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C ardiac glycosides including digoxin have been used for the
last century in the management of heart failure (HF) and are

the only available oral agents with positive inotropic effects.
Randomized studies using cardiac glycosides have been in
ambulatory patients with HF and guidelines do not address their
use in acutely decompensated HF or cardiogenic shock.1-4

We describe a single center experience of intravenous digoxin
loading in decompensated HF patients with reduced ejection
fraction (HFrEF) and low cardiac output with hemodynamic
monitoring.

This was a single-center retrospective chart review of
consecutive adults (age ≥18 years) admitted to our HF intensive
care unit (ICU) between February and May of 2013 with an
indwelling pulmonary artery (PA) catheter who received

intravenous digoxin for low cardiac output (Fick cardiac index [CI]
<2.2 L/min/m2). No patient was on an investigational device or
pharmacotherapy. Digoxin was given as an intravenous loading
dose of 0.5 mg followed by 0.25 mg in 6 hours and 0.25 mg 6 hours
later. Patients subsequently continued an oral digoxin maintenance
dose according to their renal function at the discretion of their
treating physician. Titration of intravenous sodium nitroprusside,
oral HF therapies, inotropes, and diuretics was at the discretion of
the treating ICU physician. The pre-specified variable of interest
was the change in CI at 24 hours from the first dose of digoxin
loading as measured by the assumed Fick method by obtaining a
mixed venous saturation (SvO2) from the distal port of the PA
catheter and using an estimated oxygen consumption of 125
mL/min/m2; 24-hour pre- to post-digoxin changes were
characterized by median (binomial-based 95% confidence interval),
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TABLE 1
Baseline Characteristics

Characteristic

Patient

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Age 34 51 25 38 31 29 49 22 49 19

Sex M M M F M M M M M M

BMI 54 37 51 36 47 22 35 — 30 37

Ischemic origin of HF N N N Y N N N N N N

LVEF (%) 15 15 15 15 12 12 20 12 20 18

RV dysfunction Mod to severe Mod Mod Mod Mild Severe Mild Mod Mild Mild

LVEDD (cm) 9.3 8.2 7.1 7.7 6.7 6.8 5.6 7.3 7.2 6.3

Valvular disease N Severe MR N Mod MR N Mod MR/PR N Mod MR Severe MR Mod MR

Afib/Flutter N Y N N N N N N N N

Prior use of digoxin N N N Y N N N N N N

Concurrent use of vasodilator Y N Y Y Y Y N Y Y N

Concurrent use of diuretics Y Y N Y Y Y Y Y Y N

Concurrent use of IV inotropes N N N Y N Y N Y N Y

Age (years), M = male, F = female, BMI = body mass index (kg/m2), HF = heart failure, Y = Yes, N = No, LVEF = left ventricular ejection fraction, RV = right ventricular, LVEDD = left ventricular
end diastolic dimension, MR = mitral regurgitation, Mod = moderate, PR = pulmonary regurgitation, Afib/Flutter = atrial fibrillation/atrial flutter, IV = intravenous.



quartiles, and Wilcoxon signed-rank test with R version 4.5.1 (R
Foundation for Statistical Computing). Other hemodynamic
variables including mean arterial blood pressure, heart rate, mean
right atrial, mean pulmonary artery, and mean pulmonary
capillary wedge (PCWP) pressures were documented, when
available. Safety observations included the occurrence of new
atrial/ventricular arrhythmia at 72 hours as assessed by continuous
telemetry review.

A total of 10 patients with a median age of 32.5 years, 9/10 male,
9 nonischemic and 1 ischemic etiology, left ventricular ejection
fraction (LVEF) of 15% (range 12-20%), left ventricular end diastolic
dimension of 7.15 cm (range 5.6-9.3 cm), and a baseline median CI
of 1.45 L/min/m2 received digoxin loading (see Table 1). Four of ten
patients had been on stable intravenous inotropes (dobutamine or
milrinone) at the time of digoxin loading and the aim was to wean
the inotropic support.

Figure 1 shows hemodynamic parameters before digoxin
loading and after digoxin loading 24 hours after the first dose. After
digoxin loading, median CI increased from 1.45 L/min/m2 at
baseline to 2.70 L/min/m2, a median increase of 1.3 L/min/m2 (IQR
0.7-1.5; 95% confidence interval 0.5-1.8; p=0.002). The four patients
on intravenous inotropic support were successfully weaned off at
24 hours following digoxin loading without any decrement in CI or
SvO2. In 6/10 patients with evaluable data, the median PCWP
decreased from 30 mm Hg down to 19 mm Hg. All patients were
discharged from ICU with an oral digoxin maintenance dose. No
patients had significant atrial or ventricular tachyarrhythmia or
bradyarrhythmia during ICU stay.

In this small patient cohort, intravenous digoxin was associated
with an improved CI without significant arrhythmias and was
associated with weaning of intravenous inotropes. The acute
hemodynamic benefits of digoxin in patients with HF have been
well described in several studies.5-7 Intravenous digoxin may be a
useful adjuvant therapy in patients presenting with low cardiac
output or cardiogenic shock who are unable to tolerate guideline
directed medical therapy, fail to improve on or are intolerant of
intravenous vasodilator therapy due to hypotension, or are unable
to wean off traditional inotropes such as dobutamine or milrinone.
The intended effect of loading digoxin intravenously is to achieve a
therapeutic serum concentration rapidly in order to achieve the
desired hemodynamic changes acutely. Notably, in our cohort, the
degree of improvement in CI is larger than previously reported for
digoxin in classic hemodynamic studies and likely represents a
combination of the use of digoxin with vasodilators and
decongestion with diuretics.

There are several important limitations to our findings. The
cohort was small and mainly included younger patients limiting
generalizability. This was an open label descriptive experience with
no randomization to placebo and thus was an uncontrolled
hemodynamic observation that only serves as hypothesis
generating. Also, as stated above, the concurrent use of afterload
reducing agents and diuretics would have impacted the
hemodynamic effects described. For example, the degree of
reduction in systemic vascular resistance in some patients would

be mainly attributed to the use of vasodilators, and it is also well
known that afterload reduction with the use of vasodilator therapy
such as nitroprusside also improves CI. The most significant
limitation to this series is the lack of documentation of specific
concomitant medications and their doses between the baseline and
24-hour hemodynamic measurements. Unfortunately, the data
needed to judge confounding are not available in this data set; this
also includes electrolyte values, renal function, and intake and
output including urine output. Lastly, we lack long-term data on the
effects of digoxin loading on CI and HF outcomes.

FIGURE 1

Hemodynamic Parameters Before and After Intravenous Digoxin Loading. Top
graph: Cardiac index in L/min/m2 prior to digoxin and after digoxin loading. Bottom
table: BDL = before digoxin loading, ADL = after digoxin loading, MAP = mean arterial
pressure (mm Hg), HR = heart rate (beats/min), CO = cardiac output (L/min), CI =
cardiac index (L/min/m2), MVO2 = mixed venous oxygen saturation (SvO2, %), RAP =
right atrial pressure (mm Hg), PA (mean) = mean pulmonary artery pressure (mm Hg),
PCWP = pulmonary capillary wedge pressure (mm Hg), PVR = pulmonary vascular
resistance (Wood units), SVR = systemic vascular resistance (dyn·s·cm−5), NA = not
available. *Refers to patients who were on intravenous inotropes before digoxin
loading.
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In conclusion, the characterization of these hemodynamic
findings suggests that, in HFrEF patients with low cardiac output,
intravenous digoxin loading may have contributed to the rapid
improvement in CI and may serve as a therapeutic option to
facilitate weaning of intravenous inotropic therapy. A randomized
clinical trial of digoxin in low cardiac output HF or cardiogenic
shock is necessary to confirm these preliminary findings and
demonstrate benefit and safety.

Ethics approval: IRB approval was not required for this study.
There was no ethical approval needed for this study.

Funding support: This research was not supported by a specific
grant from any funding agency.

Acknowledgments: We want to acknowledge the important
contribution from David O Taylor, our colleague, who passed away
on February 5, 2020.

Author contributions: Hanna: conceptualization, data curation,
formal analysis, investigation, methodology, supervision,
validation, visualization, writing – original draft, writing – review &
editing. Vijayakrishnan: conceptualization, data curation, formal
analysis, investigation, validation, writing – review & editing.
Benatti: data curation, writing – original draft, writing – review &
editing. Albert: conceptualization, data curation, writing – review &
editing. Tang: writing – review & editing. Vest: writing – review &
editing. Oliveira: conceptualization, investigation, methodology,
supervision, writing – review & editing. Starling: conceptualization,
data curation, investigation, project administration, supervision,
writing – review & editing.

Authorship criteria: All 8 listed authors have returned the ICMJE
authorship attestation and confirmed all four ICMJE criteria.

Disclosures: The authors declare no conflicts of interest related to
this manuscript.

AI use: The journal used AI tools in copy-editing and proofreading;
all changes were checked by the editorial team and approved by the
authors.

Address for correspondence: Mazen Hanna, MD, Heart & Vascular
Institute, Department of Cardiovascular Medicine, Kaufman Center
for Heart Failure Treatment and Recovery, Cleveland Clinic, 9500
Euclid Avenue, Cleveland, OH 44195. Email: hannam at ccf dot org.

1. The Digitalis Investigation Group. The effect of digoxin on mortality and morbidity in
patients with heart failure. N Engl J Med. 1997;336(8):525-533.
doi:10.1056/NEJM199702203360801

2. Bavendiek U, Großhennig A, Schwab J, et al. Digitoxin in patients with heart failure
and reduced ejection fraction. N Engl J Med. 2025;393(12):1155-1165.
doi:10.1056/NEJMoa2415471

3. van Veldhuisen DJ, Rienstra M, Mosterd A, et al. Low-dose digoxin in patients with
heart failure with reduced or mildly reduced ejection fraction: a randomized
controlled trial. Nat Med. 2026;32(7):2647-2653. doi:10.1038/s41591-026-04406-6

4. Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/HFSA guideline for the
management of heart failure: a report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines. J Am Coll Cardiol. 2022;79(17):e263-e421. doi:10.1016/j.jacc.2021.12.012

5. Gheorghiade M, St Clair J, St Clair C, Beller GA. Hemodynamic effects of intravenous
digoxin in patients with severe heart failure initially treated with diuretics and
vasodilators. J Am Coll Cardiol. 1987;9(4):849-857. doi:10.1016/S0735-
1097(87)80241-3

6. Gheorghiade M, Hall V, Lakier JB, Goldstein S. Comparative hemodynamic and
neurohormonal effects of intravenous captopril and digoxin and their combinations in
patients with severe heart failure. J Am Coll Cardiol. 1989;13(1):134-142.
doi:10.1016/0735-1097(89)90561-5

7. Ribner HS, Plucinski DA, Hsieh AM, et al. Acute effects of digoxin on total systemic
vascular resistance in congestive heart failure due to dilated cardiomyopathy: a
hemodynamic-hormonal study. Am J Cardiol. 1985;56(13):896-904.
doi:10.1016/0002-9149(85)90778-7

ARTICLE INFORMATION

REFERENCES

Hanna et al. · Digoxin Loading in Low Cardiac Output/Cardiogenic Shock OpenSource Cardiology · Vol. 1 · November 2026

OpenSource: Cardiology · doi osc.2026.0023 (pending) · ISSN pending · CC BY 4.0 Page 3 of 3

https://doi.org/10.1056/NEJM199702203360801
https://doi.org/10.1056/NEJMoa2415471
https://doi.org/10.1038/s41591-026-04406-6
https://doi.org/10.1016/j.jacc.2021.12.012
https://doi.org/10.1016/S0735-1097(87)80241-3
https://doi.org/10.1016/S0735-1097(87)80241-3
https://doi.org/10.1016/0735-1097(89)90561-5
https://doi.org/10.1016/0002-9149(85)90778-7

