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Abstract 

Background: Most of the patients hospitalized due to drug-related atrioventricular (AV) block do not require perma-
nent pacemaker implantation (PPI) since AV block regresses following cessation of the responsible drug. However, AV 
block requiring PPI may relapse in long-term follow-up. In this study, we retrospectively evaluated the factors predict-
ing the need for a PPI in the long-term follow-up in patients admitted to our hospital with drug-related AV block but 
did not require PPI in index hospitalization.

Results: We evaluated 177 patients who had been hospitalized with drug-related AV block between January 2012 
and July 2020 and who had not required PPI during hospital follow-up. The patients were divided into two groups 
according to whether PPI was performed or not. The independent predictors of long-term PPI were evaluated and the 
effect of glomerular filtration rate (GFR) of the patients during the index hospitalization on the long-term outcome 
was compared. A GFR above 60 ml/min is an independent significant risk factor in predicting long-term permanent 
pacemaker implantation in drug-related AV blocks. It is found that the need for PPI was 2.64 times higher without 
adjusted and 1.9 times higher with adjusted for all covariates in patients with GFR above 60 ml/min during hospitali-
zation compared to those with GFR below 30 ml/min.

Conclusions: GFR may be considered as an indicator of the PPI need in patients with drug-related atrioventricular AV 
block.
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Background
There are several congenital or acquired etiological fac-
tors that can deteriorate the atrioventricular (AV) con-
duction system and lead to AV block. Acquired causes 
are more common than congenital causes. Acquired 
causes include degenerative, iatrogenic, infectious, 

inflammatory or ischemic processes. In some acquired 
etiologies such as drug use, thyroid dysfunction, electro-
lyte disorders, patients’ AV blocks may regress as a result 
of discontinuation of the drug responsible for the block 
or treatment of hypothyroidism, hyperthyroidism or 
electrolyte disorder and pacemaker (PM) needs is obvi-
ated during index hospitalization. Despite the discon-
tinuation of the responsible drug in some patients, AV 
block reoccurs in the long-term follow-up of the patients, 
and these patients inevitably need permanent pacemaker 
implantation (PPI) with postponement from the index 
hospitalization. Studies have shown that regression in AV 
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block is 41–71% after discontinuation of the responsible 
drug in drug-induced AV blocks [1].

Potassium is vital for regulating the normal electri-
cal activity of the heart. Hyperkalemia affects the AV 
conduction system and leads to blockage in the AV 
conduction system, manifested by prolongation of the 
His-Ventricle interval and widening of the QRS wave. 
Potassium excretion is impaired in patients with chronic 
kidney failure and blood potassium level may increase. 
Chronic kidney failure leads to an increase in the plasma 
half-life of a number of beta blocker molecules; thus, 
even at therapeutic doses, the plasma beta blocker mol-
ecule level can be higher than normal. Therefore, there 
may be a tendency for drug-related AV blocks in patients 
with chronic renal failure, with both electrolyte distur-
bances and changes in drug metabolism. However, we do 
not have enough data about the long-term effect of glo-
merular filtration rate (GFR) on drug-related AV blocks 
since the effect of GFR on the conduction system has not 
been elucidated in patients with drug-related AV block 
[2–4].

In this study, we retrospectively evaluated the factors 
predicting the need for PPI in the long-term follow-up 
of patients who were admitted to our hospital with drug-
related AV block but did not need PPI.

Methods
The study has a single center, cross-sectional and retro-
spective design. The approval for the study was obtained 
from the Ethics Committee (HNEAH-KAEK 2020/
KK/223). The study population was enrolled by screen-
ing patients who were hospitalized with the diagnosis of 
AV block to our tertiary center between January 2012 
and July 2020 and discharged without PPI following 
restoration of the sinus rhythm in the index hospitali-
zation. If there was a right bundle branch block, left bun-
dle branch block, left anterior hemiblock, left posterior 
hemiblock or combination of these rhythm disturbances 
in the restored sinus rhythm, electrophysiological study 
(EPS) was performed, and permanent pacemaker was 
implanted according to HV interval. The patients, who 
were evaluated with EPS, were excluded due to standard-
ization of the study population. Demographic character-
istics of all patients, comorbid diseases, baseline features 
and follow-up information after discharge were obtained 
using the hospital automation system and Ministry of 
Health system. Patients aged 18 and over who were hos-
pitalized with second degree or higher AV block, were 
using a class I or class II or class III or class IV antiar-
rhythmic drug or digoxin regardless of the duration of 
use of the responsible drug, did not need PPI during hos-
pital follow-up were included in this study. Permanent 
atrial fibrillation patients with a heart rate of less than 60 

beats per minute and an equal distance between the QRS 
waves on the electrocardiogram (ECG) were considered 
AV block. Patients also were included according to avail-
ability of health system records on hospital automation 
system and the Ministry of Health system. Patients with 
acute myocardial infarction, AV block due to vasovagal 
reaction, sick sinus syndrome, periprocedural AV block 
(due to cardiac surgery, cardiac percutaneous inter-
ventions or radiofrequency ablation), digoxin toxicity 
(defined according to serum digoxin level or clinical com-
plaints coherent with digoxin toxicity), and advanced AV 
block due to non-drug causes excluded from the study.

The patients’ complete blood count, creatinine, glomer-
ular filtration rate, urea, AST, ALT, sodium, potassium, 
calcium, fasting blood glucose, TSH, T3, T4, troponin I 
values are taken as the values in the first blood samples 
taken at the time of admission. Troponin I peak value is 
accepted as the highest troponin level in the blood sam-
ples taken at the hospitalization of the patient.

Digoxin toxicity is defined as the blood digoxin level 
above 2  nmol/l and the patient having complaints such 
as nausea, vomiting, color vision disorders or the blood 
digoxin level above 2.5 nmol/l without symptoms.

As echocardiography values that were obtained for 
the first time in the emergency department or coronary 
intensive care unit when the patient was admitted to the 
hospital were accepted.

The responsible drug was discontinued in all patients 
hospitalized with drug-related AV block. PPI was per-
formed in patients whose block continued after the 
drug was discontinued and the sufficient half-life period 
passed or the block regressed during the hospitalization 
period and then the block was recurred. In the follow-up, 
patients whose AV conduction system recovered after 
the responsible drug was discontinued and whose block 
did not recur during hospitalization were followed up, 
and patients who did not need PPI were discharged. All 
patients included in the study, who did not need PPI dur-
ing hospitalization, have a follow-up period of at least 
6  months after discharge. PPI was applied to patients 
when the block recurred or persisted in the follow-up of 
patients whose drug was discontinued.

Statistical analysis
The data analysis was performed using IBM SPSS Statis-
tics for Windows, Version 20.0 (IBM Corp., Armonk, NY, 
USA) software. The Kolmogorov Smirnov test was used 
to test the distribution pattern. Data were presented as 
mean ± SD for normally distributed data, and as median 
(interquartile range) for continuous variables that were 
not normally distributed. The number of cases and per-
centages were used for categorical data. The mean differ-
ences between groups were compared using the Student’s 
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t test. The Mann–Whitney U test was applied for com-
parisons of the data that were not normally distributed. 
Categorical data were analyzed with Fisher’s exact test 
when 1 or more cells had an expected frequency of 5 or 
less. Otherwise, Pearson’s chi-square test was applied. 
Variables that could be a predictor of long-term PPI and 
with a significant p value in Tables 1 and 2 were entered 
into univariate cox-regression analysis. Variables with 
a p value < 0.1 in univariate analysis were included into 

multiple cox-regression analysis. Three Cox multivari-
able models were also used in regard to glomerular fil-
tration rate: model I, unadjusted; model II, medications 
adjusted; and model III, adjusted for age, gender, hyper-
tension, diabetes mellitus, smoking, hyperlipidemia, 
chronic obstructive pulmonary disease, coronary artery 
disease, atrial fibrillation, chronic renal failure, medica-
tions, first measurement during hospitalization of the fol-
lowing laboratory values (creatinine, urea, peak troponin, 

Table 1 Comparison of demographic and clinical characteristics of patients according to permanent pacemaker implantation in the 
follow-up

Continuous variables are presented as median (interquartile range)

Nominal variables presented as frequency (%)

Permanent pacemaker implantation 
(−) in follow-up
n = 128

Permanent pacemaker implantation 
(+) in follow-up
n = 49

p value

Age (years) 76 (66–83) 73 (65–80) 0.286

Male gender 54 (42.2%) 21 (42.9%) 0.936

Hypertension 99 (77.3%) 42 (85.7%) 0.203

Diabetes Mellitus 62 (48.4%) 21 (42.9%) 0.505

Hyperlipidemia 29 (22.7%) 12 (24.5%) 0.797

Smoking 12 (9.4%) 2 (4.1%) 0.355

Chronic renal failure 45 (35.2%) 12 (24.5%) 0.167

Congestive heart failure 18 (14.1%) 8 (16.3%) 0.706

Chronic obstructive pulmonary disease 18 (14.1%) 3 (6.1%) 0.121

Alzheimer 6 (4.7%) 1 (2.0%) 0.675

Coronary artery disease 47 (36.7%) 20 (40.8%) 0.616

Percutaneous coronary intervention 28 (21.9%) 7 (14.3%) 0.245

Coronary artery bypass grafting 23 (18.0%) 8 (16.3%) 0.796

Myocardial infarction 37 (28.9%) 14 (28.6%) 0.965

Cerebrovascular accident 10 (7.8%) 1 (2.0%) 0.294

Paroxysmal atrial fibrillation 0 (0.0%) 1 (2.0%) 0.277

Permanent atrial fibrillation 26 (20.3%) 5 (10.2%) 0.098

Hospitalization period, days 7 (5–10) 9 (6–12) 0.186

Follow-up 33 (17–61) 52 (26–89)

Time to permanent pacemaker implantation, 
months

10 (3–23)

Table 2 Classification of cases according to their ECG characteristics

Permanent PM implantation in the 
follow-up 
(−)
n = 128

Permanent PM implantation in the 
follow-up 
(+)
n = 49

p value

Second-degree AV block 3 (2.3%) 1 (2.0%) 1.000

Mobitz Type 1 AV block 2 (1.6%) 1 (2.0%) 0.624

Mobitz Type 2 AV block 3 (2.3%) 1 (2.0%) 1.000

2:1 AV block 27 (21.1%) 15 (30.6%) 0.190

Third degree AV block 72 (56.3%) 31 (63.3%) 0.395

Atrial fibrillation and bradyarrhythmia 26 (20.3%) 6 (12.2%) 0.198
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potassium) and left ventricle ejection fraction. A p 
value < 0.05 was considered statistically significant.

Results
We evaluated retrospectively the patients who had been 
hospitalized with drug-related second degree or higher 
AV block between January 2012 and July 2020 at Dr. Siy-
ami Ersek Thoracic and Cardiovascular Surgery Research 
and Training Hospital and who had not required per-
manent PM during hospital follow-up. 177 cases were 
included in the study. In 128 of the cases, there was no 
need for PPI in the follow-up after discharge, 49 of the 
cases (27% of the cases) required PPI in the follow-up 
after discharge. The demographic and clinical character-
istics of the patients are summarized in Table 1.

Third degree AV block was the most frequently 
observed ECGs in the hospitalization (56.3% for those 
who did not require PPI in follow-up, 63.3% for those 
who required PPI in follow-up). The classification of the 
hospitalization ECGs of the cases is shown in Table 2.

Beta blockers are the most used drugs at home as risk 
factor drugs. (80.5% in those who did not require PPI in 
follow-up, 91.8% in those who required PPI in follow-up) 
26.6% of the group that did not require PPI in follow-up 
and 10.2% of the group that required PPI in follow-up 
used 2 or more drugs deteriorating AV node. The charac-
teristics of the cases regarding drug use are summarized 
in Table 3.

The laboratory and transthoracic echocardiography 
values of the cases at hospitalization are summarized in 
Table 4.

A GFR above 60 ml/min is an independent significant 
risk factor in predicting long-term permanent pacemaker 
implantation in drug-related AV blocks based on uni-
variate analysis (p = 0.001). A GFR above 60  ml/min is 
a significant risk factor, independent of the use of more 
than 1 drug and calcium channel blocker in index hospi-
talization, according to multivariate analysis (p = 0.021). 
It is found that the need for PPI was 2.64 times higher 

without adjusted and 1.9 times higher with adjusted for 
all covariates in patients with GFR above 60 ml/min dur-
ing hospitalization compared to those with GFR below 
30 ml/min (Fig. 1, Tables 5, 6).

Discussion
In the study, 177 patients who were hospitalized with 
drug-related AV block and did not require PPI during 
hospitalization were evaluated. In the cases, beta-block-
ers were the most frequent responsible drug group and 
non-dihydropyridine group calcium channel blockers 
were the second frequent responsible drug group for 
AV block. In 27.6% of the cases resulted in permanent 
PM implantation in the long-term follow-up although 
responsible drug was not continued in the follow-up after 
discharge. A GFR above 60 ml/min is an independent sig-
nificant risk factor in predicting long-term permanent 
pacemaker implantation in drug-related AV blocks. The 
need for permanent PM implantation in follow-up after 
discharge is 1.9 times higher in patients with a GFR above 
60 ml/min during hospitalization compared to those with 
a GFR below 30 ml/min during hospitalization.

Drugs affecting the AV conduction system such as beta 
blockers, non-dihydropyridine group calcium channel 
blockers (verapamil, diltiazem), amiodarone and digoxin 
are common etiologies of acquired AV block in clinical 
practice. Although it is common in clinical practice, our 
knowledge about the clinical course and prognosis of 
drug-related AV block is limited.

In a study by Zeltser et  al. 169 AV block cases were 
evaluated. 54% of the cases used beta blocker and/or 
verapamil or diltiazem. Improvement in AV conduction 
was observed in 41% of the cases after the cessation of 
the responsible drug. In 56% of the cases with improve-
ment in AV conduction, it was observed that AV block 
recurred within 3 weeks, although responsible drug was 
not given [5].

In a study by Osmonov et  al. 668 cases of second-
degree AV block, third degree AV block, 2: 1 AV block, 

Table 3 Drug use characteristics of the cases

Permanent PM implantation in the 
follow-up 
(−)
n = 128

Permanent PM implantation in the 
follow-up 
(+)
n = 49

p value

1 drug risk factor 94 (73.4%) 44 (89.8%) 0.013

> 1 drug risk factor 34 (26.6%) 5 (10.2%) 0.013

Calcium channel blocker 32 (25.0%) 5 (10.2%) 0.022

Digoxin 8 (6.3%) 1 (2%) 0.448

Beta blocker 103 (80.5%) 45 (91.8%) 0.053

Amiodarone 10 (7.8%) 0 (0.0%) 0.064
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atrial fibrillation with bradyarrhythmia were evaluated. 
Beta blockers and digoxin are the most frequent drug 
groups that are responsible for AV Blocks. In 72% of the 
cases, AV block was resolved after the responsible drug 
was discontinued. A resolution was observed in 6.6% of 
non-drug-related AV block. Recurrence was observed in 
27% of the AV block patients who had improvement in 
the AV conduction system, although the responsible drug 
was not continued [6]. In our study, although responsi-
ble drug was discontinued in 27% of the cases, AV block 
recurred after an average of 10 months and the patients 
needed permanent pacemaker implantation.

In a study by Bozorgi et al. 316 drug-related AV block 
and 807 cases of AV block due to other etiological rea-
sons were evaluated. While AV conduction improved in 
12% of drug-related AV block patients after responsible 
drug withdrawal, this rate was 6% in AV block cases due 
to other etiological reasons. Recurrence was observed in 
18% of drug-related AV block cases and 40% in AV block 
cases due to other etiological reasons [7].

923 cases of type 2 diabetes mellitus were evaluated in 
a study by Mantovani et al., it was seen that the decrease 
in eGFR was an independent risk factor for the develop-
ment of cardiac conduction system disorders in patients 
with type 2 diabetes mellitus. The pathophysiological 
mechanism of this relationship has not been clearly dem-
onstrated. Endothelial dysfunction, coagulation-fibrino-
lytic system abnormalities, low grade inflammation, 
increased oxidative stress and hyperuricemia may affect 
myocardium and His-Purkinje conduction system struc-
turally and electrophysiologically and making the patient 
susceptible to cardiac conduction disorders [2].

It can be considered clinically that drug-related AV 
block has a good prognosis and discontinuation of 
the responsible drug will improve AV conduction sys-
tem; however as shown in studies and this study, it was 
observed that AV block recurred in follow-up of some 
cases, despite the discontinuation of the responsible 
drug. Underlying AV conduction system disorders in 
cases may be manifested clinically with drugs affecting 

Table 4 Laboratory and transthoracic echocardiography values of the patients at hospitalization

Continuous variables are presented as median (interquartile range). Nominal variables presented as frequency (%)

LVEDD left ventricular end-diastolic diameter, LVESD left ventricular end-systolic diameter

Permanent PM implantation in the 
follow-up 
(−)
n = 128

Permanent PM implantation in the 
follow-up 
(+)
n = 49

p value

Hemoglobin (g/dl) 11.6 (10.0–13.3) 11.9 (11.0–13.5) 0.120

White blood cells (cell/µl) 9.7 (7.7–12.0) 8.4 (7.3–10.7) 0.120

Lymphocyte (cell/µl) 1.7 (1.2–2.4) 2.0 (1.3–2.5) 0.146

Creatinine (cell/dl) 1.3 (0.9–1.9) 0.9 (0.7–1.4) 0.001

Urea (mg/dl) 28.0 (19.0–40.0) 23.0 (17.0–31.0) 0.059

Glomerular filtration rate (ml/min) 44.0 (28.0–75.0) 69.0 (41.0–89.0) 0.002

Glomerular filtration rate < 30 ml/min 38 (29.7%) 6 (12.2%) 0.012

Glomerular filtration rate 30–60 ml/min 46 (35.9%) 12 (24.5%) 0.140

Glomerular filtration rate > 60 ml/min 44 (34.4%) 31 (63.3%) 0.001

TSH (mIU/l) 1.3 (0.8–2.2) 1.4 (0.8–2.0) 0.496

T3 (pg/ml) 2.2 (1.8–2.6) 2.4 (2.0–2.7) 0.142

T4 (ng/dl) 1.0 (0.9–1.2) 1.0 (0.9–1.2) 0.851

Troponin I first admission (ng/ml) 0.01 (0.01–0.04) 0.02 (0.01–0.03) 0.584

Troponin I peak value (ng/ml) 0.04 (0.01–0.21) 0.03 (0.01–0.09) 0.072

Glucose (mg/dl) 129 (103–199) 123 (105–207) 0.880

ALT (IU/l) 24 (15–45) 24 (14–51) 0.846

AST (IU/l) 27 (19–55) 25 (17–39) 0.222

Sodium (mEq/l) 139 (135–141) 140 (136–141) 0.260

Calcium (mg/dl) 9.0 (8.5–9.5) 9.1 (8.6–9.5) 0.445

Potassium (mEq/l) 4.9 (4.3–5.6) 4.4 (4.2–5.1) 0.037

Left ventricle ejection fraction, % 60 (50–60) 60 (50–60) 0.296

LVEDD, mm 48 (45–52) 45 (42–54) 0.349

LVESD, mm 30 (26–35) 29 (26–34) 0.885

Left atrium anteroposterior diameter, mm 41 (34–45) 38 (36–42) 0.804
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the conduction system. Although improvement appears 
in the AV conduction system after drug discontinuation, 
the underlying conduction system disorder may become 
evident again after a certain period of time. The true eti-
ology of AV block in drug-related AV block has not been 
fully elucidated yet.

As demonstrated in our study alone, chronic renal 
failure is not an independent predictor of drug-induced 
AV block, but high GFR is a predictor which was con-
sidered to be secondary to degeneration of the con-
duction system. Cardiac fibrosis causes stiffening of 
the cardiac tissue and affects the cardiac conduction 

system. At the cellular level, activation of the cardiac 
stromal cells and myofibroblast formation and at the 
molecular level, transforming growth factor β (TGF-
β) are considered as main regulators of the profibrotic 
processes. Loss-of-function mutations in SCN5A cause 
myocardial interstitial fibrosis via TGF-ß pathway. With 
these and other yet unexplained mechanisms, degener-
ation in the cardiac conduction system may start at an 
early age and drug use in these patients may manifest 
the degeneration in the conduction system. It may play 
a role in the development of drug-induced AV block in 
patients with high GFR. Although the responsible drug 

Fig. 1 Correlation analysis. The need for PPI was higher in patients with GFR above 60 ml/min during hospitalization compared to those with GFR 
below 30 ml/min

Table 5 Univariable analysis and multivariable model for long-term permanent pacemaker implantation prediction according to 
admission demographic and clinical characteristics, laboratory parameters and echocardiography variables

All clinically relevant parameters were included in the model. HR, Hazard ratio; CI, confidence interval

Univariable analysis p value HR (95% CI) Multivariable analysis p value HR (95% CI)

Beta blocker 0.056 2.714 (0.973–7.569)

BUN 0.059 0.981 (0.962–1.001)

Troponin peak 0.078 0.071 (0.004–1.346)

> 1 drug usage 0.009 0.210 (0.065–0.674) > 1 drug usage 0.009 0.358 (0.167–0.771)

Calcium channel blockers 0.023 0.342 (0.135–0.862)

Creatinine 0.026 0.598 (0.380–0.939)

Potassium 0.036 0.711 (0.517–0.978)

GFR > 60 0.001 2.680 (1.497–4.798) GFR > 60 0.003 2.472 (1.357–4.500)
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was discontinued in our study population, AV block 
has recurred in the following months. The potential 
underlying mechanism responsible for PPI need was 
considered to be progressive degeneration. Prospective 
studies evaluating the conduction disturbances with 
EPS are warranted to enlighten the degeneration of the 
conduction system [8, 9].

Our knowledge about the effect of electrolytes, espe-
cially potassium, on drug-induced AV blocks is lim-
ited. The intracellular level of electrolytes and at what 
levels the cardiac conduction system is affected are 
not clearly known. Potassium excretion is impaired in 
patients with chronic kidney failure and blood potas-
sium level may increase. Excessive potassium consump-
tion in these patients or the development of metabolic 
acidosis due to chronic renal failure contributes to the 
increase in blood plasma potassium level. Development 
of hyperkalemia may also lead to blockage in the AV 
conduction system in patients. Electrolyte disturbances 
that may develop intracellular and/or extracellular in 
patients with chronic renal failure may predispose to 
AV block. It may be thought that patients with normal 
GFR have less intracellular electrolyte imbalance [4, 10, 
11].

In patients with chronic renal failure, the plasma half-
life time of drugs excreted by the kidneys may vary. 
Bisoprolol, one of the beta blocker molecules, com-
monly used in cardiology daily practice, is excreted 
from the body 50% through the liver and 50% through 
the kidneys. Atenolol and sotalol are excreted from 
the kidneys without any change in the molecule. 5% 
of the metoprolol is excreted unchanged, the remain-
der is excreted by the kidneys through its metabolites. 
Organ failure in the liver or kidneys leads to an increase 
in the plasma half-life of the beta blocker molecule; 
thus, even at therapeutic doses, the plasma beta blocker 

molecule level can be higher than normal [3, 12]. It may 
be thought that patients with normal GFR have less 
increased level of drug molecules.

The development of drug-related AV block in patients 
with normal GFR may be an indicator of an impairment 
in cardiac conduction pathways compared to ones with 
low GFR in the long-term follow-up since high GFR was 
found to be an independent predictor of PPI in patients 
with drug-related AV block.

Study limitations
The study was designed as a single center and patients 
were evaluated retrospectively. Except for the drug 
groups evaluated in the study, the drug groups in the 
AV block etiology are not evaluated, so the results of the 
study cannot be generalized for all drug groups. EPS has 
not been performed to evaluate cardiac conduction sys-
tems during admission or follow-up.

Conclusions
Recurrence of AV block is high in the follow-up of 
patients whose AV conduction system has improved 
by discontinuing the responsible drug in drug-related 
AV blocks. The development of drug-related block in 
patients with normal GFR can be considered as an indi-
cator of the disease in the cardiac conduction pathways.
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 HR (95% CI)
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Model 2: adjusted for medications 1 [Referans] 1.53 (0.51–6.52) 3.32 (1.35–9.38)

Model 3: adjusted for all  covariatesa 1 [Referans] 1.35 (0.49–6.99) 3.00 (1.42–12.10)



Page 8 of 8Parsova et al. The Egyptian Heart Journal           (2022) 74:56 

Author contributions
KEP and MIH were involved in design and conception. KG was involved in 
supervision. LP and GC were involved in materials collection. KEP, LP and GC 
were involved in data collection and/or processing. KEP and GC were involved 
in analysis and/or interpretation. KEP and LP were involved in literature review. 
KEP was involved in writing. MIH and KG were involved in critical review. 
All authors read and approved the final manuscript. All authors read and 
approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval and consent to participate was guaranteed from the Ethics 
committee of Haydarpasa Numune Research and Training Hospital with serial 
number HNEAH-KAEK 2020/KK/223.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Cardiology, Zile State Hospital, Tokat, Turkey. 2 Department 
of Cardiology, University of Health Sciences, Dr. Siyami Ersek Thoracic and Car-
diovascular Surgery Training and Research Hospital, Selimiye Mahallesi, Tıbbiye 
Caddesi, No: 13, Uskudar, 34668 Istanbul, Turkey. 

Received: 15 February 2022   Accepted: 27 July 2022

References
 1. Kusumoto FM, Schoenfeld MH, Barrett C et al (2019) 2018 ACC/AHA/HRS 

guideline on the evaluation and management of patients with brady-
cardia and cardiac conduction delay: a report of the American College 
of Cardiology/American Heart Association task force on clinical practice 
guidelines and the Heart Rhythm Society. Circulation 140(8):e382–e482. 
https:// doi. org/ 10. 1161/ CIR. 00000 00000 000628 (Erratum in: Circula-
tion. 2019 Aug 20;140(8):e506–e508)

 2. Mantovani A, Rigolon R, Turino T et al (2018) Association between 
decreasing estimated glomerular filtration rate and risk of cardiac 
conduction defects in patients with type 2 diabetes. Diabetes Metab 
44(6):473–481

 3. McDevitt DG (1987) Comparison of pharmacokinetic properties of beta-
adrenoceptor blocking drugs. Eur Heart J 8(Suppl M):9–14

 4. Bashour T, Hsu I, Gorfinkel HJ et al (1975) Atrioventricular and intraven-
tricular conduction in hyperkalemia. Am J Cardiol 35(2):199–203

 5. Zeltser D, Justo D, Halkin A et al (2004) Drug induced atrioventricular 
block: prognosis after discontinuation of the culprit drug. J Am Coll 
Cardiol 44:105–108

 6. Osmonov D, Erdinler I, Ozcan KS et al (2012) Management of patients 
with drug-induced atrioventricular block. Pacing Clin Electrophysiol 
35:804–810

 7. Bozorgi A, Ahmadzadeh S, Mortazavi SH et al (2020) The need for perma-
nent pacemaker after restoration of conduction following atrioventricular 
block: a retrospective cohort study. Turk Kardiyol Dern Ars 48(2):103–108

 8. Mickael D, Jérôme M, Cynthia O et al (2017) Transforming growth factor 
β receptor inhibition prevents ventricular fibrosis in a mouse model of 
progressive cardiac conduction disease. Cardiovasc Res 113(5):464–474

 9. Działo E, Tkacz K, Błyszczuk P (2018) Crosstalk between the TGF-β and 
WNT signalling pathways during cardiac fibrogenesis. Acta Biochim Pol 
65(3):341–349. https:// doi. org/ 10. 18388/ abp. 2018_ 2635

 10. Seliger SL (2019) Hyperkalemia in patients with chronic renal failure. 
Nephrol Dial Transplant 34(Suppl 3):iii12–iii18

 11. Watanabe R (2020) Hyperkalemia in chronic kidney disease. Rev Assoc 
Med Bras 66(Suppl 1):s31–s36

 12. Borchard U (1990) Pharmacokinetics of beta-adrenoceptor blocking 
agents: clinical significance of hepatic and/or renal clearance. Clin Physiol 
Biochem 8(Suppl 2):28–34

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1161/CIR.0000000000000628
https://doi.org/10.18388/abp.2018_2635

	Long-term follow-up of patients with drug-related atrioventricular block without a need of permanent pacemaker during index hospitalization
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusions
	Acknowledgements
	References


