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Abstract 

Background: The pacemaker is a medical device placed beneath the skin in the chest or abdominal area, designed to 
regulate irregular heart rhythms. By delivering electrical signals to the heart muscle, it ensures the heart maintains an 
appropriate rate and rhythm.  

Introduction: Patients undergoing implantation of cardiac pacemakers require specialized medical care. Nurses play a 
key role in the care of patients with cardiac pacemakers, particularly in the preoperative and postoperative periods. 
This review focuses on the practices and interventions performed by nurses to improve outcomes and care in managing 
and monitoring patients with pacemakers.  

Methods: This article presents the fundamental aspects of caring for patients with pacemakers in the preoperative and 
postoperative periods. The review covers processes of assessment, observation, and interventions related to patient 
status, pacemaker function, and associated complications. Results: Nurses play a key role in monitoring patients with 
pacemakers, including monitoring device function and identifying potential problems or complications. Nursing 
interventions include pain management, infection control, educational programs for patients and their families, and 
support for the psychological well-being of patients.  

Conclusion: Care for patients with pacemakers in the preoperative and postoperative periods requires specialized 
knowledge and skills from nurses. Understanding the practices and interventions in this area can improve outcomes 
and the quality of care for these patients. 

Keywords: Nurse; Pacemaker Patients; Preoperative Care; Postoperative Care; Intensive Care; Patient Management; 
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1. Introduction

1.1. Review 

A cardiac pacemaker (CP) is a medical device implanted beneath the chest’s skin or abdomen, designed to help regulate 
abnormal heart rhythms [1]. Electrical impulses are being sent from this implantable medical device to the heart muscle, 
which helps maintain an appropriate rhythm and heart rate. Pacemakers are essential for patients with cardiac 
arrhythmias, providing the necessary stimulation to stabilize the heart's rhythm and prevent or interrupt dangerous 
arrhythmias [2]. They play a substantial role in maintaining optimal heart function and reducing the risk of severe 
events such as cardiac arrest or stroke. Cardiac pacemakers are commonly utilized in medical practice and play a crucial 
role in managing patients with conduction and rhythm abnormalities. 
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The cardiac pacemaker, also known as an electrical stimulator or artificial pacemaker, was first implanted in 1958. Over 
time, advancements in electronics have greatly transformed the design of this device, and the implantation process has 
become a standard medical procedure [3]. Its primary function is to stabilize the heart's rhythm by stimulating the heart 
muscle. In modern practice, the use of cardiac pacemakers has gained greater significance in managing complex cardiac 
conditions. Advancements in medical technologies, population aging, and the expansion of indications have increased 
the number of patients receiving this therapy [2]. 

The importance of specialized medical care for patients undergoing pacemaker implantation is crucial for the successful 
outcome of the procedure and achieving optimal patient results. Pacemaker implantation is a serious and invasive 
procedure that requires specific training and care from the medical staff. Specialized medical care provides the 
necessary support and monitoring of patients before, during, and after the pacemaker implantation procedure. This 
includes preoperative preparation and assessment, selection of the appropriate pacemaker type, the implantation 
procedure itself, as well as postoperative care and monitoring. Specialized care offers not only physical but also 
emotional support for patients, who often feel stressed and anxious before and after the implantation [3]. The nurse 
plays an active role in managing cardiac care, with responsibilities ranging from direct medical interventions to 
psychological support and team coordination. Effective nursing care is based on proper assessment and support for 
patients undergoing pacemaker implantation, both before and after the procedure. Continuous support and information 
help patients cope with the situation more easily and feel confident in their treatment. Furthermore, specialized medical 
care includes monitoring for potential complications after pacemaker implantation, as well as managing any problems 
or side effects that may arise. This ensures the safety and well-being of patients undergoing the procedure [4]. 
Ultimately, specialized medical care is essential for the successful treatment and recovery of patients who need 
pacemaker implantation. It plays a key role in providing quality healthcare and improving the quality of life for these 
patients. 

In the preoperative and postoperative care of patients undergoing pacemaker implantation, nurses play an essential 
and indispensable role. They not only provide physical care and medical monitoring but also offer emotional support 
and information to the patients and their families. Preoperative care involves a comprehensive assessment of the 
patient’s health, preparation for the procedure, and explanation of the procedure itself [2]. Postoperative care includes 
monitoring for reactions and complications following pacemaker implantation, pain management, and support for the 
patient’s recovery. All these aspects are carried out under the guidance and care of nurses, who are essential for the 
successful treatment and healthy recovery of the patients. 

1.2. Preoperative Assessment Before Pacemaker Implantation 

The preoperative assessment before pacemaker implantation is a basic stage in patient care. This process includes a 
thorough analysis of the patient's medical history, an evaluation of their condition, and an assessment of additional tests 
essential for making a decision regarding the procedure. During the preoperative evaluation, a thorough assessment of 
the patient’s cardiac function is conducted, including an evaluation of the electrocardiogram (ECG) and 
echocardiography, to rule out any serious cardiac issues that could affect the pacemaker implantation [4]. 

Additionally, the patient’s current medication list is reviewed to assess potential interactions with anaesthesia and their 
impact on the implantation procedure [5]. An important part of the preoperative assessment is discussing the procedure 
with the patient, explaining the expected outcomes, risks, and alternatives. This provides an opportunity for the patient 
to ask questions, express concerns, and feel reassured about the benefits of pacemaker implantation. Overall, the 
preoperative assessment is crucial for preparing the patient and ensuring the successful execution of the pacemaker 
implantation procedure, as it establishes the necessary conditions for safety and effectiveness. 

Before performing scheduled procedures for implantation or reimplantation, the preoperative assessment includes 
consultations with the cardiology team from the cardiac pacing department of the relevant institution, as well as with 
the anaesthesiologist and the operating physician [6,7]. The evaluation will determine the type of device to be implanted 
(Cardiac Implantable Electronic Devices), the manufacturer, serial number, and the current settings required for its 
proper functioning. 

Patients undergoing reimplantation usually carry an identification card for their current pacemaker, which provides 
information about the brand, model, and manufacturer. This allows for the pre-selection of the correct model to replace 
the old device. In the absence of this information, an evaluation of the device must be performed to answer several key 
questions: What is the patient's underlying rhythm? Is the device functioning properly? Are the electrode parameters 
optimal? This allows for proper planning of the reimplantation procedure [8,9]. 



World Journal of Advanced Research and Reviews, 2024, 23(03), 2764–2772 

2766 

According to the recommendations of the EHRA (European Heart Rhythm Association) and ASA (American Society of 
Anaesthesiology), follow-up for implanted devices should be conducted periodically—every 12 months for 
conventional pacemakers, every 6 months for ICDs, and every 3 to 6 months for CRT devices [10,11]. In the absence of 
prior history, it is mandatory to conduct an examination and gather all necessary data using the appropriate equipment. 
This stage of surgical procedure planning is essential for minimizing the risk of complications [12,13]. 

According to leading guidelines for monitoring and implantation of cardiac devices, it is important to address several 
key questions [14,15]: 

 Is the patient dependent on the cardiac pacemaker? Patients with a pacemaker may be dependent on it, 
meaning that if the stimulation from the device is stopped, they could experience asystole and cardiac arrest. 
Such patients may have had severe bradycardia before implantation or have undergone His bundle ablation for 
some reason. Electromagnetic interference (EMI) can inhibit the pacemaker, posing an immediate life threat to 
the patient [16]. Therefore, EMI should be avoided, or if necessary, the existing device should be programmed 
to asynchronous pacing mode to minimize the risk of complications. 

 Does the patient have an ICD (Implantable Cardioverter-Defibrillator)? When reimplanting a defibrillating 
device such as an ICD, it is crucial to deactivate the anti-tachycardia therapy. This is necessary due to the risk 
of delivering a shock during the procedure, which could adversely affect the patient and the surgical team. 

There are several types of CP, but they are mainly categorized into external (temporary) and internal (permanent) 
pacemakers [17]. In some patients, a temporary external pacemaker may be required to stabilize their condition until a 
permanent pacemaker can be implanted. The temporary electrode is introduced through a different peripheral vein 
than the one used for the future permanent pacemaker, to minimize the risk of infection and complications. The role of 
the specialized medical staff is to explain to the patient that they must adhere to the prescribed regimen and avoid 
moving the limb through which the temporary electrode is placed. This ensures that the implantation procedure 
proceeds smoothly for both the patient and the surgical team. 

2. Nursing Interventions During and in the Early Postoperative Period Following Permanent 
Pacemaker Implantation 

Perioperative care for patients undergoing pacemaker implantation is crucial for the successful outcome of the 
procedure. These patients often require specialized and individualized medical care due to their specific needs and 
potential risks. Due to the risk of developing various complications following the implantation of a permanent 
pacemaker, such as arm swelling on the side of the surgical intervention and signs of cardiac dysfunction, the patient 
must be actively monitored [18]. Immediately after the surgery, the medical team observes the patient for any painful 
or unusual symptoms. Regular examinations and monitoring are essential to ensure that the pacemaker is functioning 
properly and that no complications arise [19]. Perioperative nursing care includes monitoring the patient's vital signs, 
assessing pain, and carrying out the physician's orders. The nurse must be familiar with the guidelines for pacemaker 
care and participate in patient's safety education and support. The nurse's responsibilities also include monitoring the 
implantation site for any signs of infection and assisting the patient in their recovery. They need to be prepared to 
respond to unforeseen circumstances and provide the necessary help and support to the patient throughout the 
postoperative period. The pacemaker implantation procedure encompasses the preoperative period, the actual 
implantation in the operating room, and postoperative follow-up. The specialized nurse plays an active role in each 
stage. During the procedure itself, the nurse must prepare the operating room and instruments, and be ready to respond 
promptly to any potential complications [20]. 

Early postoperative complications are often diagnosed in the operating room, such as suboptimal electrode placement 
necessitating repositioning or inadequate attachment of the electrodes to the pulse generator. Although these 
complications are rare, they can be life-threatening in the following days or weeks if not promptly identified [21]. 
Continuous ECG monitoring throughout the procedure is absolutely essential, and the nurse, as part of the team, must 
be trained to recognize pathological deviations and alert the operator. This helps to minimize complications during the 
surgical intervention [22]. After the pacemaker implantation is completed, the nurse applies a sterile dressing. They 
should inspect the surgical wound to monitor it as needed in the early postoperative period. 

Each stage of pacemaker implantation is of utmost importance, and the trained nurse plays a crucial role in patient 
monitoring. In addition to the technical aspects, the psychological state of the patient should not be underestimated. A 
primary task of the nurse is to comfort the patient and ensure their comfort during the procedure [23]. After the 
operation is completed, the implanted device requires programming to accommodate the individual characteristics and 
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needs of the patient. Programming may involve adjusting the base pacing rate as well as changing the atrioventricular 
delay. These parameters depend on the physical capacity and specific needs of the patient. 

The role of the nurse in providing care for patients with pacemaker was examined through a standardized interview 
conducted among medical professionals directly involved in the processes of coordination and organization (n=125). 
The study provides valuable information about daily practices, the role of the nurse, and opportunities for improvement 
in the management of cardiology care. A significant proportion of the surveyed respondents perceive their role as 
extremely important (66.4%). The results highlight the importance of their professional contribution to providing high-
quality care and support for patients (Figure 1). 

 

Figure 1 The role of the nurse in patients with pacemakers 

Motivation and development of an optimal behavioral model for patients with a pacemaker are also found in the 
responses related to the stages of intervention planning. Detailed care planning encompasses both physical recovery 
and the psychological adaptation of the patient. A statistically significant strong positive correlation is established 
between physical recovery and successful adaptation (r=0.88). Patients who receive psychological support and 
guidance for adaptation demonstrate significantly better outcomes in coping with their new lifestyle (Figure 2). 

 

Figure 2 Correlation Between Recovery and Adaptation 
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The nurse in the cardiology clinic monitors the patient's overall condition on a daily basis, tracking vital signs, assessing 
the health dynamics, and applying care standards within the scope of her competencies. The main nursing activities and 
care for patients are focused on: 

 continuous monitoring of the heart rate 
 monitoring and early recognition of potential issues related to pacemaker function 
 wound care and ensuring patient safety 
 encouraging patient independence and awareness 
 emotional support for the patient and their family 
 guidance and psychological support for the patient and their family in living with a pacemaker 

3. Types of Complications in Pacemaker Implantation and the Role of the Nurse in Early Detection and 
Minimization 

3.1. Complications related to pacemaker implantation can be categorized into early and late complications. 

Early Complications: These typically occur during the implantation procedure and are associated with venous access 
for electrode placement. The medical literature identifies complications that include: 

 Pneumothorax: The presence of air in the pleural cavity. 
 Hemothorax: The collection of blood in the pleural cavity. 
 Air Embolism: Entry of air into the bloodstream, potentially leading to serious complications. 

Early complications may also involve the placement of the electrode in the right atrial appendage or the apex of the right 
ventricle, including: 

Myocardial perforation or micro-perforation: Penetration of the myocardium, potentially leading to acute or subacute 
pericardial effusion. Additionally, potentially life-threatening cardiac tachyarrhythmias can occur during the 
implantation. Timely recognition and management of these arrhythmias are critical for the patient's survival. In these 
scenarios, the nurse plays a crucial role by monitoring the patient's haemodynamic parameters closely.  

Late complications occur days or months after the implantation procedure. The initial two months are critical for 
stabilizing the electrodes, during which the patient must adhere to certain physical activity restrictions to minimize the 
risk of electrode displacement [24]. Regular follow-up visits to monitor the function of the implanted device are 
extremely important. During these visits, the pacing threshold and electrode impedance are measured, and other 
potential complications that may develop over time are checked. These late complications may include: 

 Increased Pacing Threshold: This may occur even if the electrode has not displaced, due to fibrosis at the 
electrode site. 

 Decubitus Ulcer: Formation of a small pocket above the pulse generator, potentially leading to skin breakdown. 
 Infection at the Implantation Site: Risk of infection at the site where the device was implanted. Monitoring and 

early detection of these issues are essential for ensuring the long-term effectiveness and safety of the 
pacemaker. 

Mortality from complications is rare, with rates ranging from 0.08% to 1.1% [25]. 

Pneumothorax is a serious complication associated with pacemaker implantation and most commonly occurs during 
the puncture of the subclavian vein through which the electrodes are inserted [26]. Literature reports varying 
frequencies of this complication, with some institutions reporting rates from 0.6% to 1%, while others indicate a rate 
of 5.2%, largely depending on the experience and workload of the center. On average, the frequency of complications 
ranges from 1% to 3% [27]. Pneumothorax typically presents ipsilaterally and may vary in severity. 

In such cases, the patient may need to be placed on continuous aspiration [28]. The immediate care provided by the 
nurse is crucial for the psychological comfort of the patient. 

The possibility of developing hemothorax during pacemaker implantation is a rare complication, typically occurring 
during puncture of the subclavian artery, especially in patients receiving antiplatelet therapy [29]. The nurse identifies 
the early signs of the complication. Patient management includes timely recognition of clinical symptoms, providing 
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respiratory support, monitoring hemodynamic parameters, assisting in diagnostic procedures and drainage, as well as 
providing necessary education. 

Several authors define air embolism as a potential complication [30]. The at-risk groups for developing air embolism 
include elderly patients and those who are dehydrated, with the highest risk occurring during the removal of the 
introducer’s dilator. Nursing intervention in ensuring adequate hydration and positioning the patient in a safe 
Trendelenburg position is significant for improving the patient's overall condition. The interventions are focused on 
assessing the hydration level and providing the necessary amount of fluids, including intravenous administration. 

Results from conducted studies show that the incidence of venous thrombosis after pacemaker implantation can range 
from 30% to 45%, with most cases being asymptomatic, as the body compensates by forming alternative blood vessels 
[31, 32]. Early identification can significantly reduce risks of further health problems and even death [33]. The nurse 
must be attentive to the early signs of venous thrombosis, which may include: 

 pain, swelling, and redness at the implantation site or along the venous pathway 
 shortness of breath, chest pain, and tachycardia 
 local inflammation or signs of infection, including elevated temperature. 

A fairly frequent problem after pacemaker implantation is haematomas. In cardiology practice, the use of perioperative 
anticoagulant therapy is a challenge [34]. The nurse monitors the patient for signs of hematoma, such as swelling, pain, 
changes in skin color around the implantation site, and difficulty moving the arm. The patient is informed about the 
behavior to follow—avoiding physical exertion, pressure, or injury at the intervention site. The wound is kept clean and 
dry to prevent infection, which could increase the risk of complications and hematoma formation. 

The risk of infection is significantly increased in erosion cases and it is often recommended to extract the entire system 
[35]. The incidence of pacemaker-related infections is dependent on the number of implanted devices. The more the 
number increases, the greater the risk of infections. This complication can affect any structure, including the pacemaker 
pocket and electrodes, as well as endocardial structures, which is being linked by high percentage of mortality rates. 
Research indicates that the rate of infections associated with the implantation of various cardiac electronic devices 
ranges from 0.5% to 2.2% [35]. The nurse must regularly inspect the implantation site for signs of wound dehiscence 
or erosion. Proper wound care, infection prevention, and early recognition of problems can significantly reduce the risk 
of complications and support the patient's successful recovery. 

Improper placement of the ventricular electrode is an exceedingly uncommon complication. Literature describes 
cases where the implanted electrode was positioned in cardiac veins, coronary sinus, pulmonary vessels, or the left 
ventricle [36]. Identifying incorrect electrode placement during the implantation procedure is crucial for making 
necessary adjustments and avoiding subsequent complications, such as embolic events or pericardial effusion. 

Clinical studies indicate that electrode dislocation is a potentially dangerous and significant complication in practice. 
It usually develops during the initial post-implantation phase, typically within the first 24 to 48 hours. Studies show that 
88% of electrode displacements take place within the first three months [37]. Displacement of atrial electrodes is more 
common (1.6-4.4%) than ventricular electrodes (0.5-1.9%) [38]. There are several potential risk factors for electrode 
dislocation and they include advanced heart failure with enlargement of cardiac chambers, the onset of atrial fibrillation, 
and lack of adequate experience in the center performing the procedure. When dislocated, the electrode usually remains 
intracardiac but may migrate back to the pulse generator, especially in the presence of Twiddler's syndrome [39]. 

Specific strategies for managing various complications vary depending on the particular issue. For a haematoma, 
manual compression and a prophylactic course of prolonged antibiotics are applied to prevent infection; revision and 
repositioning of the electrodes may be necessary [40]. In cases of pneumothorax or hemothorax, consultation with a 
thoracic surgeon is required, and if a perforation of a cardiac chamber is present, cardiothoracic surgical support should 
be sought [41]. The nurse plays an essential role in monitoring the patient and is often the first member of the team to 
detect complications. Key responsibilities of the specialized nurse include: 

Monitoring the electrocardiogram and looking for clinical signs of device dysfunction, such as a low heart rate or 
evidence of incorrect electrode positioning. Various medications used in the intensive cardiology unit, such as 
corticosteroids, sympathomimetics, and anesthetics, may elevate the pacing threshold of the pacemaker and lead to 
extreme bradycardia. 
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3.2. Coordinated Care for Key Symptoms of Critical Conditions.  

Timely assessment of the patient's condition and identification of signs of serious and life-threatening conditions 
support the urgent and effective treatment of critically ill patients. The nurse must be attentive not only to changes in 
the patient's condition but also to potential issues with the device itself. Clinical experience and judgment can be 
directed toward the following priorities in nursing care: 

 monitoring vital signs, including observation of heart rhythm and pacemaker function 
 monitoring and assessing chest pain 
 observing respiratory function 
 evaluating the underlying cause and ensuring immediate and appropriate interventions for dyspnea 
 analyzing subjective and objective data for impaired gas exchange 
 monitoring for symptoms of arrhythmias 
 observing for signs of cardiac tamponade and providing timely reporting 
 noting signs of anxiety and restlessness 
 preventing and controlling infections 
 informing the patient and their family about the influence of external factors, limiting physical activity, and 

avoiding areas with strong magnetic or electrical fields 
 ensuring patient safety 

Coordinated care for patients with pacemakers encompasses a wide range of activities, including not only monitoring 
cardiac function and preventing infections but also supporting the patient's psycho-emotional state and ensuring safety 
during daily activities. These aspects are interconnected and require exceptional precision, attentiveness, and skills 
from the nurse, whose active involvement is crucial for successful recovery and reducing the risk of complications. 

4. Conclusion 

In conclusion, the role of nurses in the care of patients with cardiac pacemakers is crucial for achieving successful 
outcomes and improving quality of life. The specialized knowledge and skills they demonstrate during the preoperative 
and postoperative periods not only ensure the effective functioning of the devices but also provide essential support 
and information to patients and their families. Understanding and implementing best practices by nurses not only helps 
to address potential risks and complications but also provides reassurance and comfort to patients whose lives depend 
on the functioning of their cardiac pacemakers. It is important to continue the education and development of nurses in 
this field to ensure ongoing improvement in patient care. 

Compliance with ethical standards 

Disclosure of conflict of interest. 

 The author declares that there is no conflict of interest regarding the publication of this paper 

References 

[1] Chui PW, Wang Y, Ranasinghe I, et al. Association of physician specialty with long-term implantable cardioverter-
defibrillator complication and reoperations rates. Circ Cardiovasc Qual Out 2019;12:e005374. 

[2] Bongiorni MG, Proclemer A, Dobreanu et al. Conducted by the Scientific Initiative Committee, European Heart 
Rhythm Association. Preferred tools and techniques for implantation of cardiac electronic devices in Europe: 
results of the European Heart Rhythm Association survey. Europace 2013;15:1664–8 

[3] Beldi G, Bisch-Knaden S, Banz V, Muhlemann K, Candinas D. Impact of intraoperative behavior on surgical site 
infections. Am J Surg 2009;198:157–62 

[4] Vitliyanova K, Negreva M, Yonceva I, Prodanova K. Relationship between Echocardiographic Characteristics and 
NT-proBNP in Patients with Dual Chamber Pacemaker: A Prospective Follow up Study. Merit Research Journal of 
Medicine and Medical Sciences (ISSN: 2354-323X) Vol. 11(4) pp. 086-091, April, 2023 

[5] Yoncheva I, Biserov D, Negreva M. Changes in profibrotic activity in cardiovascular diseases. World Journal of 
Advanced Research and Reviews, 2021, 11(02), 093–099 

https://scholar.google.com/citations?view_op=view_citation&hl=bg&user=yIPXWcIAAAAJ&citation_for_view=yIPXWcIAAAAJ:a0OBvERweLwC


World Journal of Advanced Research and Reviews, 2024, 23(03), 2764–2772 

2771 

[6] Rooke GA, Lombaard SA, Van Norman GA, et al. Initial Experience of an Anesthesiology-based Service for 
Perioperative Management of Pacemakers and Implantable Cardioverter Defibrillators. Anesthesiology 2015; 
123:1024. 

[7] Ellis MKM, Treggiari MM, Robertson JM, et al. Process Improvement Initiative for the Perioperative Management 
of Patients With a Cardiovascular Implantable Electronic Device. Anesth Analg 2017; 125:58. 

[8] Cima RR, Brown MJ, Hebl JR, et al. Use of lean and six sigma methodology to improve operating room efficiency 
in a high-volume tertiary-care academic medical center. J Am Coll Surg 2011; 213:83. 

[9] Wilkoff BL, Auricchio A, Brugada J, et al. HRS/EHRA expert consensus on the monitoring of cardiovascular 
implantable electronic devices (CIEDs): description of techniques, indications, personnel, frequency and ethical 
considerations. Heart Rhythm 2008; 5:907. 

[10] Cardiac Implantable Electronic Device Management [corrected]. Anesthesiology. 2020 Feb;132(2):225-252. doi: 
10.1097/ALN.0000000000002821. Erratum in: Anesthesiology. 2020 Apr;132(4):938. doi: 
10.1097/ALN.0000000000003217. PMID: 31939838. 

[11] Crossley GH, Poole JE, Rozner MA, et al. The Heart Rhythm Society (HRS)/American Society of Anesthesiologists 
(ASA) Expert Consensus Statement on the perioperative management of patients with implantable defibrillators, 
pacemakers and arrhythmia monitors: facilities and patient management this document was developed as a joint 
project with the American Society of Anesthesiologists (ASA), and in collaboration with the American Heart 
Association (AHA), and the Society of Thoracic Surgeons (STS). Heart Rhythm 2011; 8:1114. 

[12] Schulman PM, Rozner MA. Case report: use caution when applying magnets to pacemakers or defibrillators for 
surgery. Anesth Analg 2013; 117:422-7. 

[13] Chakravarthy M, Prabhakumar D, George A. Anaesthetic consideration in patients with cardiac implantable 
electronic devices scheduled for surgery. Indian J Anaesth. 2017 Sep;61(9):736-743. doi: 10.4103/ija.IJA_346_17. 
PMID: 28970632; PMCID: PMC5613599. 

[14] Healey JS, Merchant R, Simpson C, et al. Society position statement : Canadian Cardiovascular Society/Canadian 
Anesthesiologists' Society/Canadian Heart Rhythm Society joint position statement on the perioperative 
management of patients with implanted pacemakers, defibrillators, and neurostimulating devices. Can J Anaesth 
2012; 59:394. 

[15] Donnelly P, Pal N, Herity NA. Perioperative management of patients with implantable cardioverter defibrillators. 
Ulster Med J. 2007 May;76(2):66-7. PMID: 17476818; PMCID: PMC2001150. 

[16] Goel V, Shankar H, Mulpuru SK, Ramakrishna H. Inappropriate Defibrillator Shocks During Cervical Medial 
Branch Radiofrequency Ablation: A Case Report. A A Pract 2020; 14:e01286. 

[17] Vassalo  JA,  Cassidy  DM,  Miller JM, et  al.  Left  ventricular  endocardial  activation during right ventricular pacing: 
effect of underlying heart disease. J Am Coll Cardiol 1986;7:1228-33. 

[18] Yoncheva I, Biserov D, Negreva M. Pacemaker associated reduction of left ventricle systolic function. World 
Journal of Advanced Research and Reviews, 2021, 12(02), 048–054 

[19] Yoncheva I, Biserov D, Negreva M. Permanent Pacemaker Implantation: Early Post-Implantation Data. Acta 
Medica Bulgarica, 2024: 51(1) 8-16 

[20] Zaremba T, Jakobsen AR, Søgaard M, et al. Risk of device malfunction in cancer patients with implantable cardiac 
device undergoing radiotherapy: A population-based cohort study. Pacing Clin Electrophysiol 2015; 38:343–56 

[21] Schulman PM, Treggiari MM, Yanez ND, et al. Electromagnetic Interference with Protocolized Electrosurgery 
Dispersive Electrode Positioning in Patients with Implantable Cardioverter Defibrillators. Anesthesiology 2019; 
130:530. 

[22] Donohoo JH, Anderson MT, Mayo-Smith WW: Pacemaker reprogramming after radiofrequency ablation of a lung 
neoplasm. AJR Am J Roentgenol 2007; 189:890–2 

[23] Suresh M, Benditt DG, Gold B, et al. Suppression of cautery-induced electromagnetic interference of cardiac 
implantable electrical devices by closely spaced bipolar sensing. Anesth Analg 2011; 112:1358. 

[24] Yoncheva I, Negreva M. Relationship between CTGF levels and echocardiographic parameters in patients after 
permanent pacemaker implantation. World Journal of Advanced Research and Reviews 20 (3), 1357-1365 

https://scholar.google.com/citations?view_op=view_citation&hl=bg&user=yIPXWcIAAAAJ&citation_for_view=yIPXWcIAAAAJ:xtRiw3GOFMkC
https://scholar.google.com/citations?view_op=view_citation&hl=bg&user=yIPXWcIAAAAJ&citation_for_view=yIPXWcIAAAAJ:xtRiw3GOFMkC


World Journal of Advanced Research and Reviews, 2024, 23(03), 2764–2772 

2772 

[25] Pavia S, Wilkoff B. The management of surgical complications of CP and implantable cardioverter-defibrillators. 
Curr Opin Cardiol 2001;16(1):66-71. 

[26] Kotter J, Lolay G, Charnigo et al. Predictors, morbidity, and costs associated with pneumothorax during electronic 
cardiac device implantation.Pacing Clin Electrophysiol. 2016;39:985–91 

[27] García Guerrero JJ, Fernández de la Concha Castañeda, Doblado Calatrava M, et al. Transfemoral access when 
superior venous approach is not feasible equals overall success of permanent pacemaker implantation. Ten-year 
series. Pacing Clin Electrophysiol 2017;40:638–43. 

[28] Lin YS, Hung SP, Chen PR et al. Risk factors influencing complications of cardiac implantable electronic device 
implantation: infection, pneumothorax and heart perforation a nationwide population-based cohort 
study.Medicine 2014;93:e213 

[29] Tarakji  KG,  Wilkoff  BL.  Management  of  cardiac  implantable  electronic  device infections: the challenges of 
understanding the scope of the problem and its associated mortality. Expert Rev Cardiovasc Ther 2013;11:607–
16. 

[30] Pang BJ, Lui EH, Joshi SB, et al. Pacing and implantable cardioverter defibrillator lead perforation as assessed by 
multiplanar reformatted ECG-gated cardiac computed tomography and clinical correlates. Pacing Clin 
Electrophysiol. 2014 May;37(5):537-45. doi: 10.1111/pace.12307. PMID: 

[31] Rav Acha M, Rafael A, Keaney JJ, et al. The management of cardiac implantable electronic device lead perforations: 
a multicentre study. Europace. 2019 Jun 1;21(6):937-943. doi: 10.1093/europace/euz120. PMID: 
31157389.Yoncheva I, Biserov D, Negreva M. EARLY AND LATE VENOUS THROMBOSIS AFTER PACEMAKER 
IMPLANTATION. WORLD JOURNAL OF PHARMACEUTICAL AND MEDICAL RESEARCH 6 (2), 13-17 

[32] Biserov D, Yoncheva I, Negreva M. Changes in the levels of factor X (FXA) and factor XII (FXIIA) in patients after 
permanent pacemaker implantation. World Journal of Advanced Research and Reviews, 2023, 19(02), 854–860 

[33] Essebag V, Verma A, Healey JS et al. Clinically significant pocket hematoma increases long-term risk of device 
infection: BRUISE CONTROL INFECTION Study. J Am Coll Cardiol 2016;67:1300–8 

[34] Kotsakou M, Kioumis I, Lazaridis G, et al., Pacemaker insertion. Ann Transl Med. 2015 Mar;3(3):42. doi: 
10.3978/j.issn.2305-5839.2015.02.06. PMID: 25815303; PMCID:  

[35] Di Fusco SA, Palazzo S, Colivicchi F,  et al. World Society of Arrhythmias. The influence of  gender  on  heart  rhythm  
disease.  Pacing  Clin  Electrophysiol.  2014 ;37(5):650-7. 

[36] O'Neil A, Scovelle AJ, Milner AJ, et al. Gender/Sex as a Social Determinant of Cardiovascular Risk. Circulation 2018; 
20;137(8):854-64. 

[37] Udo EO, Zuithoff NP, van Hemel NM, et al. Incidence and predictors of short- and long-term complications in 
pacemaker therapy: the FOLLOWPACE study. Heart Rhythm. 2012 May;9(5):728-35. doi: 
10.1016/j.hrthm.2011.12.014. Epub 2011 Dec 17. PMID: 22182495. 

[38] Salahuddin M, Cader FA, Nasrin S, et al. The pacemaker-twiddler's syndrome: an infrequent cause of pacemaker 
failure. BMC Res Notes. 2016 Jan 20;9:32. doi: 10.1186/s13104-015-1818-0. PMID: 26790626; PMCID: 
PMC472101 

[39] Blomstrom-Lundqvist C, Traykov V, Erba PA et al., European Heart Rhythm Association (EHRA) international 
consensus document on how to prevent, diagnose, and treat cardiac implantable electronic device infections-
endorsed by the Heart Rhythm Society (HRS), the Asia Pacific Heart Rhythm Society (APHRS), the Latin American 
Heart Rhythm Society (LAHRS), International Society for Cardiovascular Infectious Diseases (ISCVID) and the 
European Society of Clinical Microbiology and Infectious Diseases (ESCMID) in collaboration with the European 
Association for Cardio-Thoracic Surgery (EACTS). Europace 2020;22:515-49. 

[40] Bachvarov G. Early postoperative complications in open heart surgery patients: A review. World Journal of 
Advanced Research and Reviews, 2024, 22(02), 956–961 

https://scholar.google.com/citations?view_op=view_citation&hl=bg&user=yIPXWcIAAAAJ&citation_for_view=yIPXWcIAAAAJ:SeFeTyx0c_EC
https://scholar.google.com/citations?view_op=view_citation&hl=bg&user=yIPXWcIAAAAJ&citation_for_view=yIPXWcIAAAAJ:SeFeTyx0c_EC

