the 
continuation of GDMT in hospitalized HFrEF patients. Fur-
thermore, these guidelines promote the maximally tolerated 
doses of medication to achieve neurohormonal blockade [5, 
6]. Despite the evidence showing the benefits of GDMT [1-3, 
7, 8, 9-11], less than 20% of patients are prescribed optimal 
GDMT at appropriate doses [12].

In the inpatient setting, optimization of GDMT can be 
achieved with close monitoring in a controlled environment. 
This can be achieved by internists, hospitalists, family medi-
cine physicians, or cardiologists. Obvious hurdles to optimiza-
tion of GDMT in this setting are administrative pressures to 
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reduce hospital duration and acute illness compromising the 
ability to up-titrate these medications appropriately [13]. Lack 
of nursing familiarity with HFrEF can result in holding these 
medications out of concern for precipitating iatrogenic cardio-
genic shock. Despite previous studies showing minimal effects 
of BBs on blood pressure in heart failure patients, this repre-
sents a significant concern for nursing staff [12, 14, 15]. We 
sought to evaluate these concerns by investigating the differ-
ences in blood pressure on days where BBs were held versus 
days BBs were provided to patients with HFrEF.

Materials and Methods

Study design

This was a retrospective cohort study conducted at a single 
tertiary care center between January 2018 and January 2019. 
Our primary objectives were to determine the hold rate of 
BBs in patients with heart failure who had previously been 
on BBs and to determine the difference in vital signs between 
days BBs were given versus days BBs were held. A BB was 
considered held for that day if no BBs were administered in a 
24-h period. If even one dose was given that day, it was con-
sidered a day in which the patient received therapy. Secondary 
objectives were to determine the length of hospital stay and to 
assess any differences in hold rates based on pharmacologic 
agent, age, month and gender. This study was approved by the 
Institutional Review Board at Erlanger. This study was con-
ducted in compliance with the ethical standards of the respon-
sible institution on human subjects as well as with the Helsinki 
Declaration.

Data collection

Data were collected from the electronic medical record (EMR) 
(EPIC) through secure data request. Patients were identified 
by an admission date between January 2018 and January 2019 
along with a history of heart failure as identified by any associ-
ated ICD-10 code. The broad nature of this ICD-10 (I50) code 
necessitated a manual verification of patient status as “heart 
failure with reduced ejection fraction”. From this cohort, we 
acquired all vital signs during admission, the timing of the vital 
signs, age of the patient at time of admission, gender, type of 
BB prescribed and specific dates where BB therapy was held 
for 24 h. For BBs dosed more than once a day, all doses had to 
be missed to be considered a missed date.

Limitations

This model of data collection presents a new and novel way to 
rapidly collect data; however, it does lack specificity. The goal 
is to leverage large volumes of raw data to improve the signal-
to-noise ratio in order to prove that further research would be 
fruitful. Our EMR does not mandate providing a rational why 
medications are held, therefore we only have the reported vitals 

proximal to the event. Different providers input their diagnoses 
to varying specificities, and these may not be recorded in a way 
that is explicitly searchable. This limits our ability to stratify 
patients based on co-morbidities. The history of HFrEF was 
investigated manually; however, the degree of severity was 
not reported in a universal way, such as with 5% increments 
estimated. While we know what medications were prescribed 
during the hospitalization, it is readily available which dosage 
was held on a given day. These limitations in specificity reduce 
our ability to establish a causal link. Future studies will be able 
to investigate these more specific questions. Future studies will 
also use more advanced post processing methods to rule out 
outlier data points.

Data analysis

Data were analyzed using a combination of software packages 
including Python (general data formatting) and RStudio (data 
analysis). Continuous variables were compared utilizing the 
Welch’s paired t-test. P values less than 0.05 were considered 
significant.

Results

Patient characteristics

Between January 2018 and January 2019, 780 patients (539 
men and 241 women) were identified who met our inclusion 
criteria of being admitted to Erlanger main campus, with a to-
tal of 927 hospital admissions in that time span. Patients had 
a slightly higher mean systolic blood pressure on days where 
they received BB therapy compared to when they did not (120.5 
mm Hg vs. 117.6 mm Hg, P < 0.001) (Fig. 1), a slightly higher 
diastolic blood (68.7 mm Hg vs. 67.6 mm Hg, P < 0.001) (Fig. 
2) and a slower heart rate (82.4 bpm vs. 88.6 bpm, P < 0.001) 
(Fig. 3) (Table 1). The mean duration of stay for patients on 
carvedilol and metoprolol was 7.02 and 8.8 days, respectively 
(P < 0.05) (Fig. 4). There was no difference associated with age 
or gender (Figs. 5 and 6). The average hold rate of BBs for any 
given day in a year was 23% (Fig. 7).

The data indicate that there is no clinically significant dif-
ference in the blood pressures of these patients on a day-to-
day basis. These findings are consistent with previous findings 
that cardiac remodeling occurs over the span of months. This 
information confirms clinical intuition that BBs should not be 
held purely on blood pressure as there is no meaningful dif-
ference in blood pressure on the days the BBs were held. BBs 
should only be held for symptoms. Changes in blood pressure 
throughout the day were more consistent with diurnal rhythms 
than a consistent effect of medication (Fig. 8).

Discussion

In patients over the age of 65 years, heart failure is the leading 
cause of hospitalization [16], while hospitalization drives the 
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majority of the cost caring for the heart failure patients [2]. The 
care of patients with heart failure is further complicated by an 
overall 22.3% of patients readmitted within 30 days, 33.3% re-
admitted within 60 days and 40.2% readmitted within 90 days 
[17]. BBs have been shown in multiple studies to reduce mor-
tality and the number and frequency of hospitalizations related 
to heart failure [1-3]. BBs have also been repeatedly shown to 
reduce morbidity as evidenced by symptomatic management. 

Thus, it is paramount for healthcare providers to pursue medi-
cal optimization and to address gaps present in current medical 
regiments.

It was not the aim of this study to identify the specific 
reasons for holding BBs in the inpatient setting, as often the 
reasoning is not clearly documented; however, literature has 
cited provider aversion as a common factor. This is owing to 
the perception of risk associated with providing BBs in con-

Figure 1. Systolic pressures of patients with held beta-blockers vs. received beta-blockers.

Figure 2. Diastolic pressure of patients with held beta-blockers vs. received beta-blockers.
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junction with multiple additional medications, in the setting 
of hemodynamic measures nearing pre-determined hold pa-
rameters, or concern for worsening of acute decompensation 
due to the negative inotropic effect of the medication [1]. In-
terestingly, certain hold patterns not related to parameters of 
vital signs were noted, including a higher tendency for holding 
BBs in the hours of the morning when compared to other times 
during the day and a higher tendency to hold metoprolol than 
carvedilol. We did not collect data that would determine if pa-
tients prescribed metoprolol had more co-morbid conditions, 
or more advanced heart failure.

According to the literature and current guidelines, it is rec-
ommended to delay initiation of BB therapy in the setting of 
acute decompensated heart failure, if the patient was not taking 
a BB prior to admission [18-21]. In this case, it is recommend-
ed to first achieve euvolemia, then initiate therapy prior to dis-
charge. Additionally, BBs should not be given in the setting of 
cardiogenic shock, symptomatic bradycardia, or symptomatic 
hypotension. If a patient presents with acute decompensated 
heart failure and has been taking a BB, it is recommended to 
continue the medication with concurrent diuresis in absence 
of shock. The B-CONVINCED trial compared two groups of 
patients with acute decompensated heart failure. One group 

continued to receive BB therapy at the time of hospital admis-
sion, while the other group had BBs held on admission and 
resumed at time of discharge. The trial compared adherence 
rates to BB therapy at 3 months following hospital discharge 
and noted significant difference in medication adherence rates, 
with greater long-term adherence in the group with uninter-
rupted BB therapy (P = 0.04).

Previous studies have shown similar hold rates of BBs in 
general medicine and cardiology wards to what this study has 
found [22]. There have been previous quality improvement 
projects directed at nursing, physicians and pharmacists to 
attempt to improve prescription rates for BBs in heart failure 
patients [22-25]. Our future studies will include examining 
the hold rates of BB holding practices between different spe-
cialties such as cardiology, academic internal medicine, fam-
ily medicine and hospitalists. We will expand our pharmaco-
logic investigation to the prescribing patters of these different 
groups regarding angiotensin-converting enzyme (ACE) in-
hibitors and angiotensin receptor blockers (ARBs). As for 
quality improvement project, as mentioned previously there 
have already been several interventions proven to improve 
prescription rates of BBs. Our next planned intervention will 
be an intervention in the EMR in conjunction with nursing 
education. Static and standard hold parameters for BBs can-
not supplant clinical judgement when administering BBs to 
heart failure patients. Modifications to the hold parameters in 
the EMR may increase the administration rate of BBs. Fur-
ther training for nursing staff and encouragement of frequent 
communication with other members of the care team may po-
tentially reduce the frequency of held BBs. Finally, provider 
guidelines presented as a flag in the EMR upon admission 
of a patient, may enhance provider awareness of a home BB 
regimen for patients being admitted. These endeavors may 

Figure 3. Heart rates means of patients with held beta-blockers vs. received beta-blockers throughout hospital stay.

Table 1.  Hemodynamic Data Among Patients With Held and 
Received Beta-Blockers

Received Held Difference P value
Systolic BP 120.8 117.7 -3.1 < 0.001
Diastolic BP 68.7 67.6 -1.1 < 0.001
Heart rate 82.4 88.6 6.2 < 0.001

BP: blood pressure.
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assist physicians to prescribe GDMT to patients with heart 
failure.

Conclusions

With growing medical costs and incidence of heart failure in 

the global population, it is imperative to constantly evaluate 
and refine our practices for treating this subset of patients in 
both outpatient and inpatient settings. When it comes to HFrEF 
patients, the evidence highlighting the benefits of BB behooves 
us to adopt a culture of BB stewardship, where the goal is iden-
tifying situations when it is clinically beneficial to give or hold 
this therapy. Our study showed that in HFrEF patients, there 

Figure 4. Length of stay (days) of patients on carvedilol vs. patients on metoprolol.

Figure 5. Relationship between age and percentage of days held.
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is prevalence for holding BBs; however, parameters such as 
blood pressure and heart rate indicate only a minor difference 
in the hemodynamics of patients receiving or not receiving 

their BB. The data advocate for BB administration practices 
that include clinical picture, close communication with other 
members of the medical team in conjunction with hold param-

Figure 7. Percentage of beta-blockers held on floors from January 2018 to January 2019.

Figure 6. Beta-blocker hold rate in men vs. women as observed in our study.
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eters that are appropriate for a patient with heart failure.
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