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ABSTRACT
Objectives: Digoxin is an antiarrhythmic drug with a narrow therapeutic range and used in clinical conditions
such as heart failure and atrial fibrillation. The planar frontal QRS-T angle reflects the deviations between the
depolarization and repolarization of the ventricles, and it has been reported that an increase in this angle is
associated with an increase in mortality. In our study, the relationship between frontal QRS-T angle and digoxin
use and blood digoxin level was investigated. 
Methods: The study included 105 digoxin users who used digoxin, whose levels were measured, who had an
electrocardiogram (ECG) on the system, and 15 patients with similar characteristics, who had an ECG and did
not use digoxin. Patients using digoxin and whose levels were measured were also divided into three groups
as < 0.8 ng/mL, 0.8-1.2 ng/mL, and > 1.2 ng/mL. The absolute value of the value obtained by subtracting the
axis of the T wave from the axis of the QRS angle indicated on the paper, calculated automatically on the 12-
lead ECG, was accepted as the frontal QRS-T angle value. 
Results: Planar frontal QRS-T angle measured by 12-lead ECG in digoxin users was 120º (55.5º-155.5º), while
it was 106º (32º-163º) in non-users, and there was no statistical difference between the two groups (p = 0.833).
In the evaluation made according to different blood drug levels as < 0.8 ng/mL, 0.8-1.2 ng/mL, > 1.2 ng/mL
in digoxin users, no significant difference was observed between the frontal QRS-T angle between the groups
(109.5° [60.25°-154.25°] for < 0.8 ng/mL, 136.5° [48.5°-158.5°] for 0.8-1.2 ng/mL, 117° [34°-154°] for 1.2
ng/mL) (p = 0.773)
Conclusions: There was no significant difference in frontal QRS-T angle between digoxin users and non-
users. There was no significant relationship between different blood digoxin levels and frontal QRS-T angle.
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Digoxin is an antiarrhythmic drug with positive in-
otropic, negative dromotropic, and chronotropic

effects, used in the treatment of heart failure (HF),
atrial fibrillation (AF), supraventricular tachycardia.
The therapeutic range is narrow and in some cases
measurement of its level may be required. Moreover,
the serum drug level may reach high levels and cause
intoxication. In clinical practice, measurement of

blood level is not always possible due to reasons such
as laboratory conditions in the center and patient-re-
lated factors. 
      Planar frontal QRS-T angle can be defined as the
absolute value of the number obtained by subtracting
the QRS complex axis and the T wave axis, which can
be calculated by superficial 12-lead electrocardiogram
(ECG) [1]. The planar frontal QRS-T angle reflects
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the deviations between depolarization and repolariza-
tion of the ventricles, and an increase in this angle has
been reported to be associated with increased mortality
[2]. 
      Although the effects of digoxin on the ECG have
been clearly defined, its effects on the frontal QRS-T
angle and the relationship between this value and the
blood level have not been adequately studied. In our
study, we aimed to investigate the relationship be-
tween blood digoxin level and frontal QRS-T angle.

METHODS

Study Population 
This study was designed as a single-center retrospec-
tive study. A total of 400 patients who were referred
to Bursa City Hospital between July 2019 and Febru-
ary 2022, who received oral or intravenous digoxin
due to heart failure and AF, and whose blood digoxin
levels were studied have been evaluated. Patients with
blood digoxin levels in the system but no ECG and
those with bundle branch block and pre-excitation pat-
tern on the basal ECG and individuals under the age
of 18 years were excluded from the study. Finally, 105
patients were included in the study.15 patients with
similar patient characteristics but not using digoxin
were also comprised in the control group. The neces-
sary eligibility decision was taken from the Clinical
Research Ethics Committee of Bursa City Hospital
(decision no: 2022-4/2). The study was conducted by
the Helsinki Declaration principles. 

Laboratory Evaluation 
      Serum digoxin levels, which were evaluated by
the homogeneous immunoassay method, were
recorded. Complete blood count, liver and kidney
function tests, electrolytes, lipid profile, and thyroid
function tests determined from the samples taken dur-
ing the same period were also noted. 

Electrocardiography and Echocardiography 
      On the day the digoxin level was studied, 12-lead
surface ECG (GE Healthcare, MAC 2000 ECG Sys-
tem, 2063587-001) was taken in supine position at 25
mm/s paper speed and 10 mm/s voltage was evaluated.
ECGs, which were transferred to personal computers
afterward and magnified by 300%, were examined

under the Adobe Acrobat DC program. The QT inter-
val was measured as the time from the beginning of
the QRS complex to the end of the T wave. The cor-
rected QT interval was calculated with Bazett's for-
mula in patients with sinus rhythm. In AF patients, the
corrected QT interval was determined by averaging 10
beats using the Bazett formula. The planar frontal
QRS-T axis was found by taking the absolute value of
the difference between the automatically calculated
QRS complex axis and the T wave axis on the super-
ficial 12-lead ECG. If this value was above 180, the
number found by subtracting 360 was accepted as the
frontal QRS-T axis. 
      Echocardiograms of the patients recorded in the
system during the period in which digoxin levels were
measured were examined. Left ventricular ejection
fraction calculated using the modified Simpson
method was recorded. 

Other Parameters 
      The age and gender data of the patients were
noted. Concomitant diseases such as hypertension
(HT), diabetes mellitus (DM), hyperlipidemia (HL),
coronary artery bypass grafting (CABG),  percuta-
neous coronary intervention (PCI), and heart failure
(HF), which required continuous drug use were de-
tected. If there is heart failure, its etiology
(ischemic/nonischemic) and NYHA class were deter-
mined. If AF was present on ECG, whether it was
valvular or non-valvular and EHRA class was deter-
mined In addition, if there are drugs used concomi-
tantly with digoxin, it was recorded. 

Statistical Analysis 
      All statistical tests were conducted using the Sta-
tistical Package for the Social Sciences 25.0 for Win-
dows (SPSS Inc., Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to analyze the
normality of the data. Normally distributed variables
were expressed as mean ± standard deviation (SD),
while non-normally distributed variables were ex-
pressed as median with interquartile range (IQR). The
categorical variables are presented as percentages. The
Chi-square test was used to assess differences in cat-
egorical variables between groups. Student’s t-test or
Mann Whitney U test was used to compare unpaired
samples as needed. The relationships among parame-
ters were assessed using Pearson’s or Spearman's cor-
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relation analysis according to the normality of the data.
The significance of the difference between digoxin
levels groups was evaluated using one-way ANOVA
followed by Bonferroni corrected post-hoc test for
normally distributed numerical parameters. Parame-
ters that did not show normal distribution were evalu-
ated with the Kruskal–Wallis test, and the significance
between the groups was determined using the Mann–
Whitney U test pairwise comparison. The significance
of differences between groups for ordinal parameters
was assessed by using the chi-square test. Significance
was assumed at a 2-sided p < 0.05.

RESULTS

The clinical and demographic characteristics of the pa-
tients who used and did not use digoxin in the study
are shown in Table 1. While the mean age of individ-
uals using digoxin was 72 ± 14.1 years, it was 48.4 ±
14.0 years in those who did not use digoxin. The male
sex ratio was 39% in the digoxin group. This rate was
53.3% in the group that did not use digoxin. The rate
of percutaneous coronary intervention history was
higher in the group that did not use digoxin. In addi-
tion, there was no statistical difference between the
group’s HT, DM, HL, CABG, CKD, non-valvular AF,
HF. Also EHRA, NYHA class, and LVEF were simi-
lar. When the laboratory parameters were examined,
no difference was found between the two groups, ex-
cept that the triglyceride and WBC value was statisti-
cally higher in the group using digoxin. There was no
statistical difference between the two groups in terms
of drugs used other than digoxin. 
      The electrocardiographic findings of the patients

are given in Table 2. The corrected QRS duration was
detected to be longer in the group that did not use
digoxin than in those who used it. Other measurements
were similar. 
      The clinical, demographic and electrocardio-
graphic findings of individuals using digoxin accord-
ing to blood digoxin levels are given in Table 3. The
mean age was higher in the group with blood digoxin
level >1.2 ng/mL than in the group with < 0.8 ng/mL
(76.2 ± 11.2 years vs. 69.4 ± 13 years, p = 0.029). The
frequency of CKD was statistically higher in the > 1.2
ng/mL group than in the other groups ( 16.7% for <
0.8 ng/mL, 17.9% for 0.8-1.2 ng/mL, and 40.4% for
> 1.2 ng/mL, p = 0.03). EHRA class was statistically
higher in the > 1.2 ng/mL group compared to the < 0.8
ng/mL group (2.6 ± 0.9 vs. 2 ± 0.6, p = 0.024). In elec-
trocardiographic findings the mean heart rate was
found to be significantly higher in the < 0.8 ng/mL
group than in the >1.2 ng/mL group (94.8 ± 27
beats/min vs. 71 ± 22.6 beats/min, p = < 0.001). While
the QRS duration was shorter in the <0.8 ng/mL group
compared to the other groups (p = 0.033), the QT in-
terval was longer in the >1.2 ng/mL group than in the
< 0.8 ng/mL group (p = 0.031). The QTc interval was
longer in the 0.8-1.2 ng/mL group than in the >1.2
ng/mL group (p = 0.046). Urea, creatinine and GFR
values, which indicate kidney functions in laboratory
parameters, were statistically higher in the >1.2 ng/mL
group (61.4 mg/dL, p = < 0.009; 1.17 mg/dL, p = <
0.003;48.4 ± 23.1 mL/min/1.73 m2, p = < 0.001, re-
spectively). There is no significant difference in other
laboratory parameters. No significant difference was
observed in the drugs used, except that amiodarone
was used more in the 0.8-1.2 group than in the other
groups (3.4%, 25.9% and 8.7%, respectively) (p =
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0.023). 
      Consequently, when the results of the study were
evaluated, there was no statistically significant differ-
ence in frontal QRS-T angle in digoxin users com-
pared to non-users (120° [55.5°-155.5°] vs. 106°
[32°-163°]), (p = 0.833). In addition, there was no sta-

tistical significance between blood level and frontal
QRS-T angle in digoxin users (109.5° [60.25°-
154.25°] for < 0.8 ng/mL, 136.5° [48.5°-158.5°] for
0.8-1.2 ng/mL, 117° [34°-154°] for 1.2 ng/mL) (p =
0.773) (Figs. 1, 2 and 3).
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! %Fig. 1. Graphical representation of the relationship between digoxin level and frontal QRS-T angle.
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Fig. 2. Frontal QRS-T angle in digoxin and non-digoxin users.
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DISCUSSION

In our study, no significant relationship was found be-
tween frontal QRS-T angle and serum digoxin levels.
Also, there was no significant relationship between
drug blood levels and frontal QRS-T angle values in
individuals using digoxin. 
      The spatial QRS-T angle can be defined as the
angle between ventricular depolarization and repolar-
ization directions and has been shown to predict car-
diac death in various studies [3]. However, the spatial
QRS-T angle is difficult to measure in clinical practice
and requires computer-assisted electrocardiographic
analysis software [4]. On the contrary, the frontal
QRS-T axis is a parameter that can be obtained from
a superficial 12-lead electrocardiogram (ECG) and
easily calculated from automatically calculated meas-
urements on the ECG paper and correlates well with
the spatial QRS-T wave [5]. We preferred to calculate
the planar frontal QRS-T angle, which we considered
a more practical method in our study. Various studies
have suggested different numbers regarding the cut-
off values of the frontal QRS-T angle. In one study, in
patients with ischemic heart disease and ICD, those
with a spatial QRS-T angle less than 100°, no ventric-
ular arrhythmia event was observed at 2-year follow-
up, and its frequency was only 2% during subsequent

follow-up [6]. In another study involving the middle-
aged general population, a frontal QRS-T angle of ≥
100° was found to increase the risk of arrhythmic
death [3]. It has been stated that a wide QRS-T angle
reflects structural abnormalities that affect depolariza-
tion or regional pathophysiological changes in ionic
channels that change the repolarization order [3]. In
our study, the frontal QRS-T angle was found to be
above 100 degrees in both digoxin users and non-
users, and those who used digoxin and had different
blood levels. The lack of difference in frontal QRS-T
angle in digoxin users may be associated with the pres-
ence of clinical conditions such as concomitant hyper-
tension, diabetes mellitus, coronary artery disease, and
the use of beta-blockers, amiodarone, and similar an-
tiarrhythmic drugs. Therefore, the effect of digoxin on
frontal QRS-T angle may not have been observed. 
      Digoxin is a drug with negative chronotropic and
dromotropic, positive inotropic effects. It also inhibits
the sodium-potassium pump (-ATPase) Na+/K+, in-
creasing the availability of calcium for contractile
components or myofibrils. Digoxin increases cardiac
vagal activity. The inhibition of the Na-K ATPase
pump increases the intracellular Na+ concentration
and facilitates the entry of Ca2+ into the cell, thereby
increasing cardiac inotropy [7-9]. In other words, car-
diac action potential duration will be shortened in the
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ventricles, and excitation-contraction coupling in the
sarcomere will result in negative chronotropism and
positive inotropism due to increased intracellular cal-
cium [10]. In case of intoxication, it acts on phase 4
of the action potential [11], leading to delayed after-
depolarization and increased automaticity and/or ec-
topic activity. As a result, atrial and ventricular
tachyarrhythmias may occur [12]. The 'reverse tic' pat-
tern in V4-V6 is the most commonly identified ECG
change and can, in fact, be described as the appearance
of a biphasic T wave with initial negative and terminal
positive bias. These changes are due to its effect in re-
ducing the ventricular refractory period and cause sec-
ondary repolarization abnormalities affecting the ST
segment, T and U wave. As a result, the QT interval
can be detected as shortened [13]. Therefore, it can be
thought that the frontal QRS-T angle, which can be
defined as an indicator of heterogeneity between ven-
tricular depolarization and repolarization [14, 15], may
be abnormal in digoxin users. In our study, no statisti-
cally significant difference was found between the
control group and the group using digoxin in terms of
frontal QRS-T. In addition, the corrected QT interval
was found to be significantly longer in the group using
digoxin compared to those not using digoxin, but it
was within normal limits. In the evaluation made ac-
cording to digoxin level, the corrected QT interval was
longer in the 0.8-1.2 ng/mL group than in the > 1.2
ng/mL group. Also, the QT interval was found to be
longer in the digoxin level > 1.2 ng/mL group com-
pared to the < 0.8 ng/mL group. 
In a randomized, double-blind DIG study with 6800
patients with ejection fraction < 45%, in normal sinus
rhythm were divided into 2 groups with and without
digoxin. As a result of approximately 40 months of
follow-up, there was no decrease in total mortality, but
a statistically significant decrease was found in hospi-
talization. In addition, there was a trend for a lower
risk of death due to worsening heart failure in the
digoxin group compared with the placebo group [16].
In a retrospective cohort study of patients with AF, the
use of digoxin was associated with an increased risk
of mortality after multivariate adjustment [17]. In a
subanalysis of the AFFIRM trial, which included more
than 4000 AF patients at high risk of stroke, digoxin
was associated with a significant increase in mortality
even after controlling for comorbidities and trend
scores, regardless of gender and the presence or ab-

sence of underlying HF [18]. In another study, patients
with a serum digoxin concentration ≥ 1.2 ng/mL had
a 56% increased risk of mortality (adjusted HR: 1.56;
95% CI: 1.20 to 2.04) compared to those not using
digoxin. When analyzed as a continuous variable, it
was associated with a 19% higher adjusted hazard of
death for each 0.5 ng/mL increase in serum digoxin (p
= 0.0010) [19]. For patient safety, it has been sug-
gested that target serum concentrations of 0.5-0.9
ng/mL, which is below the "therapeutic" range [10].
According to one study, a serum digoxin concentration
of 0.5-0.9 ng/mL reduces mortality and hospitaliza-
tions in all heart failure patients, including those with
preserved systolic function and high blood digoxin
levels. Digoxin reduces hospitalization for heart fail-
ure, but has no effect on mortality or all-cause hospi-
talization. Higher blood digoxin levels were associated
with increased crude all-cause mortality in patients
with heart failure (0.5-0.8 ng/mL, 29.9%; 0.9-1.1
ng/mL, 38.8%, and ≥ 1.2 ng/mL, 48.0%) [20, 21]. The
patient population in our study included patients with
ischemic-non-ischemic heart failure and heart failure
with preserved-low EF. There was no significant dif-
ference in the frontal QRS-T angles of the patients
who were divided into 3 groups according to their
blood digoxin levels, as < 0.8 ng/mL, 0.8-1.2 ng/mL,
and > 1.2 ng/mL. In addition, there was no significant
finding to predict serum digoxin levels in terms of
frontal QRS-T. 
      In one study, it was shown that the frontal QRS-T
angle remained stable until middle age, and then
showed a rapid increase with a straight-line correlation
[22]. In our study, no significant age-related difference
was observed in the frontal QRS-T angle between the
control group and digoxin group, and between the
groups using digoxin. This may be related to the fact
that various comorbidities and antiarrhythmic drugs
affected the frontal QRS-T angle value, although there
were differences in age between the control group and
the groups using digoxin. 
      Digoxin is mostly eliminated unchanged by the
kidneys. 30-50% of the daily dose is excreted within
24 hours, and enterohepatic circulation is negligible
[23]. The elimination half-life is 1.5-2 days, but may
be prolonged up to 4-6 days in anuric patients [21, 24,
25]. There is also an increased risk of overall mortality
with digoxin therapy in end-stage renal disease requir-
ing hemodialysis, again with the safest serum levels
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<0.9 ng/mL [10, 26]. In our study, significant impair-
ment in kidney functions (creatinine, urea, and GFR)
in the group with blood levels > 1.2 ng/mL may also
be associated with the decrease in digoxin renal clear-
ance. 

Limitations
There are several limitations to our study. First, the
number of patients included in the study is limited. In
addition, the number of patients in the control group
was insufficient, although clinical and demographic
characteristics were similar in both groups. Different
results may be obtained with studies to be conducted
in larger populations. Secondly, drugs used together
with digoxin, some of which are antiarrhythmic, may
have caused different values in frontal QRS-T angle.
The third is the use of planar frontal QRS-T angle in-
stead of the spatial frontal QRS-T angle, which is
stated to be superior in some publications. Finally,
studies involving the values and comparisons obtained
before and after a certain period of starting the drug in
cases where digoxin is planned to be used may reveal
different results.

CONCLUSION

In our study, no significant difference was found in
frontal QRS-T angles in digoxin users compared to
non-users. In the evaluation of frontal QRS-T angles
according to blood digoxin levels, no statistically sig-
nificant correlation was found between blood digoxin
levels.
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