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Introduction

In the intensive care unit (ICU), atrial fibrillation is the 
most common arrhythmia and is associated with a two to 
fivefold increase in mortality (1). Furthermore, untreated 
atrial fibrillation can cause or exacerbate hypotension as 
well as lead to myocardial ischemia, heart failure, and 
organ dysfunction as a result of hypoperfusion (2,3). In 
the treatment of atrial fibrillation/flutter with a rapid 

ventricular rate, guidelines recommend to implement a 
rate control strategy with beta-blockers or calcium channel 
blockers as first line agents due to their potency and safer 
adverse effect profile compared to antiarrhythmics (1). In 
critically ill patients who may present as hemodynamically 
unstable, the negative inotropic and vasodilatory effects of 
these drugs may potentiate hypotension. Amiodarone is a 
commonly used antiarrhythmic in the intensive care unit and 

Original Article

Amiodarone versus digoxin for rate control in critically ill patients 
with rapid atrial fibrillation or flutter

Diana Gritsenko1, Daryl Paris2, Samuel L. Aitken3, Young Im Lee4, Jerry Altshuler5

1Department of Pharmacy, Yale New Haven Hospital, New Haven, CT 06510, USA; 2Department of Pharmacy, Mount Sinai Hospital, New York, 

NY 10029, USA; 3Infectious Diseases, The University of Texas MD Anderson Cancer Center, Houston, Texas 77030, USA; 4Division of Pulmonary, 

Critical Care and Sleep Medicine, Department of Medicine, Mount Sinai Beth Israel, New York, NY 10003, USA; 5Department of Pharmacy, Mount 

Sinai Hospital, New York, NY 10029, USA 

Contributions: (I) Conception and design: D Gritsenko, D Paris, YI Lee, J Altshuler; (II) Administrative support: D Gritsenko; (III) Provision of study 

materials or patients: D Gritsenko; (IV) Collection and assembly of data: D Gritsenko; (V) Data analysis and interpretation: D Gritsenko, D Paris, J 

Altshuler, SL Aitken; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Diana Gritsenko, PharmD, BCCCP. Multispecialty Clinical Pharmacist, Critical Care, Yale New Haven Hospital, 20 York Street, 

New Haven, CT 06510, USA. Email: Diana.Gritsenko@ynhh.org.

Background: In critically ill patients with atrial fibrillation (AF) with rapid ventricular rate (RVR), first-
line agents may be due to hemodynamically unfavorable. Amiodarone and digoxin are alternatives, however, 
there is a paucity of literature comparing their effectiveness. This study compared the effectiveness of these 
agents in critically ill patients in AF with RVR. 
Methods: This retrospective chart review included critically ill adults between June 2014 and December 
2016 who experienced AF with RVR (HR ≥110 bpm) and were initiated on digoxin or amiodarone. The 
primary endpoint was time until ventricular rate control (HR <110 bpm) within 24 hours. Secondary 
endpoints included maintenance of target heart rate, time to sinus rhythm conversion, need for rescue 
therapy, ICU length of stay, 30-day in-hospital mortality, and safety.
Results: Thirty-two patients were included in the amiodarone group and 54 patients in the digoxin group. 
There was no statistically significant difference in time to ventricular rate control between amiodarone 
and digoxin [4 (IQR, 2–4) vs. 5.5 h (IQR, 2–11), P=0.46], and both agents were similarly efficacious 
in maintaining rate control (74% vs. 78%, P=0.18). Digoxin was less effective in patients requiring 
catecholamines in lowering heart rate at 24 hours (107±12 vs. 95±16 bpm, P=0.02).
Conclusions: Both groups were similar in time to rate control and rate control at 24 hours. Digoxin was 
less effective at lowering HR in patients requiring catecholamines. 

Keywords: Digoxin; amiodarone; critically ill; atrial fibrillation; rate control; atrial flutter

Received: 02 June 2018. Accepted: 26 June 2018; Published: 01 August 2018.

doi: 10.21037/jeccm.2018.06.07

View this article at: http://dx.doi.org/10.21037/jeccm.2018.06.07

https://crossmark.crossref.org/dialog/?doi=10.21037/jeccm.2018.06.07


Journal of Emergency and Critical Care Medicine, 2018Page 2 of 11

© Journal of Emergency and Critical Care Medicine. All rights reserved. J Emerg Crit Care Med 2018;2:63jeccm.amegroups.com

is suggested as an alternative agent for rate control by the 
guidelines (1). Although amiodarone is generally safe in short 
term use. it still may produce unfavorable effects including 
hypotension, bradycardia, rare acute pulmonary toxicity 
and drug interactions mediated by cytochrome P450 system 
and P-glycoprotein. Additionally long term adverse events 
associated with amiodarone include, thyroid abnormalities, 
liver dysfunction and pulmonary toxicity (4,5). In contrast 
to amiodarone, digoxin does not possess rhythm control 
properties, but instead exerts rate control effects through 
direct action of the atrioventricular node and by a centrally 
mediated vagal stimulation. Digoxin, at therapeutic doses, will 
increase vagal innervation, which produces a parasympathetic 
effect. However, in periods of high adrenergic tone (e.g., 
sepsis or exercise), its benefit may be decreased as vagal tone 
is withdrawn and sympathetic activity increases (6-8). 

Literature directly comparing the two agents in a critically 
ill population is limited. A study from 1995 randomized 
patients with a HR >130 beats per minute (bpm) to receive 
either digoxin or amiodarone. These patients were admitted 
to the coronary care unit for the purpose of telemetry 
monitoring, however the severity of illness of these patients 
is unclear as the study admitted a number of patients who 
initially presented to an outpatient clinic. In this study, 
amiodarone was more effective at reducing heart rate in the 
first eight hours (9). These results are contrary to a 2009 
study which compared the effectiveness of intravenous 
diltiazem to amiodarone and digoxin in patients presenting 
to the emergency department and found no difference in 
achieving target heart rate between digoxin and amiodarone. 
The comparison between amiodarone and digoxin, however, 
was a secondary outcome. Furthermore, the study included 
adult patients with a heart rate <120 bpm who presented to 
the emergency department but were otherwise stable (10). 

Due to the limited and conflicting results of these studies 
regarding the relative efficacy of digoxin and amiodarone, 
clinical practice among institutions is often varied and 
dependent upon provider preference. The objective of this 
study was to elucidate whether amiodarone or digoxin is 
more effective for rate control in critically ill patients with 
atrial fibrillation or flutter. 

Methods

Study design and population

This study was an IRB-approved retrospective chart review 
conducted at a large tertiary care academic medical center. 

Electronic medical records of adult patients (≥18 years) who 
received either intravenous digoxin or amiodarone admitted 
between June 1, 2014 and December 31, 2016 were 
reviewed. Patients were included if they had atrial fibrillation 
or flutter with rapid ventricular response (HR ≥110 bpm), 
were located in an intensive care unit (i.e., medical or 
surgical intensive care units or coronary care unit), and 
received their respective study drugs for ventricular rate 
control. Patients were excluded if either drug was part of 
their home medication regimen or if the drugs were initiated 
for atrial fibrillation prophylaxis. In addition, patients were 
excluded if the study drugs were initiated within 6 hours of 
each other or if the patient died within 24 hours of starting 
their rate control agent. Due to the nature of post-operative 
atrial fibrillation and the Cardiothoracic ICU (CTICU) 
exclusively utilizing amiodarone, patients who were located 
in this unit were excluded from analysis.

Data collection 

Baseline demographics were collected for each patient 
as well as home rate control medications, left ventricular 
ejection fraction, and ICU and hospital length of stays. 
During admission to an intensive care unit, the location of 
the unit, reason for admission, and APACHE II scores were 
collected. At the time of study drug initiation, baseline heart 
rate and rhythm were recorded as well as any concomitant 
rate control medications, sedatives, or vasoactive agents. 
Heart rate and rhythm was recorded hourly for 24 hours. In 
patients receiving digoxin, the total 24-hour loading dose 
and the post-load serum digoxin levels were collected. In 
patients who received amiodarone, administration of a 150 
mg bolus dose was recorded if given at the start of infusion 
and any subsequent bolus doses over the following 24-hour 
period. The total dose of amiodarone received over the 24-
hour study period and duration of infusion were collected. 

Primary/secondary outcomes 

The primary outcome was time until ventricular rate 
control, defined as a heart rate <110 bpm. A subgroup 
analysis of the primary outcome was performed where 
patients in both study groups were stratified according to 
exogenous catecholamine use. Secondary outcomes included 
maintenance of target heart rate, time to sinus rhythm 
conversion, need for rescue therapy with alternate study 
drug, ICU length of stay, and 30-day mortality. Maintenance 
of target heart rate was defined as the percentage of time 



Journal of Emergency and Critical Care Medicine, 2018 Page 3 of 11

© Journal of Emergency and Critical Care Medicine. All rights reserved. J Emerg Crit Care Med 2018;2:63jeccm.amegroups.com

spent at goal heart rate over the 24-hour period. In addition, 
adverse effects, such as the incidence of bradycardia and 
hypotension were collected and included in the safety 
analysis. Hypotension was defined as either a systolic blood 
pressure <90 mm Hg if not on vasopressors, or a 10% 
increase in the infusion rate of a vasoactive medication. 
Bradycardia was defined as a heart rate <50 bpm. 

Statistical analysis 

All analyses were performed using Stata v13.1 (StataCorp 
LP, College Station, Texas, USA). Baseline characteristics 
of patients were compared using the Mann-Whitney U test 
and Fisher's exact test, as appropriate. The primary end 
point, time to ventricular rate control, as well as time to 
normal sinus rhythm and percentage of time with heart rate 
control, and length of stay endpoints were assessed using 
the Mann-Whitney U test. The percentage of patients with 
adverse events was assessed using Fisher's exact test. The 
primary outcome was additionally assessed using Kaplan-
Meier curves and univariate Cox proportional hazard 
modeling, censored at 24 hours.

In order control for differences in baseline characteristics, 
a propensity score was calculated to determine the 
probability of treatment with amiodarone. The propensity 
score was calculated using treatment with amiodarone as 
the dependent variable, and all variables with a bivariate 
P<0.2 included as independent variables. This propensity 
score was then used to generate inverse probability of 
treatment weights (IPTW). The IPTW was then used in a 

weighted Cox proportional hazards model, with treatment 
with amiodarone serving as the sole independent variable. 
As left-ventricular ejection fraction (LVEF) at baseline was 
missing for 38 patients, the propensity score analysis was 
performed in the subgroup of 48 patients with complete 
data available (11).

Results

A total of 268 patients were screened for inclusion. Of 
those screened, 32 patients in the amiodarone group and 
54 patients in the digoxin group met inclusion criteria 
(see Figure 1). Table 1 shows the demographic information 
of the study population and their baseline hemodynamic 
parameters. The mean age of the patients was 74 years 
and 69.6% were male. The mean baseline heart rate in the 
amiodarone group was 140 and 134 bpm (P=0.15) in digoxin 
group. There was no difference in the APACHE II scores 
between both groups. Patients in the amiodarone group 
were more likely to have new-onset atrial fibrillation (75% 
vs. 50%, P=0.02), be mechanically ventilated (56.3% vs. 
31.5%, P=0.04), and started on a propofol infusion (28.1% 
vs. 9.3%, P=0.03). In the digoxin group, patients were more 
likely to be on a beta-blocker as part of their home rate 
control regimen (21.9% vs. 53.7%, P=0.006). The mean 
bolus dose of amiodarone was 154.6 mg with a total mean 
24-hour dose of 933.75 mg. Amiodarone infusions were 
continued for a median of 36 hours and the total median 
24-hour dose of digoxin was 562.5 mcg. A post-load level 
was obtained in 23 (42.6%) patients and was 0.93 ng/mL.

268 screened
Adult patients with new-onset or chronic 

atrial fibrillation or flutter from June 1, 2014 to 
December 31, 2016

182 excluded:
46 AF prophylaxis
44 used study drug for ventricular arrhythmias
28 home medication
27 CTICU patients
22 used study drugs concurrently
12 missing chart
3 deaths within 24 hours of study drug initiation 

Amiodarone
n=32

Digoxin
n=54

Figure 1 Patient eligibility. 
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Table 1 Baseline demographics 

Characteristics Amiodarone, n=32 Digoxin, n=54 P

Age, years 74±14 76±12 0.45

Male 22 (68.8) 38 (70.4) 1

Actual body weight (kg), mean ± SD 75±28 73±16 0.9

ICU admission

Medical 20 (62.5) 31 (57.4) 0.65

Surgical 9 (28.1) 12 (22.2) 0.6

Coronary care 3 (9.4) 11 (20.4) 0.23

APACHE II, mean ± SD 15±7 15±5 0.36

Hospital LOS, median [IQR] 18 [11.5–27.5] 17 [8–31] 0.67

Baseline heart rate, bpm, mean ± SD 140±22 134±15 0.15 

Initial rhythm

Atrial fibrillation 29 (90.6) 52 (96.3) 0.35

Atrial flutter 3 (9.4) 2 (3.7) 0.35

New-onset 24 (75.0) 27 (50.0) 0.02

Chronic 8 (25.0) 23 (42.6) 0.11

Paroxysmal 0 3 (5.6) 0.29

Unknown 0 1 (1.9) 1

ICU admission reason

Pneumonia 6 (18.8) 7 (12.9) 0.53

Sepsis 10 (31.3) 21 (38.8) 0.49

ACS 0 4 (7.4) 0.29

CHF exacerbation 2 (6.3) 4 (7.4) 1

General surgery 6 (18.8) 9 (1.6) 0.77

Orthopedic surgery 0 3 (5.5) 0.29

Other 8 (25) 6 (11.1) 0.13

Comorbidities

HTN 23 (71.9) 41 (75.9) 0.79

CAD 6 (18.8) 11 (20.4) 1

Pulmonary disease 9 (28.1) 7 (12.9) 0.09

Hypothyroidism 1 (3.1) 3 (5.6) 1

HLD 11 (34.4) 17 (31.5) 0.81

CKD 2 (6.3) 4 (7.4) 1

LVEF (%), median [IQR] 65 [55–65]
a

60 [40–63.4]
b

0.2

Table 1 (continued)
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Table 1 (continued)

Characteristics Amiodarone, n=32 Digoxin, n=54 P

Renal function

Serum creatinine (mg/dL) 1.03 [0.79–1.82] 1.04 [0.76–1.56] 0.55

CrCl (mL/min), mean ± SD 55.4±31.61 50.8±26.89 0.63

Acute kidney injury 12 (37.5) 17 (31.5) 0.63

End-stage renal disease 1 (3.1) 2 (3.7) 1

Respiratory status

Mechanically ventilated 18 (56.3) 17 (31.5) 0.04

BiPAP 0 3 (5.6) 0.29

Non-rebreather 1 (3.1) 0 0.37

Nasal cannula 1 (3.1) 3 (5.6) 1

Home rate control

Beta-blocker 7 (21.9) 29 (53.7) 0.006

Calcium channel blocker 3 (9.4) 2 (3.7) 0.35

Ranolazine 1 (3.1) 4 (7.4) 0.64

Concurrent rate control 

Beta-blockers 18 (56.3) 41 (75.9) 0.06

Calcium channel blocker 11 (34.4) 13 (24.1) 0.32

Continuous infusion sedation

Propofol 9 (28.1) 5 (9.3) 0.03

Midazolam 1 (3.1) 1 (1.9) 1

Lorazepam 0 2 (3.7) 0.52

Fentanyl 14 (43.8) 13 (24.1) 0.09

Dexmedetomidine 2 (6.3) 3 (5.6) 1

Vasopressor/inotrope therapy

Norepinephrine 12 (37.5) 11 (20.3) 0.13

Epinephrine 1 (3.1) 1 (1.8) 1

Dopamine 2 (6.2) 0 0.13

Vasopressin 4 (12.5) 3 (5.5) 0.41

Phenylephrine 4 (12.5) 4 (7.4) 0.46

Dobutamine 1 (3.1) 3 (5.5) 1

All values are reported as n (%) unless otherwise stated. 
a
, n=29; 

b
, n=19. LOS, length of stay; SD, standard deviation; IQR, interquartile 

range; ICU, intensive care unit; ACS, acute coronary syndrome; CHF, congestive heart failure; HTN, hypertension; CAD, coronary artery 
disease; HLD, hyperlipidemia; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction.
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After 24 hours, rate control was achieved in 29 (90.6%) 
of amiodarone patients and 52 (96.3%) of the digoxin 
patients (P=0.35). Patients in the amiodarone group 
achieved target heart rate at a median of 4 hours compared 
with a median of 5.5 hours], P=0.46 in the digoxin group 
(see Table 2). Figure 2 shows the plot of the percentage 
of patients who achieved HR <110 bpm within the first 
24 hours through Kaplan-Meier estimates. In addition, 
patients receiving amiodarone had persistently lower hourly 
heart rates compared to digoxin across all time points with 
a mean difference of 4±3 bpm however, the difference only 
reached statistical significance at hour 4 (see Figure 3). 

Overall, once target ventricular rate was achieved, there 
was no significant difference between the two agents in 

maintaining goal heart rate (74% vs. 78%, P=0.18). Neither 
amiodarone nor digoxin required rescue therapy with the 
alternate study drug (see Table 2). More patients in the 
amiodarone group were converted to normal sinus rhythm 
compared to the digoxin group (50% vs. 16.6%, P<0.05). 
There was no difference in ICU length of stay or in 30-day 
mortality between groups. 

The frequency of hypotension was not significantly 
different among the two groups. One (3%) patient in the 
amiodarone group experienced bradycardia that required 
the cessation of infusion. In addition, one patient receiving 
amiodarone developed a mild phlebitis, which resolved 
upon changing the infusion site (see Table 3).

A subgroup analysis was conducted which assessed the 
impact of β-1 active catecholamines (e.g., norepinephrine, 
epinephrine, dopamine, and dobutamine) on the primary 
outcome (Table 4) among both amiodarone and digoxin 
patients. In the digoxin group, 13 patients (24%) received 
catecholamines concurrently, of which, 11 (84.6%) achieved 
target heart rate within 24 hours compared to 40 (97.6%) 
of patients who received digoxin without catecholamines 
(P=0.08). There was no significant difference in baseline 
heart rates between digoxin subgroups (132±13 vs.  
134±15 bpm, P=0.62), however, at 24-hours the patients 
who received concomitant catecholamines had a significantly 
higher heart rate (106.5±11.59 vs. 94.49±15.53 bpm, P=0.02) 
(see Figure 4). In the amiodarone subgroups, there was no 
significant difference between the mean baseline and 
24-hour heart rates. The number of patients who achieved 
target heart rate within 24 hours as well as the time until 
goal heart rate was attained was similar in both subgroups. 
On average, the heart rate was 7±5 bpm higher in the 

Table 2 Primary and secondary outcomes

Outcome Amiodarone, n=32 Digoxin, n=54 P

Primary outcome

Time until VR control (HR <110 bpm), median [IQR] 4 [2–4] 5.5 [2–11] 0.46

Secondary outcomes

30-day mortality 10 (16.9) 11 (20.3) 0.85

ICU LOS (days), median [IQR] 8.5 [5–19] 7 [4.5–15] 0.21

Time to NSR (hours), median [IQR] 5.5 [3.75–7.5]
c

8 [3–15]
d

0.63

Maintenance of target heart rate (%) 74 78 0.18

Need for rescue with other study drug 0 0 –

All values reported as n (%) unless otherwise specified. 
c
, n=16 (50%); 

d
, n=9 (16.6%), P<0.05. VR, ventricular rate; IQR, interquartile 

range; LOS, length of stay; NSR, normal sinus rhythm.

Figure 2 Kaplan-Meier curve of patients achieving heart rate 
<110 bpm.
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Figure 3 Mean ventricular rate over 24 hours. The difference in mean ventricular rate was statistically significant at hour 4 only (P=0.03).
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Table 3 Adverse event profile

Adverse event Amiodarone, n=32 Digoxin, n=54

Bradycardia 1 (3.1) 0

Hypotension
e

2 (6.3) 1 (1.9)

All values are reported as n (%) unless otherwise stated. 
e
, Defined as either: I. systolic blood pressure <90 bpm if not on vasopressors, II. 

10% increase from baseline rate.

Table 4 Subgroup analysis of patients with and without concurrent catecholamines

Factor

Amiodarone Digoxin 

Concurrent 
catecholamines

f
, n=17

No catecholamines, 
n=15

P
Concurrent 

catecholamines
f
, n=13

No catecholamines, 
n=41

P

Baseline Heart Rate (bpm), 
mean ± SD

135±21 145±25 0.21 132±13 134±15 0.62

Heart rate at hour 24 (bpm), 
mean ± SD 

95±17 91±17 0.5 107±12 95±16 0.02

Patients achieving target  
VR within 24 hours, n (%) 

15 (88.2) 14 (93.3) 1 11 (84.6) 40 (97.6) 0.08

Time until VR control, 
Median [IQR]

4 [2–12] 3 [1.5–4.5] 0.16 5 [2–9.5] 6 [2.3–11] 0.25

f
, Catecholamines refers to agents with β1 agonist properties (i.e., norepinephrine, epinephrine, dopamine, dobutamine).

digoxin group compared to amiodarone in the study drug-
only subgroup compared to a difference of 4±3 bpm in the 
concurrent study drug and catecholamine group.

Discussion

To the best of our knowledge, our study is the first directly 

comparing the safety and efficacy of amiodarone and digoxin 
in critically ill patients. In this study, there was no difference 
in the number of patients who achieved ventricular rate 
control within 24 hours, in the time until such rate control 
was achieved, and in the ability of the amiodarone and 
digoxin to maintain the rates at goal. In the subgroups of 
patients who received exogenous catecholamines, digoxin 
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was unable to effectively and consistently lower the heart 
rate to goal—an effect not seen in the amiodarone group.

In a 2004 study by Thomas and colleagues, patients 
were randomized to receive sotalol, amiodarone, or digoxin 
(control group) with the goal of assessing the safety and 
efficacy of these agents in converting patients to normal 
sinus rhythm. This study enrolled a total of 140 patients who 
presented to the emergency department with symptomatic 
atrial fibrillation but utilized extensive exclusion criteria (i.e., 
uncorrectable SBP <90 mmHg, signs or symptoms of heart 
failure, asthma or chronic airway limitations, prolonged 
QTc, active hepatitis, postoperative patients, etc.). The 
disposition of these patients post-intervention is not 
addressed in the study, so the severity of illness of patients is 
unknown (12). Similarly, a 2009 study by Siu and colleagues 
compared the efficacy of intravenous diltiazem in achieving 
sustained ventricular rate control (defined as HR <90 bpm 
for ≥4 hours) to that of amiodarone and digoxin. This study 
also randomized stable emergency department patients with 
acute onset symptomatic atrial fibrillation less than 48 hours 
in duration and utilized extensive exclusion as well (i.e., 
patients with hypotension, congestive heart failure, renal 
failure, respiratory failure, bleeding disorders, and etc.). 
The disposition of these patients post-intervention is also 
unknown (10). Perhaps the most relevant study in terms of 
severity of illness is the 1995 digoxin-controlled study by 
Hou and colleagues which sought to assess the efficacy of 
amiodarone in conversion to sinus rhythm among patients 
with recent-onset atrial fibrillation or flutter. In this study, 
patients who were included for analysis were admitted to 
the coronary intensive care unit for telemetry monitoring. 

The severity of illness of these patients is unknown as a 
number of patients were admitted from an outpatient clinic 
and only 29–38% of patients received either dopamine or 
dobutamine, the indication for which is also unknown (9).

The findings in study are similar to the results seen by 
Siu and colleagues where both digoxin and amiodarone were 
similarly efficacious in achieving a sustained ventricular 
rate control (defined as HR <90 bpm for ≥4 hours);  
the median time to ventricular rate control was 6 hours (range: 
3–15 hours) with digoxin and 7 hours (range: 1–18 hours) with 
amiodarone. However, an equal number of patients achieved 
ventricular rate control at 24 hours (74% in each group) 
which is similar to our study (74% vs. 78%, respectively) (10). 
In contrast, in the study by Hou and colleagues, patients 
receiving amiodarone appeared to achieve a HR <110 bpm 
at a mean of 2 hours compared to a mean 8 hours with 
digoxin. It should, however, be noted that the mean dose 
of amiodarone in the study was 1,383±250 mg which is 
higher than the dose a patient would receive in a 24-hour 
period today (9). This is in contrast to the 1,050 mg over  
24 hours that patients would conventionally receive 
in clinical practice today. In the study by Thomas and 
colleagues found that patients achieved rate control within 
30 minutes in the amiodarone group versus >6 hours in 
the digoxin group (12). It should be noted that in all three 
studies, the comparison between amiodarone and digoxin 
for rate control was a secondary outcome. 

An interesting finding in our study was that there was 
no significant difference in the maintenance of target heart 
rate once it was achieved. This finding was unexpected due 
to the pharmacology of digoxin. Digoxin’s mechanism of 

Figure 4 Subgroup analysis: mean ventricular rates over 24 hours.
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action in heart failure is well known, though, studies have 
demonstrated that digoxin acts directly on the atrial tissues 
and the atrioventricular (AV) node. In a resting patient, 
digoxin enhances the parasympathetic tone of the heart 
via vagal nerve enervation which increases the effective 
and functional refractory period of the AV node (13-15). 
Because digoxin is predominantly a parasympathomimetic 
drug, it is believed to be minimally effective in states with 
a high sympathetic tone (e.g., sepsis) because the resultant 
catecholamine release can overcome digoxin’s vagotonic 
effects (13). Amiodarone, on the other hand, is a Vaughn-
Williams class III antiarrhythmic agent which exerts its 
effects via potassium channel blockage, however, it has 
beta-blocking and calcium channel blocking effects as well 
and therefore does not have the same reported limitation 
as digoxin (16). In our study, more than half of the patients 
in the digoxin group were admitted to the ICU for sepsis 
or pneumonia—conditions which are associated with high 
sympathetic tone. 

The most abundant data concerning the efficacy of 
digoxin in patients with a high sympathetic state is found 
in exercise and paroxysmal atrial fibrillation studies  
(6-8,17-20). During exercise, vagal tone is withdrawn and 
sympathetic activity typically predominates which renders 
digoxin less effective (6-8,17). Similarly, the decreased 
efficacy of digoxin in paroxysmal atrial fibrillation can be 
explained by the high catecholamine release that occurs at 
the onset of a paroxysm which overcomes the vagotonic 
effect of the drug (14,18,19).

Literature evaluating the efficacy of digoxin on rate 
control in sepsis is sparse. In a 1975 study, approximately 
69% of clinically stable patients with atrial fibrillation 
(digoxin concentrations <2 ng/mL) reached a target HR 
<110 bpm compared to 16 clinically unstable patients who 
had only 39.5% of digoxin concentrations <2 ng/mL that 
correlated with a HR <110 bpm. This study demonstrated 
that significantly higher digoxin concentrations were 
required in the unstable patients in order to reach similar 
heart rate control. However, in the clinically unstable 
group, only two patients were septic and four patients 
had “pulmonary disease with hypoxemia” which was  
unspecified (20). Our study, however, suggests that digoxin 
has similar efficacy at 24 hours despite being initiated in 
patients with high sympathetic tone. 

Studies have demonstrated that sepsis is characterized 
by an increased sympathetic outflow (20,21). However, in a 
1995 study which compared circulating catecholamine levels 
in sepsis survivors and non-survivors, endogenous levels of 

norepinephrine, epinephrine, and vasopressin decreased 
to physiologic levels within 5 days in survivors (22). 
Perhaps, in convalescing septic patients, the increased vagal 
mediation of the parasympathetic tone of digoxin is able to 
exert its effects as endogenous catecholamine levels decline. 
This theory may help to explain why the mean heart rate 
in the digoxin group was consistently higher than in the 
amiodarone group across all time points, which is consistent 
with previous literature (10,12). However, per our subgroup 
analysis, it appears that digoxin group patients who received 
concurrent chronotropic catecholamines had both clinically 
and statistically higher heart rates at 24 hours compared to 
the digoxin patients without concurrent administration—
an effect which was not observed among the amiodarone 
group. In the subgroup of patients not receiving concurrent 
catecholamines, it appears that either agent is effective at 
lowering the heart rate to goal <110 bpm, however patients 
in the digoxin group took longer by a median of 3 hours. In 
the subgroup of patients who require the use of exogenous 
catecholamines, digoxin was not as effective or consistent in 
lowering the heart rate to goal. Overall, critically ill patients 
who do not receive exogenous catecholamines appear to 
do well with either agent—the selection of which should 
depend upon patient specific factors such as expected 
adverse events. In this study, the use of both amiodarone 
and digoxin was associated with few side effects such as 
hypotension and bradycardia. 

This study has several limitations intrinsic to the nature 
of a retrospective chart review. This single-center study had 
a small sample size. In addition, there were also differences 
in baseline characteristics. More patients in the amiodarone 
group had new-onset atrial fibrillation. This difference is 
likely due to amiodarone’s ability to pharmacologically 
convert these patients into normal sinus rhythm. In the 
digoxin group, more patients were on beta-blockers at 
home for rate control compared to the amiodarone group, 
however, upon admission many patients in the amiodarone 
group were started on beta-blockers and the difference lost 
statistical significance. Furthermore, as the focus of the 
study was acute rate control (within 24 hours), long-term 
safety and efficacy outcomes were not assessed. 

Conclusions

In our observation, amiodarone and digoxin were had 
similar efficacy in the time until ventricular rate control 
was achieved. In addition, both groups were similarly 
effective in achieving and maintaining goal heart rate at  
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24 hours. In the subgroup of patients not receiving 
concurrent catecholamines, it appears that either agent 
is effective at lowering the heart rate to goal <110 bpm, 
however patients in the digoxin group take longer by 
a median of 3 hours. In the subgroup of patients who 
required the use of exogenous catecholamines, it appears 
that digoxin is not as effective or consistent in lowering the 
heart rate to goal. Overall, critically ill patients who do not 
receive exogenous catecholamines appear to do well with 
either agent—the selection of which should depend upon 
patient specific factors such as expected adverse events. In 
the safety analysis, both agents were well tolerated.
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