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Abstract. Electrotherapy is a dynamically developing method of treatment
of sinus node dysfunction and atrioventricular conduction disturbances. It is
an extremely important method used in the treatment of heart failure. The aim
of this paper was to use classification trees for the differentiation between pa-
tients implanted with one of the three electrotherapy devices, i.e. SC-VVI/AAI,
DC-DDD, ICD/CRT. The analysed data concerned 2071 patients who under-
went implantation or device replacement procedures in the years 2010–2018,
hospitalized in a coronary care unit. CART-type classification trees with 5-fold
cross-validation were used for the analysis. The decision concerning the choice of
a particular electrotherapy device is always made based on the latest guidelines
and the patient’s clinical condition. The used classification trees may enable
verification of the state of implementation of guidelines in real-life therapeutic
decisions.

Introduction

Heart electrotherapy is an established method of treatment of atrioven-
tricular conduction disturbances and sinus node dysfunction. The role of
the implantable cardioverter-defibrillator (ICD) in the prevention of sud-
den cardiac death is hard to overestimate. Cardiac resynchronisation ther-
apy (CRT) is a state-of-the-art technique that modifies the course of chronic
heart failure, significantly improving prognosis (Ponikowski et al., 2016).
The technologies have for many years been in a state of dynamic devel-
opment. The devices undergo miniaturization while the software makes it
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possible to constantly improve the adaptation of stimulation to the patient’s
individual needs. Heart electrotherapy devices also provide many possibili-
ties of analysis of the heart rhythm, owing to the recording of intracardiac
electrograms.
The most common indications for continuous cardiac stimulation are

high degree AV block and sick sinus syndrome (SSS). Such a course of ac-
tion improves the prognosis (in the case of AV block) and the quality of life
(in the case of sick sinus syndrome) of patients treated with this method.
The introduction of the implantable cardioverter-defibrillator was a break-
through in primary and secondary prevention of cardiac arrest. The constant
development of cardiac resynchronization therapy (CRT/CRTD) gives hope
for further improvement of prognosis in chronic heart failure.
Indications for device implantation are gradually extended together

with the development of medical knowledge and technological improve-
ments. Detailed guidelines from scientific societies are extremely useful in
everyday practice of medical doctors specializing in the diseases in question.
Single chamber (SC) devices are systems in which a single electrode is

implanted into the right atrium (AAI devices) or the right ventricle (VVI).
Dual chamber (DC) devices require the use of two electrodes, one im-
planted into the right atrium, the other into the right ventricle (DDD).
In the case of ICD devices, depending on the indications, single-electrode
(in atrial fibrillation) or dual-electrode (in dominant sinus rhythm) devices
are used. The cardiac resynchronization therapy CRT) device is a triple-
electrode device (right atrium, coronary sinus, and right ventricle). A cardiac
resynchronization device may also perform the function of a cardioverter-
defibrillator (CRTD). Electrodes of the implanted devices are connected to
a power generator usually located underneath the chest muscle under the
clavicle (Mulpuru et al., 2017).
Table 1 presents categories of recommendations and a description of

the levels of evidence, which enable to interpret the guidelines correctly.
Table 2 summarizes the indications for using the individual electrotherapy
techniques, while Table 3 contains a selection of the modes of stimulation.

Table 1. Classes of recommendations and levels of evidence
(Brignole et al., 2013)

Class Definition Suggestion

I Evidence from scientific studies show that the given
course of action is useful and effective

Course of action
recommended

IIa Evidence or opinions mostly point to the usefulness of
the therapy

Should be considered
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Class Definition Suggestion

IIb The usefulness of the method or the effectiveness of the
therapy is less well confirmed by studies or opinions

May be considered

Level of evidence

A Data sourced from numerous randomized trials or metaanalyses

B Data sourced from a single randomized trial or large non-randomized trials

C Expert opinion and/or other data sourced from small trials, retrospective
studies, or registers

Table 2. Indications for continuous cardiac stimulation, implantation of an
implantable cardioverter-defibrillator and cardiac resynchronization
devices (Brignole et al., 2013)

Class of Level of
recommendation evidence

Indications for constant stimulation in patients with sustained bradycardia

Sick sinus syndrome (SSS) when the symptoms are
connected to bradycardia

I B

Sick sinus syndrome (SSS) when there is a probability
that the symptoms are connected to bradycardia even
when the evidence is not conclusive

IIb C

Acquired AV block III regardless of the symptoms I C

Acquired AV block II t.2 regardless of the symptoms I C

Symptomatic acquired AV block II t.1 IIa C

Indications for continuous stimulation in patients with paroxysmal bradycardia

Sick sinus syndrome (SSS) (brady-tachy syndrome, sinus
arrest, sinoatrial block)

I B

Paroxysmal AV block III I C

Paroxysmal AV block II t.2 I C

Atrial fibrillation with block I C

Reflex syncope and asystole in patients > 40 years of age
with syncope and documented pauses in sinus arrest or
AV block, or both simultaneously

IIa C

Asymptomatic sinus arrest, sinoatrial or AV block should
be considered in patients with a history of syncope and
recorded pauses of > 6 sec.

IIa C
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Class of Level of
recommendation evidence

Indications for cardiac stimulation in patients with bundle branch block (BBB)

Bundle branch block in a patient with repeated
unexplained syncope and abnormal EPS test results

I B

Alternating bundle branch block I C

Indications for implantation of an implantable cardioverter-defibrillator (ICD) –
primary prevention of SCD

Symptomatic heart failure (II, III NYHA class) and
LVEF ≤ 35% after ≥ 3 months of optimal treatment,
if the expected life expectancy of the patient with good
functional status exceeds 1 year

Ischaemic aetiology of heart damage I A

Other aetiology I B

Indications for implantation of an implantable cardioverter-defibrillator (ICD) –
secondary prevention of SCD

Past documented VF or instable haemodynamic VT with
no reversible cause treated optimally with life expectancy
of over 1 year with good functional status

I A

Should be considered in patients with recurrent sustained
VT treated optimally, with normal LVEF with life
expectancy of over 1 year with optimal functional status

IIa C

Indications for implantation of a cardiac resynchronisation device (CRT/CRTD)

LBBB with QRS duration > 150 ms in patients with
chronic heart failure (II, III, ambulatory IV NYHA class)
and LVEF ≤ 35%

I A

LBBB with QRS duration = 120–150 ms in patients with
chronic heart failure (II, III, ambulatory IV NYHA class)
and LVEF ≤ 35%

I B

QRS morphology not LBBB with QRS duration
> 150 ms

IIa B

QRS morphology not LBBB with QRS duration = 120–
150 ms

IIb B

SSS – sick sinus syndrome, AV – atrioventricular, BBB – bundle branch block, SCD – sud-
den cardiac death, ICD – Implantable Cardioverter-Defibrillator, NYHA – New York
Heart Association, VF – ventricular fibrillation, VT – ventricular tachycardia, CRT/
CRTD – cardiac resynchronisation therapy, LBBB – left bundle branch block, EPS – elec-
trophysiology study, LVEF – left ventricle ejection fraction
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Table 3. Selection of stimulation mode (Brignole et al., 2013)

Indication for stimulation Type of stimulator Class Level

DDDSinus node dysfunction I A(second line – AAI pacemaker)

DDDSinus node dysfunction I A(second line – AAI pacemaker)

Sustained atrial fibrillation with AV block VVI I C

DDD – dual chamber pacemaker; AAI – atrial single chamber pacemaker; VVI – ventric-
ular single chamber pacemaker

The aim of this paper was to use classification trees for the selection
of patients implanted with one of the three electrotherapy devices, i.e. SC-
VVI/AAI, DC-DDD, or ICD/CRT.

Materials and Methods

The analysis included 2071 patients that underwent implantation proce-
dures or device replacement in the years 2010–2018, hospitalized in a cardi-
ology department. An electronic database and hospital discharge summary
reports were used.
The data was analysed with the use of classification trees. This method

enables legible graphic presentation of the obtained results. It is also re-
sistant to outliers, which are a common occurrence in medical data. For
these reasons, among others, it is widely used in, e.g., astronomy (Salzberg
et al., 1995), biology (Shmozono et al., 1994), and medicine (Judmaier
et al., 1993; Milewska et al., 2016; Pouliakis et al., 2015). The process
of building classification trees is based on recursive division (Breimanet
et al., 1984). The set of characteristics is searched in order to find all
the possible divisions into two parts so that both the obtained subsets
would differ from each other in respect to the dependent variable at most.
The division is repeated until uniform groups are obtained or until the al-
gorithm stopping conditions are met (Wieczorek & Świtała, 2008). CART-
type classification trees with 5-fold cross-validation were used for the anal-
ysis. Cross-validation makes it possible to avoid building an overfitting
model. Statistica 13.0 (TIBCO Software INC) was used in the statistical
analysis.
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Results and Discussions

In the analysed group, single chamber VVI/AAI were implanted in
33% of patients (n=690); dual chamber pacemaker DDD in 54% of patients
(n= 1107); whereas ICD/CRT, in 13% of patients (n= 274).
The classification was created on the basis of the main indications for

electrotherapy i.e. comorbidities, patient’s age and sex (Figure 1). The main
indications included: atrial fibrillation with AV block, AV block III, si-
nus node dysfunction, AV block II t.2, AV block 2:1, trifascicular block,
AV block II t.1, alternating bundle branch block, cardiac arrest – primary
prevention, and cardiac arrest – secondary prevention. Comorbidities: heart
failure II and III NYHA class, hypertension, diabetes, chronic coronary syn-
drome, dilated and hypertrophic cardiomyopathy, atrial fibrillation, history
of stroke, chronic obstructive pulmonary disease (COPD) chronic kidney
disease, hyperthyroidism, and hypothyroidism.

Figure 1. Classification tree

The tree was built on the basis of the following variables: atrial fibril-
lation with AV block (predictive value = 0.65), cardiac arrest – primary
prevention (predictive value = 1.0), cardiac arrest – secondary prevention
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(predictive value = 0.60), AV block III (predictive value = 0.18), and atrial
fibrillation (predictive value = 0.28). The tree consisted of 5 nodes and
6 leaves.
Two leaves indicated the advantage of using SC-AAI/VVI (ID= 2,

ID= 10). The first one (ID= 2) concerned patients with atrial fibrilla-
tion with AV block, with the device implanted in 488 out of 534 of the
cases (91%). The patients indicated in leaf ID=10 were characterized by
the presence of AV block III and atrial fibrillation (atrial fibrillation with
AV block did not occur; the indications: cardiac arrest – primary or sec-
ondary prevention were not present). In those patients, SC-AAI/VVI were
implanted in 66 cases out of 123 (54%).
The further two leaves indicated the advantage of using DC-DDD

(ID=9, ID= 11). Leaf ID= 11 concerned patients with a history of
AV block III (the indications: cardiac arrest – primary or secondary pre-
vention were not present; atrial fibrillation with AV block did not occur;
atrial fibrillation did not occur). In those patients, DC-DDD was used in 228
out of 275 cases (83%). Leaf ID= 9, on the other hand, describes patients in
whom none of the indications were present: atrial fibrillation with AV block,
cardiac arrest – primary or secondary prevention, AV block III). In those
patients, DC-DDD was used in 782 cases out of 871 (90%).
Two leaves also indicated the advantage of using ICD/CRT (ID= 4,

ID= 6). The patients implanted with the device the most often were not di-
agnosed with atrial fibrillation with AV block but were referred because of
“cardiac arrest – primary prevention” (ID= 4; n= 199; 100% of ICD/CRT
choices) or because of “cardiac arrest – secondary prevention” (ID= 6;
n= 69; 100% of ICD/CRT choices).
Atrial fibrillation with AV block and atrial fibrillation with AV block III

are the classic indications for implantation of a single chamber pace-
maker (SC-VVI). These concern the cases of patients with a history of
sustained atrial fibrillation with slow ventricular conduction. According
to the guidelines of the European Society of Cardiology (ESC) (Brig-
nole et al., 2013), this is an IC class recommendation. In the presented
study, 91% of the patients with the indication in question had the device
implanted.
A typical indication for implantation of a DDD pacemaker is si-

nus rhythm with AV block III. 83% of patients in this group had
this device implanted. The ESC recommendation in these cases leaves
no doubt (IC). In the case of sick sinus syndrome, AV block II t.2, symp-
tomatic AV block t.1, and symptomatic AV block 2:1, a preferred de-
vice is also the dual chamber pacemaker (DC-DDD). In the presented
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analysis, 90% of patients with these disorders were treated with this
method.
Asynchronous stimulation, i.e. only of the right ventricle (VVI), as op-

posed to synchronous right atrium-right ventricle (DDD), increases the risk
of the occurrence and sustenance of atrial fibrillation, which is haemo-
dynamically unfavourable, increasing the risk of heart failure (Mulpuru
et al., 2017).
Implantable cardioverters-defibrillators (ICD) and/or cardiac resyn-

chronization devices with defibrillator function (CRTD) are used when clin-
ical indications are met (symptomatic heart failure) accompanied by se-
rious systolic left ventricle dysfunction (LVEF≤ 35%). The patient must
be treated optimally (in accordance with the ESC guidelines concerning
chronic heart failure) and be characterized with a good 12-month survival
prognosis (in primary prevention – recommendation IA or IB depending
on the aetiology of heart damage). In secondary prevention the recommen-
dation is unambiguous – IA. It is similarly unambiguous in the case of
paroxysmal ventricular tachycardia (VT) – IIa with level of evidence C.
In the presented analysis, 100% of patients with the aforementioned indica-
tions had devices implanted that improved prognosis (ICD, CRTD) (Poni-
kowski et al., 2016).
The type of the stimulating device used is connected with type of

impulse generation and/or atrioventricular conduction disturbances, re-
gardless of the underlying cause (if they are not the result of a re-
versible cause, e.g. electrolyte disturbances) (Brignole et al., 2013). In
the case of an implantable cardioverter-defibrillator (ICD) implanted as sec-
ondary prevention, the indications result from a history of cardiac ar-
rest in the course of ventricular fibrillation (VF) regardless of the aetiol-
ogy (provided that the causes are not reversible, e.g. acute ischaemia) or
in the case of recurrent, life-threatening ventricular arrhythmia (Ponikow-
ski et al., 2016).
In primary prevention, ICD/CRTD implantation is connected with

the primary disease, i.e. symptomatic chronic heart failure with additional
echocardiographic indications, the implemented therapy, or depends on the
patient’s prognosis. Guidelines concerning the indications for such treat-
ment to be used differentiate between ischaemic and non-ischaemic (dilated
cardiomyopathy) causes of heart damage. The indications only differ in the
level of evidence at the same class of recommendation. In a significant num-
ber of patients, the aetiology of left ventricular muscle. In some patients,
both aetiologies of heart damage (ischaemic and non-ischaemic) may be
present simultaneously (Ponikowski et al., 2016).
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Conclusions

Electrotherapy is a dynamically developing method of treatment of im-
pulse generation and/or atrioventricular conduction disturbances. It is an
extremely important method used in heart failure treatment. The guidelines
that include indications for implantation of devices are periodically updated
as medical knowledge and technologies develop. They are an incredibly valu-
able source that help to make optimal decisions in various clinical states.
The decision concerning the choice of a particular device is always taken
on the basis of the current recommendations and the patient’s clinical con-
dition. The used classification trees may enable verification of the state
of implementation of guidelines for electrotherapy on real-life therapeutic
decisions. Using devices of this type may have a positive impact in the pro-
cess of making correct therapeutic decisions.
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