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ARTICLE INFO ABSTRACT

Purpose: To explore the impact of digoxin on hemodynamic parameters in patients with sepsis and tachycardia
Keywords: admitted to the intensive care unit.
SDelic;iXsm Materials and methods: Retrospective review of adult patients admitted to the medical and mixed ICU at Mayo

Clinic Rochester, Minnesota from March 2008 to February 2018, initiated on digoxin within 24 h of ICU stay.
Hemodynamic parameters were reviewed before digoxin administration and at 6, 12 and 24 h after. Adverse
events including new onset conduction abnormalities or arrhythmias during the first 48 h after digoxin admin-
istration were reviewed by a critical care cardiologist.

Results: Study included 180 patients. We observed significant decrease in heart rate from 124 (115-138) beats/
min 1 h before digoxin to 101 (87-117) 6 h after digoxin and 94 (84-112) 12 h after (p <.01). Median systolic
blood pressure increased from 100 (91-112) mm Hg 1 h before to 110 (100—122) (p < .01) and 111
(103-124) at 6 and 12 h respectively after digoxin.

Conclusions: Early digoxin administration in patients with sepsis and tachycardia is uncommon but associated
with improvements of hemodynamic parameters. These preliminary results will help formulate future hypothe-
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ses for focused trials on utility, efficacy and safety of digoxin in sepsis.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Sepsis-induced myocardial dysfunction, with depressed systolic
function, is a common complication occurring in approximately
30-60% of patients with sepsis and is associated with increased mortal-
ity [1-3]. The hyperdynamic phase of sepsis impacts the circulatory sys-
tem by resulting in a state of increased cardiac output and decreased
systemic vascular resistance. Tachycardia during this phase is a com-
pensatory effect responding to both an intramyocardial inflammatory
response and adrenergic stimulation from cardiac under filling, fever,
anemia, agitation and drug effects [3-5]. The modified shock index
(MSI) can be applied to measure the effects of this hyperdynamic
phase in sepsis as it is a measurement of the ratio of the heart rate
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(HR) to the mean arterial blood pressure (MAP). In sepsis, especially
in the early course, an increase in the MSI is associated with an
increased mortality [6,7].

Excessive tachycardia during the hyperdynamic phase of sepsis can
impede the diastolic filling phase of the cardiac cycle and subsequently
cardiac output. The use of esmolol in this hyperdynamic phase improves
tachycardia and mortality. However, the widespread use of esmolol has
been limited because of concerns surrounding the negative inotropic ef-
fects of beta-blockers and the potential for worsening sepsis associated
cardiovascular decompensation [8,9].

In contrast to beta-blockers, the cardiac glycoside digoxin possesses
a negative chronotropic effect along with a positive inotropic effect.
Thus, it is an appealing drug for improving heart rate without inducing
or enhancing hypotension [5]. Concerns about the narrow therapeutic
index of digoxin however may limit its use, especially in those with
renal insufficiency and in the elderly [10]. The objective of this study
was to conduct a preliminary exploration of the hemodynamic effects
of early digoxin administration in patients admitted to the intensive
care unit (ICU) with sepsis and tachycardia.
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2. Materials and methods
2.1. Study design and setting

This is a single-center retrospective review of adult patients
(218 years old) with sepsis and tachycardia or tachyarrhythmia, admit-
ted to the medical and mixed (medical and surgical) ICUs at Mayo Clinic
Rochester, Minnesota from March 2008 to February 2018, whom were
initiated on digoxin within the first 24 h of their ICU stay. This research
study was reviewed and approved by the Mayo Clinic Institutional
Review Board (IRB 18-002424).

2.2. Study patients

2.2.1. Inclusion

Adult patients (218 years of age) in whom digoxin was newly initi-
ated within 24 h of ICU admission and had a diagnosis of sepsis and
tachycardia or tachyarrhythmia (HR > 100 bpm).

2.2.2. Exclusion
Patients without research authorization, <18 years of age, pregnant
or those who received digoxin at home before hospital admission.

2.3. Definitions

Digoxin use was defined as initiation of intravenous digoxin as doc-
umented in the electronic medical record (EMR). Digoxin total loading
dose was defined as total load of digoxin within 24 h of initiation.

We defined sepsis by applying the Sepsis-3 criteria: increase in a
SOFA score at day 1 of 22 and suspicion for infection. Suspicion for infec-
tion was identified by whether cultures were obtained (regardless of
the result) and antimicrobial therapy was administered [11,12].

Tachycardia was defined as a heart rate (HR) >100 beats per minute
within 1 h before digoxin administration.

Tachyarrhythmia was defined atrial fibrillation (paroxysmal, new
onset or persistent) and/or atrial flutter within 1 h prior to digoxin
administration.

2.4. Data sources

Data retrieval was performed by the anesthesia clinical research unit
(ACRU) and a research fellow using our institutional databases and
query tools. The ICU DataMart is an integrated institutional database
that collects a near-real-time copy of clinical and administrative data
from the EMR [13] and Advanced Cohort Explorer (ACE) is a query
tool that allows access to data stored in the Enterprise Data Trust
(EDT). Further manual data abstraction from the EMR was performed
by a research fellow and two internal medicine residents. The manual
abstractors identified sepsis by application of the Sepsis-3 criteria.
SOFA scores were available from the institutional databases and ab-
stractors reviewed the EMR to identify suspicion of infection (cultures
obtained, antimicrobial therapy administered). JMP Pro software (SAS
Institute, Cary, NC) was used for data collection and analysis.

2.5. Outcome variables

The primary endpoint of interest was impact of digoxin administra-
tion on hemodynamic profiles including MSI, HR, systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP). The MAP at 1 h before
digoxin administration and at 6, 12 and 24 h after digoxin administra-
tion were also reviewed. Secondary outcomes included vasoactive med-
ication use; development of clinically significant bradycardia (defined
by concurrent hypotension requiring use of vasopressors); new onset
cardiac arrhythmias or conduction abnormalities within 48 h of initia-
tion of digoxin or during the hospital stay if digoxin was continued
after ICU discharge.

Digoxin administration details including doses and continuation
after ICU and hospital discharge were extracted from the EMR. Addi-
tional variables including patient demographics and clinical data
(age, sex, weight at ICU admission, comorbidities (Charlson comorbid-
ity index), Acute Physiology and Chronic Health Evaluation (APACHE)
Il score, and Sequential Organ Failure Assessment (SOFA) score, and
ejection fraction within 1 year before ICU admission and during ICU
stay were collected. The following variables were also of interest for
secondary outcomes: ICU length of stay (LOS) and hospital LOS in
days; ICU mortality and hospital mortality; vasopressor administration
data at the time of digoxin administration and at 24 h; use of beta-
blockers, calcium channel blockers, and amiodarone within 24 h of
ICU admission. Vasopressor doses were converted to NE equivalents
using the following rules: 1 g epinephrine = 1 ug norepinephrine,
1 pg phenylephrine = 0.45 pg norepinephrine, 1 unit vasopressin
= 5 pg norepinephrine, 100 ug dopamine = 1 pg norepinephrine
[14-16].

Laboratory parameters extracted include creatinine and potassium
levels prior to digoxin administration, and lactate level - the first mea-
surement in ICU and the highest level during the ICU stay.

2.6. Statistical analysis

Descriptive statistics of baseline comorbidities, severity of illness,
dose and timing of digoxin and other vasoactive medications adminis-
tered, vital signs, organ failure (SOFA) and ICU and hospital outcomes
(length of stay, mortality) was performed. Paired analysis was used to
compare heart rate, blood pressure and vasoactive medication use and
dosage before and after initiation of Digoxin (1 h before and 6, 12 and
24 h after).

Continuous variables are expressed as median (IQR) and differences
in median before and after digoxin administration were tested with
Wilcoxon signed rank test. Categorical variables are presented as
count and percentage and compared using McNemar's test.

A subgroup analysis of outcomes was performed on two groups of
patients, those who had baseline atrial tachyarrhythmias (atrial fibrilla-
tion or atrial flutter) and those who had sinus tachycardia.

3. Results

Of the adult patients who were admitted to the medical and mixed
ICU during the study period, 483 patients were initiated on Digoxin
within the first 24 h of their ICU stay. We excluded 33 patients without
research authorization and 51 patients who had a SOFA score day 1 < 2.
The EMR of the remaining 399 patients were reviewed by the two
trained internal medicine residents and the research fellow to verify
sepsis as per Sepsis-3 criteria (Fig. 1).

The final cohort included 180 patients of which one hundred fifty-
four patients (85.5%) had atrial fibrillation or atrial flutter, 23 patients
(12.8%) had sinus tachycardia, and 3 patients (1.7%) had other arrhyth-
mias (two had supraventricular tachycardia and one had a multifocal
atrial tachycardia). Of these 180 study patients, 59% were admitted to
the medical ICU and 41% were admitted to the mixed ICU. Table 1 dem-
onstrates the baseline characteristics of the cohort.

Baseline characteristics of the subgroup of patients with atrial
fibrillation or atrial flutter and sinus tachycardia are outlined in
Table E1, E-data supplement.

Table 2 shows the primary endpoints which include changes from
baseline modified shock index, heart rate and blood pressure at 6, 12
and 24 h following digoxin administration.

The hemodynamic profiles of patients with atrial tachyarrhythmia
and sinus tachycardia are outlined in Table E2 and E3 of the electronic
supplementary data. Seventy-five (42%) of patients required vasopres-
sor support. 60 patients (33%) received vasopressors before digoxin
use and 71 (39%) - during the first 24 h of digoxin use. Median
dose of vasopressors was similar before and 24 h after Digoxin
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Adult patients (218 years of age) admitted to medical and mixed ICU at Mayo Clinic
Rochester and received digoxin within first 24 hours of ICU stay
(n=483)

Excluded (n =303):

° Did not have research authorization (n=33)
° Did not meet Sepsis-3 criteria (n=227)
> . Received digoxin at home before hospital

admission (n=21)
° Heart rate <100 (n=22)

Included in final analysis
(n = 180)

A 4 \

A 4

Baseline atrial
fibrillation or flutter
(n=154)

Baseline sinus
tachycardia
(n=23)

Other supraventricular
arrhythmias
(n=3)

Fig. 1. Study flow diagram.

administration, 0.053 (0.024, 0.133) pg/kg/min vs 0.048 (0.015, 0.124)
pg/kg/min in norepinephrine equivalent units, p = .65. Similarly, there
was no difference in the median vasopressor doses in subgroups of atrial
fibrillation or atrial flutter and sinus tachycardia (Table E4, E-data sup-
plement). The concomitant use of antiarrhythmic drugs (beta-blockers,
calcium channel blockers, amiodarone) in the first 24 h of ICU stay was
common (Table E5). Median SOFA score decreased from 6 (4-10) in day
1to4 (3-8)inday 2, p <.01. The median ICU length of stay for the sam-
ple was 2.1 days (1.3-4.2), median hospital length of stay 10.4 days
(5.9-18.3), ICU mortality was 15.6% and hospital mortality 27.8%.

Of note, in a subset of 40 patients, an echocardiogram with docu-
mented ejection fraction (EF) was available within the preceding year
from ICU admission. The median (IQR) EF in this group was 57
(34.8-64.3). Following administration of digoxin, the median EF mea-
sured by echocardiogram during ICU stay was 55 (34.8-64.3), p = .45.

Adverse events: All potential digoxin side effects were reviewed by a
critical care cardiologist. For patients continued on digoxin beyond the
initial dose and beyond ICU stay, the EMR was reviewed for any new
onset arrhythmias or conduction abnormality over the course of the en-
tire hospitalization. In total, we identified 2 episodes of new atrial flutter
with variable block, 6 cases of sinus bradycardia, 1 case of atrial fibrilla-
tion with bradycardia, and no ventricular arrhythmias within 48 h of di-
goxin administration. No interventions were required for the identified
dysrhythmias.

4. Discussion

This retrospective review of a cohort of patients who received di-
goxin within 24 h of ICU admission and had sepsis with tachycardia or
tachyarrhythmia, found improvement in the hemodynamic parameters
including MSI after administration of digoxin. Digoxin use in sepsis is

uncommon at our center. In >30,000 ICU admissions at only 483 re-
ceived digoxin within the first 24 h and only 180 of these patients met
Sepsis-3 criteria and had tachycardia. The majority of these patients
(85.5%) had an atrial tachyarrhythmia (atrial fibrillation or atrial
flutter).

The use of digoxin in sepsis has been previously studied in a limited
fashion in small trials. Worthley et al. and Nasraway et al. have shown
improvements in HR and MAP along with stroke volume index and
left ventricular stroke work index with use of digoxin [5,17]. Our
study supports these findings related to HR and MAP calculated as in
improvements of MSL

Digoxin is a cardiac glycoside that binds selectively to the a-subunit
of Na-K-ATPase resulting in increased intra-cellular calcium. The in-
crease in the intra-cellular calcium is the primary driver of the positive
inotropy with digoxin. Other effects include a negative chronotropic ef-
fect, increased vagal tone, vasoconstriction within the coronary arteries,
reduced sympathetic tone, indirect vasodilation in patients with heart
failure, reduced oxidation of fats and a related reduced basal metabolic
rate, and immunomodulatory effects including suppression of the pro-
duction of IL-6 and TNF-a in endotoxemia [5].

The most common sepsis-associated arrhythmia is atrial fibrillation
(AF) with up to half of all patients with septic shock developing new-
onset AF [18,19]. New-onset AF makes up more than 70% of all the sup-
raventricular arrhythmias that present in septic shock [18-21]. In our
study of patients with sepsis admitted to the ICU, 85.5% of patients
who received digoxin in the first 24 h of their ICU stay were noted to
have atrial fibrillation or atrial flutter. Current FDA recommendations
state that digoxin can be safely administered at a dose of 500 pig as a sin-
gle initial dose, followed by 250 g 6 h latera and a further 250 pg 6 h
after that for a total loading dose of 1000 pg [22]. The FDA listed indica-
tions and usage are specific to heart failure and atrial fibrillation.
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Table 1
Baseline characteristics.
Characteristic Median (IQR)
or N (%)

All patients (n = 180)

Atrial fibrillation or atrial flutter
Atrial fibrillation
Atrial flutter

Sinus tachycardia

154 (85.5%)
134 (74.4%)
20 (11.1%)
23 (12.8%)

Other supraventricular tachycardias 3(1.7%)
Age 72 (62-78)
Male sex 114 (63%)
Weight (kg) 84 (70-99)
Comorbidities (Charlson comorbidity index) 3(1-5)
APACHE 111 90 (75-101)
SOFA day 1 6 (4-10)
Creatinine® 1.2 (0.9-1.9)
Potassium? 4.1 (3.7-4.5)
Vasopressor use” 60 (33%)
Lactate at admission® (N = 147) 1.9 (1.3-3.1)
Time of first lactate measurement after ICU admission, hours 1.2 (0.7-24)
Maximum lactate during the ICU stay (N = 147) 2.3 (1.3-4.0)
Time of maximum lactate measurement after ICU admission, 3.2(1.2-18.4)

hours
Invasive ventilation use 49 (27%)
Digoxin start dose (1st bolus)

250 pg 51 (28%)

500 pg 129 (72%)
Digoxin total loading dose 750

(500-1000)

Digoxin time of administration after ICU admission, hours 5.8 (2.2-12.8)
Digoxin continued during the hospital stay after ICU discharge = 42 (23%)
Digoxin continued after hospital discharge 26 (14%)

2 Prior to digoxin administration, the most recent.
b Prior to digoxin administration.
¢ The first measurement during ICU stay.

Previous studies of digoxin use in critically ill patients have used doses
of 10-12 pg/kg intravenously without reported adverse effects [5,23].
Adverse effects of digoxin have not been evaluated in a randomized
controlled manner and largely come from sub-group analyses or meta-
analyses of observational trials. These trials are mainly related to rate
control in atrial fibrillation or chronic outpatient therapy of mild to
moderate systolic heart failure [24]. In our study like in previously de-
scribed sepsis trials that have looked at digoxin in sepsis, we found
that the majority of use was limited to the ICU at initial doses of either
250 pg or 500 pg. The median (IQR) total loading dose was 750
(500-1000) pg. Only 23% of our sample had digoxin continued through-
out the hospitalization with only 14% being discharged on digoxin. The
majority of these were patients with atrial fibrillation or atrial flutter.
Three out of the 23 patients with sinus tachycardia had digoxin contin-
ued after the ICU but none were discharged on digoxin. Additionally,
while this study identified 9 dysrhythmias following the administration

Table 2
Changes in the hemodynamic parameters.

of digoxin, none of these events had specific interventions. Thus, in this
study we found that in sepsis associated tachycardia a loading dose of
digoxin provided hemodynamic benefits without ventricular dysrhyth-
mias but some rhythm changes for which interventions were not re-
quired. This is of interest when considering the opportunity of using
digoxin as an alternative to agents such as esmolol. The opportunity
may be present to avoid the concerns of beta blocker induced hypoten-
sion or depressed stroke volume given the negative chronotropic and
positive ionotropic impact of digoxin. This study, of course, serves only
as a very preliminary pilot investigation for the potential of digoxin
use in patients with early sepsis. Further investigation is warranted.

4.1. Limitations

This study has several limitations. It is a single center retrospective
study with limited generalizability. We defined the study population
and used cases as their own controls to reduce random error and con-
founding. As the study has a retrospective design it is difficult to deter-
mine the exact circumstances that influenced the clinical decision of
administering digoxin. While the majority of patients had atrial fibrilla-
tion or atrial flutter, it is unclear why some clinicians used digoxin in pa-
tients with sinus tachycardia. Moreover, while we report changes in the
hemodynamic profiles following digoxin administration we cannot ex-
clude that this may be part of the natural evolution of the disease pro-
cess or the result of other interventions related to early resuscitation.
We also note that a large majority of the patients were on other rate
moderating medications such as beta-blockers, calcium channel
blockers and amiodarone. Thus, it is difficult in this type of study to
identify the impact of other these agents on the hemodynamic parame-
ters of interest. Another limitation arising from the retrospective nature
of this study, was that accurate data related to fluid administration was
not readily available. Absence of control groups limits our ability to
compare the effects of digoxin in patients with sepsis to patients receiv-
ing placebo or other medications. This data however, serves as interest-
ing preliminary pilot data that will help formulate hypotheses for future
trials that specifically test for efficacy and safety of digoxin in the
hyperdynamic phase of sepsis.

5. Conclusions

Patients with sepsis and tachycardia who receive digoxin within the
first 24 h after ICU admission have improvements in their hemody-
namic parameters. Digoxin may serve as an alternative agent to esmolol
in hyperdynamic phases of early sepsis, in particular septic shock. This
preliminary pilot data will help formulate hypotheses for future pro-
spective and larger studies to investigate the impact on clinical out-
comes, safety and efficacy of digoxin in sepsis.

Time N Heart rate Systolic blood pressure

Diastolic blood pressure

Mean arterial blood pressure Modified shock index (HR/MAP)

Changes in the hemodynamic parameters in 6 h after digoxin compared to 1 h prior to digoxin

1 h before digoxin 180 124 (115-138) 100 (91-112) 57 (50-67) 69 (62-78) 1.88 (1.58-2.08)
6 h after digoxin 180 101 (87-117) 110 (100-122) 57 (50-65) 71 (64-79) 1.37 (1.16-1.68)
p-value® <0.001 <0.001 0.08 0.16 <0.001

Changes in the hemodynamic parameters in 12 h after digoxin compared to 1 h prior to digoxin

1 h before digoxin 175 124 (115-138) 100 (92-113) 57 (50-67) 69 (62-78) 1.87 (1.58-2.08)
12 h after digoxin 175 94 (84-112) 111 (103-124) 56 (49-66) 72 (66-80) 1.30 (1.14-1.58)
p-value” <0.001 <0.001 0.11 0.02 <0.001

Changes in the hemodynamic parameters in 24 h after digoxin compared to 1 h prior to digoxin

1 h before digoxin 174 124 (115-138) 100 (92-113) 57 (50-67) 69 (62-78) 1.87 (1.58-2.08)
24 h after digoxin 174 95 (82-107) 112 (101-129) 57 (51-67) 72 (65-82) 1.33 (1.08-1.53)
p-value” <0.001 <0.001 0.85 0.048 <0.001

* Wilcoxon signed rank test for paired data.
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