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Abstract

Introduction: Cardiogenic shock (CS) and acute decompensated heart failure (ADHF) are
states of low cardiac output that manifest as tissue hypoperfusion and end-organ damage.
Current guidelines do not provide recommendations regarding beta blocker (BB) use in CS. This
study sought to analyze the effects of BB continuation on in-hospital mortality among patients
admitted with ADHF necessitating inotropic therapy.

Methods: A single-center, retrospective study was conducted in adult patients hospitalized with
ADHF requiring inotropes over a three-year period. Patients with CS were stratified based on
the Society for Cardiovascular Angiography and Interventions (SCAI) classification of CS and
Get With The Guidelines-Heart Failure (GWTG-HF) risk score. BB continuation was assessed
at admission and was defined as administration for at least 50% of the hospital stay. A time-to-
event analysis framework was implemented using Cox proportional hazards models to analyze
the effect of BB continuation on in-hospital mortality.

Results: A total of 449 patients were included in the study. Twelve patients were excluded, as
there was insufficient data to calculate the GWTG-HF risk score. A significant mortality benefit
was seen with BB continuation in all statistical models. When adjusted for SCAl and GWTG-HF
risk score, BB continuation was associated with a 65% reduction in in-hospital mortality [HR
0.35 95% CI 0.19-0.64, p = 0.0008].

Conclusion: In select patients with ADHF resulting in CS, there appears to be a mortality
benefit associated with continuation of BB on admission that remains significant after
adjustment for severity of CS.
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lipoprotein cholesterol; TC: total cholesterol; LVEF: left ventricular ejection fraction; SBP: systolic blood pressure;
DBP: diastolic blood pressure; HR: heart rate; eGFR: estimated glomerular filtration rate; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; LOS: length of stay; SD: standard deviation

Introduction

Heart failure (HF) is one of the leading causes of morbidity and mortality, with recent estimates showing that over 37
million people are affected globally, five million of whom are in the United States [1]. Despite medical advances,
acute decompensated heart failure (ADHF) is an increasingly common reason for hospitalization, especially in people
over the age of 65 [2]. In its most severe form, ADHF can present as cardiogenic shock (CS), a state of low cardiac
output that manifests as tissue hypoperfusion, which frequently requires inotropic support [3]. These disease states
have a substantial public health impact, with estimated post-discharge one-year mortality as high as 30% and 50% for
ADHF and CS, respectively [4, 5].

There is a robust pool of data demonstrating the survival benefit of beta blocker (BB) therapy in chronic HF [6-8].
Despite recommendations for use in chronic HF by national and international guidelines [9], only 67% of patients
with HF and a reduced ejection fraction are on BB therapy [10]. Hospitalizations for HF present an opportunity for
clinicians to initiate and optimize guideline-directed medical therapy [3]. However, due to concern that BB are
negative inotropes that may worsen outcomes in ADHF, these medications are often dose-reduced or discontinued in
the acute setting [11]. This action is not supported by current literature, which suggests up to a 3.28-fold increase in
in-hospital mortality for patients with ADHF whose BB were discontinued upon hospital admission [11-13].

The effect of BB therapy in CS is less clear, and clinicians commonly face the dilemma of stopping BB when initiating
inotropes. Historically, CS diagnostic criteria lacked uniformity, limiting the evaluation and treatment of an already
heterogeneous patient population [5]. The advent of validated qualitative and quantitative measures of disease severity,
such as the Society for Cardiovascular Angiography and Interventions (SCAI) classification of CS and Get With The
Guidelines-Heart Failure (GWTG-HF) risk score, may help to standardize practice patterns, severity, and staging of
CS [14-16]. Given the previously demonstrated benefits in chronic and ADHF [6-8, 12, 13], we hypothesized that
BB continuation may provide an advantage in CS patients requiring hospitalization. To test this hypothesis, we
performed a retrospective analysis of outcomes among patients admitted with ADHF requiring inotrope support.

Methods

This was a single-center, retrospective study performed at Atrium Health Wake Forest Baptist Medical Center, a
tertiary health care facility based in Winston-Salem, North Carolina. Data from the electronic medical record (EMR)
was obtained to identify patients with ADHF [Heart failure with reduced ejection fraction (HFrEF) and heart failure
with preserved ejection fraction (HFpEF)] requiring inotropes over a three-year period, from 1/1/2017-1/1/2020 using
ICD codes 150.23, 150.43, 150.9, R57.0, 150.20, 150.21, 150.41, 150.82, and 150.814. Inclusion criteria were patients
>18 of age admitted with ADHF who required inotropic therapy with either milrinone or dobutamine. Exclusion
criteria were pre-and post-operative patients, patients with temporary and durable mechanical circulatory support
[ventricular assist device (VAD)], and post-heart transplant recipients. The study received approval from the
Institutional Review Board of Atrium Health Wake Forest Baptist Medical Center.
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The predictor variable for this analysis was BB status on admission. Continuation of BB was defined as BB
administered for at least 50% of the patient’s hospital stay at the same home dose or a reduced dose. BB administration
that did not meet this definition was considered BB discontinuation.

The baseline data set included age, sex, race/ethnicity, history of hypertension (on antihypertensive treatment and/or
systolic blood pressure >130 mm Hg), history of type | or type Il diabetes (on therapy and/or hemoglobin Alc >
6.5%), smoking status, body mass index (BMI) (weight in kilograms divided by height in meters squared), high-
density lipoprotein cholesterol (HDL-C), total cholesterol (TC), and left ventricular ejection fraction (LVEF). Patient’s
systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), estimated glomerular filtration rate
(eGFR), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and lactate were reported values obtained
prior to initiation of inotrope therapy. Inotrope therapy included either milrinone or dobutamine. The choice of
inotrope agent and dose was based on provider preference and clinical factors relevant to patient care. Additionally,
SCAI stage and GWTG-HF scores were calculated at the time of admission.

The primary outcome considered in the analysis was in-hospital mortality. In-hospital mortality was assessed using
the EMR and a review of the discharge or death note for each patient. Length of stay (LOS) was obtained from the
EMR and defined as the number of days between the admission and discharge date.

The total cohort was dichotomized based on BB status on admission. The baseline demographic characteristics, LOS,
and mortality were assessed for each group. Continuous variables were documented as a mean and standard deviation
(SD). Categorical variables were documented as a total number (n) and percentage (%). Chi-square test and t-tests
were used to test for differences in demographic/covariate distributions between the two groups of interest.

Cox proportional hazards models were used to assess the association between the continuation of BB on admission
and in-hospital mortality. In addition, simple and multiple linear regression was used to assess the association between
the continuation of BB and LOS. Model 1 represents the unadjusted relationship. Model 2 adjusted for age,
race/ethnicity, and sex. Model 3 additionally adjusted for history of hypertension, history of diabetes, smoking status,
BMI, SBP, DBP, HR, HDL-C, TC, eGFR, AST, ALT, lactate, inotrope type (milrinone or dobutamine), and inotrope
duration. Model 4 adjusted for SCAI stages and GWTG-HF scores. There was an insufficient sample size to create a
Cox proportional hazard model stratified by inotrope type. Variables that contained missing values were GFR, AST,
ALT, and lactate. To account for this during multivariate modeling, multiple imputation was implemented, with effects
pooled across 100 fully imputed datasets. This was done using packages “mice” and “Hmisc” in R. Survival curves
were created to visualize differences in in-hospital mortality between groups and analyzed using the Wilcoxon Group
Homogeneity Test. All analyses were completed using R (ver 4.0.2). A p-value of < 0.05 was considered statistically
significant.

Results

A total of 449 patients were admitted with ADHF requiring inotropes who met the study criteria. Of these, 206 (45.9%)
were continued BB therapy. Demographic data, clinical history, and clinical data at the time of inotrope therapy are
reported in the table below (Table 1). 69% of patients were male, and 64.1% were non-Hispanic white. Patients whose
BB was continued were more likely to be younger, male, have a history of hypertension, and have higher SBP, DBP,
HR, TC, HDL, AST, and ALT. A total of 263 patients were initiated on milrinone, 128 patients were on dobutamine,
and 58 were on both agents. Of those, 57.8%, 32.8%, and 20.7% were continued on BB therapy. There was a total of
81 (18%) patient deaths. Of those, 68 had their BB discontinued on admission, while the remaining 13 were continued
on BB therapy. The mortality rate was higher in those who discontinued BB therapy compared with those in the BB
continuation group at 28% and 6.31%, respectively (p < 0.0001). The figure demonstrates the in-hospital mortality
benefit of continuation of BB therapy (Figure 1).
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Characteristics Beta blocker status Missing n (%) | p-value

Continued Discontinued

N = 206 N =243
Age, mean (xSD) 61.2 (13.1) 65 (14.6) 0 0.0045
Male, n (%) 150 (72.8) 158 (65) 0 0.0471
Non-Hispanic white, n (%) 121 (58.7) 167 (68.7) 0 0.0872
Hypertension, n (%) 177 (85.9) 191 (78.6) 0 0.0444
Diabetes mellitus, n (%) 75 (36.4) 84 (34.6) 0 0.6846
Current smoker, n (%) 16 (7.8) 34 (14.1) 0 0.1871
BMI, kg/m?, mean (+ SD) 31.12 (7.54) 29.93 (8.7) 0 0.1189
Systolic BP, mm Hg, mean (+ SD) 110.4 (20.3) 103.5 (20.6) 0 <0.001
Diastolic BP, mm Hg, mean (+ SD) 71.6 (16.4) 67.8 (17.4) 0 0.019
Heart rate, bmp, mean (x SD) 84.1 (17.7) 91.1(18.7) 0 <0.001
HDL, mg/dL, mean (+ SD) 61.49 (51.9) 54.01 (37.5) 0 0.0429
Total cholesterol, mg/dL, mean (x SD) | 248.03 (194.5) 207.38 (139.4) 0 0.0127
eGFR, mL/min, mean (x SD) 45.4 (18.2) 39.0 (19.2) 2(0.4) <0.001
AST, U/L, mean (x SD) 78.6 (213.2) 466.5 (1614.8) 24 (5.3) 0.001
ALT, U/L, mean (+ SD) 78.2 (199.3) 245.3 (736.3) 24 (5.3) 0.002
Lactate, mmol/L, mean (+ SD) 2.8 (2.8) 3.4 (3.2) 176 (39.2) 0.108
Milrinone only, n (%) 152 (73.7) 111 (45.7) 0 <0.001
Dobutamine only, n (%) 42 (20.4) 86 (35.4) 0 -
Both inotropes, n (%) 12 (5.8) 46 (18.9) 0 -

Table 1: Baseline characteristics. SD = standard deviation; BMI: body mass index; BP: blood pressure; HDL: high-density lipoprotein; eGRF:

estimated glomerular filtration rate; AST: aspartate aminotransferase; ALT: alanine aminotransferase.
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1.00-

0.75-

Figure 1: Survival curve demonstrating in-hospital mortality benefit with continuation of BB therapy.
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The table displays the distribution of SCAI and GWTG-HF scores amongst the cohort (Table 2). There was insufficient
data to calculate GWTG-HF scores in 12 patients, and they were excluded from model 4. The mean GWTG-HF score
was 44.29, and 52% of the patients were SCAI stage C or higher upon presentation. The mean GWTG-HF score was
significantly higher in the BB discontinued group compared to the BB continued group at 47.12 and 40.98 (p-value <
0.0001). BB status was similar for patients in SCAI stage C. Patients were more likely to have BB continued in SCAI
stages A or B and discontinued in stages D or E. Higher SCAIl and GWTG-HF scores were associated with an increased

risk of in-hospital mortality (Table 2).
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Beta blocker status

Continued | Discontinued HR (95% CI)
GWTG-HF risk score
Mean score (x SD) 40.98 (8.30) 47.12 (8.54) -
0-33 [n (%)] 40 (19.42%) 13 (5.35%) Reference level
35-50 [n (%)] 135 (65.53%) 145 (59.67%) 2.56 (0.61-10.71, p = 0.1967)
51-57 [n (%)] 21 (10.19%) 49 (20.16%) 3.78 (0.86-16.53, p = 0.0773)
>/=58 [n (%)] 5 (2.43%) 49 (11.93%) 5.36 (1.17-24.55, p = 0.0306)
SCAI stages
Aor B [n (%)] 107 (51.94%) 106 (43.62%) Reference level
C[n (%)] 90 (43.69%) 104 (42.80%) 1.49 (0.90-2.47, p = 0.1219)
D or E [n (%)] 9 (4.37%) 33 (13.58%) 2.66 (1.46-4.85, p = 0.0013)

Table 2: Risk stratification scores. SD: standard deviation; HR: hazard ratio; CI: confidence interval; GTWG-HF: Get With The Guidelines-Heart
Failure; SCAI: Saociety for Cardiovascular Angiography and Interventions.

Across all four Cox regression models, BB continuation was associated with a decreased risk of in-hospital mortality
(Table 3). After adjusting for co-morbid conditions and baseline laboratory values, a 72% reduction in in-hospital
mortality was observed [HR 0.28 95% CI 0.14-0.52 p = 0.0001]. This benefit was attenuated but remains significant
after adjusting for both the SCAI stage and GWTG-HF score [HR 0.35 95% CI 0.19-0.64 p = 0.0008].

HR (95% CI) p-value LOS difference (days)
Model 1 0.25 (0.14-0.46) <0.0001 -1.3 (p = 0.0785)
Model 2 0.27 (0.15-0.49) <0.0001 -1.5 (p = 0.0511)
Model 3 0.28 (0.14-0.52) 0.0001 -1.2 (p = 0.0932)
Model 4 0.35 (0.19-0.64) 0.0008 -

Table 3: Cox regression models demonstrating decreased risk of in-hospital mortality with BB continuation. Additionally, linear regression models
demonstrate a shorter LOS with BB continuation. LOS = length of stay; HR: hazard ratio; CI: confidence interval. Model 1 unadjusted. Model 2
adjusted for age, sex, and race/ethnicity. Model 3 adjusted for model 2 plus hypertension, diabetes, smoking status, BMI, HR, SBP, DBP, HDL-C,
TC, eGFR, AST, ALT, lactate, inotrope type, and duration of inotropes. Model 4 adjusted for SCAIl and GWTG-HF risk score.

Without adjustment, there was a trend towards longer LOS in the BB discontinuation cohort vs. patients who had BB
continued, averaging 1.3 days longer (p = 0.0785). After adjustment for age, race/ethnicity, and sex (Model 2) and
adjustment in co-morbid conditions (Model 3), there continued to be a trend toward a shorter LOS in patients who
were continued on BB therapy (1.5 days and 1.2 days, respectively), but was not statistically significant (Table 3).

The table demonstrates the outcomes of patients stratified by inotrope type (milrinone vs. dobutamine) (Table 4). A
total of 65 patients (14.5%) experienced in-hospital mortality. There was a statistically significant difference in in-
hospital mortality in those who received dobutamine compared to milrinone [28.9% and 10.6%, respectively (p <
0.001)]. There was no difference in LOS between the two groups.

Dobutamine Milrinone p-value
N =128 N =263
In-hospital mortality, n (%) 37 (28.9) 28 (10.6) <0.001
LOS, mean (+ SD) 11.2 (8.1) 11.1 (6.6) 0.923

Table 4: Outcomes by inotrope therapy. SD: standard deviation; LOS: length of stay.
Discussion

This study compared the outcomes in patients continued on BB therapy with patients whose BB therapy was
discontinued during hospitalization for ADHF requiring inotrope therapy. There were two main findings. First,
patients had a lower risk of in-hospital mortality with the continuation of BB therapy. Second, hospital LOS trended
towards a shorter stay when BB was continued at the time of admission.
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While BB have proven to be safe and effective for patients with chronic HF, the clinical effect of using BBs and
inotropic therapy together in the acute setting is largely unknown [6-8]. Inotropes such as dobutamine and milrinone
are commonly employed to improve cardiac output in patients with SCAI stage C CS. However, this comes at the cost
of increasing the risk of tachyarrhythmias and increasing myocardial oxygen consumption, potentially increasing
mortality in this population [17]. Early hemodynamic studies demonstrated a blunted response to inotropes when
paired with BB, leading to guidelines that caution against using BB in combination with inotropes [3, 18]. However,
there is an increasing body of evidence that suggests BB therapy may be safe when used concurrently with inotropic
medication. Furthermore, there may be an increased mortality with BB withdrawal in the setting of milrinone
administration [19]. BB have demonstrated favorable effects when paired with inotropes, leading to HR reduction and
a trend towards fewer arrhythmias without impacting cardiac output [20, 21]. Additionally, patients continued on BB
therapy are more likely to remain on BB, and at higher doses, upon hospital discharge [22, 23]. These studies are
limited by their retrospective nature and small sample size, but they suggest BB are safe to continue in selected patients
with CS requiring inotropes.

Milrinone is also utilized in the outpatient setting as a palliative tool or as a bridge to advanced HF therapies, such as
VAD or heart transplants. When clinically stable, patients with severe HF have demonstrated the ability to tolerate
BB therapy while on continuous milrinone [24, 25]. One study assessed outcomes in patients on ambulatory inotrope
therapy with and without concomitant use of BBs. They found a significant reduction in HF hospitalizations and
ventricular arrhythmia in the BB group, leading to a longer overall duration of therapy with chronic inotropes [26].
While this adds to the body of literature that BB are safe when used concurrently with inotropes, it has limited
generalizability to the acutely decompensated hospitalized patient, given hemodynamic differences. Further, the
current literature does not address overall mortality or concomitant use of dobutamine with BB [26].

It is possible that BB discontinuation and the subsequent increased risk of in-hospital mortality are confounded by the
severity of the underlying HF. To control for this variable, we controlled for the SCAI stage and GWTG-HF risk score
at the time of admission. The SCAI classification system for CS has been validated across multiple CS phenotypes
and correlates with short and long-term mortality [16]. Patients are graded by level of congestion, end-organ perfusion,
laboratory abnormalities, hemodynamic alterations, and the need for vasopressors or inotropes [16]. Similarly, the
GWTG-HEF risk score relies on co-morbid conditions, age, vital signs, and labs — that are readily available at the time
of admission, with a higher score indicating worse severity of illness and has been validated to correlate with mortality
[15]. Supporting prior studies, we found a significant association between in-hospital mortality and higher CS stage
or risk score on hospital presentation. Our patient population represents a critically ill cohort, with over half defined
as SCAI stage C or higher on initial presentation. Clinicians were more likely to stop BB therapy based on the severity
of illness, as evidenced by higher GTWG-HF and SCAI scores, abnormal liver function tests, and lower blood
pressures, as it seems intuitive that patients in a low-output state and hypotension would not tolerate these medications.
Importantly, BB discontinuation was determinantal, and despite adjustment for CS severity, patients had a
significantly higher risk for in-hospital mortality if BB therapy was discontinued at admission. Furthermore, the
patients whose BB were discontinued were also found to have a trend towards longer hospital LOS, which resulted in
higher hospitalization costs.

Lastly, this study demonstrated that there was significantly higher in-hospital mortality within the dobutamine group
regardless of BB therapy. BB discontinuation was more common in patients started on dobutamine, although 20.4%
of patients remained on BB in this group, compared to patients initiated on milrinone (Table 1). While this study was
unable to assess mortality based on specific inotrope when stratified by BB continuation, it does raise the concern of
whether BB therapy contributed to the observed outcome.

Overall, our study suggests that chronic BB therapy may be continued in selected patients admitted with ADHF
requiring inotropic therapy. As BB alters the neurohormonal pathway, the mechanism of increased mortality is
possibly related to beta-receptor hypersensitivity upon BB withdrawal [27]. Due to a resultant sympathetic surge, the
failing heart may be adversely affected by increased myocardial oxygen demands and the risk of ventricular
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arrhythmia [27]. This is hypothesis-generating, however, and further randomized clinical trials are needed to identify
the mechanism of BB’s potential protective effects in CS.

Strengths of this study include a diverse population with representation from both non-whites and females, patients
with both HFrEF or HFpEF and patients receiving milrinone or dobutamine. Limitations include the retrospective,
single-center design of the study. This study primarily focused on patients who clinically required inotropic therapy
as an indicator of CS, as commonly occurs on hospital admission, rather than delaying initiation of inotropes in order
to define CS shock based on hemodynamics. Due to the sample size, there was a lack of power to compare outcomes
of BB continuation in patients on dobutamine vs. milrinone. Confounding factors were controlled, but residual
confounders may have affected our results and conclusions. Although patients with HFrEF and HFpEF were included,
there were inadequate numbers of HFpEF patients to examine differences by HF phenotype.

Conclusion

Among patients admitted to the hospital with ADHF requiring inotropic therapy, BB continuation was associated with
a reduction in in-hospital mortality and a trend toward shorter LOS. Randomized clinical trials of patients with CS are
needed to confirm this association and determine the optimal inotrope and appropriate dose.
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