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Introduction
In 1889 John McWilliam published the re-

sults of an experimental study of the use of elec-
trostimulation in asystole. Almost 40 years later,
in 1926 Mark Leadville and Edgar Booth created
a portable device for electrostimulation of cardiac
activity, which was successfully used in a still-
born child. Five years later, Albert Hyman deve-
loped a device called him «an artificial pacema-
ker». Since then, the use of pacemakers has be-
come routine in the practice of treating rhythm
and conduction disorders. The first patient, who
was implanted by APM, Arne Larsson, lived after
the operation for another 43 years, having
replaced 26 devices during this time and survived
not only the inventor of the first implantable
APM, but also the surgeon who operated him.
According to experts, more than 600,000 APM
are implanted in the world each year, and the total
number of patients living with a pacemaker
exceeds 3 million [1, 2]. Conducting biventricular
or resynchronizing cardiac pacing can effectively
eliminate disturbed coordination in the work of
the ventricular myocardium and improve the
systolic function of the heart [2, 3].

However, the installation of pacemakers
(ECS) may cause a number of complications,
such as surgical (perforating in the form of hemo-
and pneumothorax, intercostal syndrome, hemo-
pericard and cardiac tamponade, as well as pu-
rulent septic ones) and non-surgical, including

electrolyte-dissociative complications [4, 5]. The
purulent-septic complications include hemato-
mas of the ECS bed, electrode sore, ECS sore, as
well as suppuration of the postoperative wound.
The unfavorable hemodynamic effects of ECS
stand out, including the pacemaker syndrome, a
complex of clinical disorders that depends on the
adverse hemodynamic and (or) electrophysio-
logical effects of ventricular stimulation, inclu-
ding hypotensive reactions, neurological disor-
ders, and development of circulatory insuffi-
ciency. Signs of poorly expressed PMS include
neck vein pulsation, fatigue, weakness, malaise,
fatigue, palpitation, dizziness, coughing, a sense
of fear, heaviness in the chest. With moderate
severity of the syndrome, pain in the jaws, chest
pain, dizziness, hypotension, dyspnea with
physical exertion, changes in thinking, headache.
In severe cases, with the appearance of presyn-
cope and syncope, patients can feel even worse
with stimulation in the VVI regimen than before
implantation of the ECS.

The development of the pacemaker syndrome
is associated with a number of mechanisms, of
which the leading is the retention of ventriculo-
atrial conduction with retrograde atrial excitation
during electrical stimulation, and in some cases –
with the advent of echo-complexes [5]. In some
patients with intact VA without a clinically
expressed PMS at rest, during exercise with
stimulation in VVIR mode, hemodynamics may
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not improve, since the beneficial effect of incre-
ased heart rate is offset by the unfavorable hemo-
dynamic effect of constant retrograde conduction.
Implantation of the VVIR-type ECS does not
guarantee the patient from the development of
the PMS at rest and / or during physical exertion
[5, 6].

PMS can occur in patients with VVIR sti-
mulation in the following situations:

1) continuous stimulation while maintaining
VA exercise during exercise;

2) patients with chronotropic insufficiency
may remain at normal sinus rhythm at rest, and
during an inadequate increase in the frequency
of the sinus rhythm leads to the inclusion of ven-
tricular stimulation (with a frequency exceeding
the sinus rhythm) with retrograde conduction;

3) VA is dynamic, and in some patients with
blocked VA, alone, it can be improved and
restored by physical activity under the influence
of catecholamines or other factors. Conversely,
PMS, observed at rest, may disappear during
exercise, if the increase in ventricular stimulation
blocks VA conduction.

SC with atrial or two-chamber stimulation is
observed in the following situations:

• long programmed AV delay (AR or PR
interval> 200 ms);

• EKS-mediated (endless circular) tachy-
cardia;

• stimulation in DDI or DDIR modes (varying
PV intervals);

• sinus bradycardia is less frequent than the
base frequency when stimulated in VDD mode;

• switching the stimulation mode (from
DDDR to VVIR);

• «rhythm smoothing» function for two-
chamber stimulation.

A fairly rare cause of MS development may
be increased atrial latency (> 40 ms).

The purpose of this study was to assess the
incidence of various complications of ECS using
epi- and endocardial placement of electrodes.

Material and methods
The study was completed during 2014–2017

on the basis of cardiosurgery department OKB
(Odessa, Ukraine). During this period 54 ECS

were established, including 21 - with endocardial
positioning of electrodes and 33 – with epicardial
electrodes. The frequency of intraoperative and
postoperative complications was analyzed.

Under local anesthesia, a horizontal incision
6 cm long by 4 cm below the clavicle with the
spread of the lateral part of the incision to the
s. deltoideopectoralis forms the ECS bed. This
allows you to place the stimulator away from the
armpit, avoiding its displacement when the arm
moves in the shoulder. Under the control of the
fluoroscopic system, an endocardial electrode is
inserted through the lumen of the vein (v. Cepha-
lica, v. Subclavia, v. Jugularis externa or interna)
into the apex of the right ventricle or into the
right atrium. The conductor of the second electro-
de must be inserted through the introducer, the
third into the aperture interventricular septum
endocardially.

After the introduction of the electrodes, the
threshold of electrocardiostimulation and the
value of the intracardiac potential (threshold <0.7
V, R-wave amplitude> 5 mV) are determined.The
provocative tests for the dislocation of the elec-
trode (hyperventilation and coughing) and stimu-
lation of the diaphragm are carried out. breathing
in the vertical position and coughing (with the
back position), this did not lead to the dislocation
of the electrode due to longitudinal traction or
the formation of a loop. The pacemaker is con-
nected to the distal electrode connector is placed
in the formed bed (subcutaneously or under the
large pectoral muscle).

The statistical analysis was performed using
STATISTICA 10.0 software (StatSoft Inc., USA)
[7].

Results
As the results of the study showed, the most

frequent complications were the dislocation of
electrodes, the formation of microemboli and
suppuration in the area of the postoperative
wound (Table). The main risk factors for compli-
cations were the history of an acute infectious
disease and / or fever on the eve of surgery, pre-
vious temporary pacing, kidney failure, cortico-
steroids and anticoagulants on the eve of surgery,
and insufficient experience of the surgeon.

The frequency of complications in the installation of pacemakers by different methods
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A more detailed analysis showed that the intro-
duction of a new method of implantation of the
pacemaker increased the risk of complications.

For the prevention of complications, we re-
commend categorical compliance with the rules
of asepsis and antiseptics, the use of preoperative
sedation (premedication) in any age group, strict
adherence to operative-anatomical rules for pun-
cture implantation of electrodes with an adequate
choice of intraduser. The adequate size of the
intraduser, for puncture of the subclavian vein,
should not exceed 7F. Compliance with the rules
of patient management in the early postoperative
period under the control of anticoagulant and
antiaggregant therapy. For the prevention of long-
term complications, it is recommended to monitor
the function of the pacemaker every 6 months.

It should be noted that in our study there were
no cases of PMS. For the prevention of this con-
dition, a change in the mode of electrostimula-
tion, transition to «physiological stimulation regi-
mens» (AAI, DDD, VDD, DDI) is recommended;
change in the base frequency of stimulation with
the introduction of hysteresis in patients with

transient disturbances of AV conduction or weak-
ness of the sinus node if the rhythm itself ex-
ceeds 50–60 beats per minute; transition to «fre-
quency-adaptive» stimulation, if a slight increase
in the frequency of stimulation develops a vent-
riculo-atrial blockade that persists with exercise.
In a number of cases, a pharmacological or non-
pharmacological (transvenous ablation of the AV
compound) is used to correct retrograde conduction.

Ñonclusion
1. The occurrence of complications after ECS

installation does not exceed 15%.
2. The most frequent complications were the

dislocation of electrodes, the formation of micro-
emboli and suppuration in the area of the post-
operative wound.

3. The main risk factors for complications
were the history of an acute infectious disease
and / or fever on the eve of surgery, previous
temporary pacing, renal failure, corticosteroids
and anticoagulants on the eve of surgery, and
insufficient experience of the surgeon.

4. There were no significant differences
between various methods of ECS placing.
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Þ.². Êàðïåíêî, Ìîõàìåä Õàíàô³
ÐÈÇÈÊ ÓÑÊËÀÄÍÅÍÜ ÏÐÈ ²ÌÏËÀÍÒÀÖ²¯ ØÒÓ×ÍÈÕ ÊÀÐÄ²ÎÑÒÈÌÓËßÒÎÐÍÈÕ ÑÈÑÒÅÌ

Îö³íþâàëè ÷àñòîòó ð³çíèõ óñêëàäíåíü ECS, âèêîðèñòîâóþ÷è åï³- òà åíäîêàðä³àëüíå ðîçòàøóâàííÿ
åëåêòðîä³â. Áóëî ïðîäåìîíñòðîâàíî, ùî âèíèêíåííÿ óñêëàäíåíü ï³ñëÿ âñòàíîâëåííÿ ECS íå
ïåðåâèùóº 15%. Íàé÷àñò³øèìè óñêëàäíåííÿìè áóëè äèñëîêàö³ÿ åëåêòðîä³â, óòâîðåííÿ ì³êðîåìáîë³â
òà íàãíîºííÿ â ä³ëÿíö³ ï³ñëÿîïåðàö³éíî¿ ðàíè. Îñíîâíèìè ôàêòîðàìè ðèçèêó óñêëàäíåíü áóëè ³ñòîð³ÿ
ãîñòðîãî ³íôåêö³éíîãî çàõâîðþâàííÿ òà / àáî ëèõîìàíêè íàïåðåäîäí³ õ³ðóðã³÷íîãî âòðó÷àííÿ,
ïîïåðåäíÿ óñòàíîâêà òèì÷àñîâîãî ñòèìóëÿòîðà, íèðêîâà íåäîñòàòí³ñòü, ïðèçíà÷åííÿ êîðòèêî-
ñòåðî¿ä³â ³ àíòèêîàãóëÿíò³â íàïåðåäîäí³ îïåðàö³¿ òà íåäîñòàòí³é äîñâ³ä õ³ðóðãà. Âèíèêíåííÿ
óñêëàäíåíü íå çàëåæèòü â³ä ð³çíèõ ìåòîä³â ðîçì³ùåííÿ ECS.

Êëþ÷îâ³ ñëîâà: øòó÷íèé êàðä³îñòèìóëÿòîð, ñåðöåâà íåäîñòàòí³ñòü, äèñèíõðîí³ÿ øëóíî÷ê³â.
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Þ.È. Êàðïåíêî, Ìîõàìåä Õàíàôè
ÐÈÑÊ ÎÑËÎÆÍÅÍÈÉ ÏÐÈ ÈÌÏËÀÍÒÀÖÈÈ ÈÑÊÓÑÑÒÂÅÍÍÛÕ ÊÀÐÄÈÎÑÒÈÌÓËßÒÎÐÍÛÕ
ÑÈÑÒÅÌ

Îöåíèâàëè ÷àñòîòó ðàçëè÷íûõ îñëîæíåíèé ECS, èñïîëüçóÿ ýïè- è ýíäîêàðäèàëüíîå ðàñïîëî-
æåíèå ýëåêòðîäîâ. Áûëî ïðîäåìîíñòðèðîâàíî, ÷òî âîçíèêíîâåíèå îñëîæíåíèé ïîñëå óñòàíîâëåíèÿ
ECS íå ïðåâûøàåò 15%. ×àñòûìè îñëîæíåíèÿìè áûëè äèñëîêàöèÿ ýëåêòðîäîâ, îáðàçîâàíèÿ
ìèêðîýìáîëîâ è íàãíîåíèå â îáëàñòè ïîñëåîïåðàöèîííîé ðàíû. Îñíîâíûìè ôàêòîðàìè ðèñêà îñ-
ëîæíåíèé áûëè èñòîðèÿ îñòðîãî èíôåêöèîííîãî çàáîëåâàíèÿ è / èëè ëèõîðàäêè íàêàíóíå õèðóð-
ãè÷åñêîãî âìåøàòåëüñòâà, ïðåäâàðèòåëüíàÿ óñòàíîâêà âðåìåííîãî ñòèìóëÿòîðà, ïî÷å÷íàÿ íåäî-
ñòàòî÷íîñòü, íàçíà÷åíèå êîðòèêîñòåðîèäîâ è àíòèêîàãóëÿíòîâ íàêàíóíå îïåðàöèè è íåäîñòàòî÷íûé
îïûò õèðóðãà. Âîçíèêíîâåíèå îñëîæíåíèé íå çàâèñèò îò ðàçëè÷íûõ ìåòîäîâ ðàçìåùåíèÿ ECS.

Êëþ÷åâûå ñëîâà: èñêóññòâåííûé êàðäèîñòèìóëÿòîð, ñåðäå÷íàÿ íåäîñòàòî÷íîñòü, äèññèí-
õðîíèÿ æåëóäî÷êîâ.

Íàä³éøëà 19.12.17
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