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Abstract
As a stressor, cardiac surgery affects the physiology and psychology of patients, as well as their postoperative recovery. Patients tend to worry about cognitive deficiency, pain, discomfort, the risk of death, sleep, complications, and other factors, resulting in stress and anxiety. Moreover, serious adverse events, such as circulatory and respiratory dysfunction and infection, tend to occur after cardiac surgery and increase the economic burden on patients. Therefore, appropriate nursing interventions should be selected to strengthen patients’ cognitive levels, compliance, and postoperative practices to accelerate their recovery, reduce complications, and shorten hospital stays so as to contribute to patients’ lives and health.
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Core Tip: Surgery can extend the life of patients with heart diseases (such as congenital and coronary heart diseases) and improve their quality of life. However, it can trigger emotional, cognitive, and physiological responses in patients, leading to fear and anxiety regarding mortality and even depression. Through nursing interventions, we can strengthen patients' cognitive abilities, compliance, and postoperative recovery, thereby reducing complications, shortening hospital stays, and providing importance for patients' overall health and well-being.

INTRODUCTION
Cardiovascular disease (CVD) is the world’s deadliest disease. According to a report by the World Health Organization, more than 23 million people will die of CVD every year by 2030. This situation is not optimistic, and surgical treatment plays an important role in prolonging and improving the quality of life of patients with heart disease[1,2]. Cardiac surgery is often used to treat valvular heart disease, congenital heart disease, coronary heart disease, and other heart diseases. It is characterized by complicated steps, high risk, great difficulty, and a lengthy postoperative recovery period[3], all of which can cause emotional, cognitive, and physiological reactions. Patients undergoing surgery often experience anxiety and even depression from fears regarding permanent disability, loss of physical control, loss of the ability to work, pain, loss of sexual ability, the inability to awaken from anesthesia, and death[2,4-6]. One study reported that 34% of patients undergoing cardiac surgery experienced preoperative anxiety, 24.7% experienced postoperative anxiety, and 16.5% experienced both preoperative and postoperative anxiety[7]. 
Postoperative complications can easily occur, with an incidence rate ranging from 15% to 30%. Possible complications include the following: Stroke, renal failure, prolonged intubation time, sternal wound infection[8,9], and postoperative pulmonary infections (e.g., atelectasis, pleural effusion, pneumonia, pulmonary edema, cardiogenic pulmonary edema, acute respiratory distress syndrome, pulmonary embolism, phrenic nerve injury, pneumothorax, and mediastinitis)[10]. In view of the serious nature of cardiac surgery, the study objective was to summarize applicable preoperative, intraoperative, postoperative, and perioperative nursing intervention methods to provide a reference for clinical practice. The information conveyed is vitally important for improving the health and quality of life of patients (Figure 1).

PREOPERATIVE NURSING
Predictive nursing
Postoperative pneumonia is one of the most common complications after cardiac surgery and it can increase the morbidity, mortality, and health care burden of patients. Bardia et al[11] guided 1125 patients undergoing cardiac surgery to use a chlorhexidine mouthwash before surgery and found that the risk of postoperative pneumonia was reduced by approximately half[11].

Individualized education
Individualized care is defined as reducing patients’ anxiety according to their beliefs, values, emotions, thoughts, preferences, personal experiences, and opinions[12]. Ertürk and Ünlü[13] identified the source of anxiety in 300 patients undergoing cardiac surgery and provided preoperative individualized care for 30-90 min. They found that the main sources of preoperative anxiety were a lack of knowledge, distance from family, the risk of death, and pain. A total of 95.4% of patients were satisfied with the preoperative education, and they could quickly adapt to the intensive care unit (ICU) environment and perform guided breathing and coughing exercises following surgery. 

Inspiratory muscle training
In their study, Chen et al[14] selected 197 patients over age 50 who had undergone cardiac surgery and received five days of respiratory muscle training before surgery. The results of the training showed that the postoperative respiratory muscle strength of these patients was substantially enhanced, and the incidence of postoperative pulmonary complications and a lengthy hospital stay were reduced[14].

Orientation tour
For their study, Niknejad et al[15] selected 70 patients scheduled for coronary artery bypass grafting. They learned about the procedure one day before surgery and were shown around the hospital for 40 min by an anesthesia technician, a nurse, and a researcher. The tour included a 10-min visit to an unattended operating room during the night shift, a 5-min visit to an ICU, a 10-min visit to an operating room to familiarize themselves with personnel who could answer questions about surgery, and a 15-min conversation with inpatients. Findings showed that the anxiety levels of the patients decreased after the orientation tour.

INTRAOPERATIVE NURSING
Plan-Do-Check-Act cycle intervention
The operating room is the most important place for patients, as it is the location where they undergo surgery. Owing to the variability and high risk of the work in this environment, operating rooms have higher requirements for nursing quality[16]. Du et al[17] adopted the Plan-Do-Check-Act (PDCA) cycle management method to continuously improve the quality of cardiac surgery preparation time by identifying the causes of illness, developing countermeasures, eliminating hidden dangers, and optimizing workflow to ensure smooth Surgeries.

Holistic nursing
Khajian Gelogahi et al[18] selected 80 patients undergoing coronary artery bypass surgery and provided each one with four 30- to 45-min individual sessions of intentional nursing presence during surgery. The results showed that conscious nursing arrangements were an effective way to relieve depression, stress, and anxiety in patients undergoing surgery.

POSTOPERATIVE NURSING
Comfort nursing intervention
Complications after cardiac surgery, such as pain, mental distress, and hemodynamic instability, have multiple negative effects on children and surgical outcomes. Comfort theory is a comprehensive, descriptive nursing theory that can be used as a guide for patients requiring holistic care. Nurses implement three levels of comfort measures (relief, ease, and transcendence) from four dimensions: Body, psychology, social culture, and the environment. Khaleghi et al[19] selected 60 infants aged 28 d to 2 years and collected demographic details, information regarding comfort behavior, hemodynamic parameters, and other data, and carried out a comfort nursing intervention. This approach can significantly improve a patient’s postoperative pain, as well as respiration and heart rate.

Cold compress nursing
Chest tube placement is necessary in all types of cardiac surgery to maintain cardiopulmonary function and prevent pneumothorax, hemothorax, and pleural effusion. Generally, the tube should be removed within 24-48 h after cardiac surgery, but removal of the chest tube can cause patients to experience considerable pain. Mohammadi et al[20] used cold compresses to relieve the pain caused by chest tube removal after cardiac surgery and found that their use could significantly reduce the pain severity score. However, the effect was not significant 15 min after removal[20].

Slow deep breathing relaxation exercise
Jarrah et al[21] guided 25 patients undergoing coronary artery bypass transplantation to perform slow deep breathing relaxation exercises before chest tube extraction (after surgery) and found that their pain levels decreased significantly 5 and 15 min after extubation. Thus, slow deep breathing relaxation exercises can be used effectively to relieve pain during chest tube extubation and minimize related side effects and the need for analgesics.

Nursing interventions to prevent delirium in ICU
Postoperative delirium is a state of acute brain dysfunction following anesthesia and surgery[22]; it occurs in 25%-52% of patients undergoing cardiac surgery and is associated with increased mortality, a prolonged hospital stay, and long-term cognitive decline[23]. From a literature review, Pieri et al[24] concluded that the most commonly used strategies for preventing postoperative delirium are therapies involving dexmedetomidine, ketamine, antipsychotics, glucocorticoids, propofol, opioids, volatile anesthetics, local anesthetics, and remote ischemic preconditioning, among which dexmedetomidine is the most promising measure. The nUrsiNg DEliRium Preventive INterventions in the ICU (UNDERPIN-ICU) is a nurse-oriented intervention to prevent delirium developed for the main risk factors, such as visual and auditory disorders, sleep disorders, cognitive disorders, and activity disorders[25]. Song et al[26] established a delirium research group to develop UNDERPIN-ICU for cardiac surgery and trained nurses for two months to implement it with patients undergoing cardiac surgery. The results pointed to the effectiveness of this program in preventing or reducing the incidence of postoperative delirium following cardiac surgery and shortening the duration of mechanical ventilation and length of the ICU stay.

Pain nursing
Doğan and Saritaş[27] applied the new behavioral formation technique of neuro-linguistic programming (NLP) and the guided imagination relaxation technique using a 30-min audio CD for patients undergoing cardiac surgery. Consequently, the postoperative pain level of patients in the NLP group decreased significantly, and the comfort level of patients in the guided imagination group increased substantially. Luque Oliveros and Morilla Romero de la Osa[28] applied 0.5% bupivacaine to 69 patients in order to infiltrate their surgical wounds within 12 h after cardiac surgery, and the results showed that this practice could relieve pain considerably and effectively.

Nurse-led transitional care model
Coskun and Duygulu[29] adopted a nurse-led transitional care model to carry out a transitional nursing program nine weeks after 33 elderly patients were discharged following cardiac surgery. The authors found that the functional autonomous measurement system and quality of life scores of these patients improved significantly, and readmission and rehospitalization rates decreased substantially.

Early goal-directed therapy intervention
In Early goal-directed therapy (EGDT), a team of medical staff and rehabilitation technicians develops a humanized, feasible, and progressive rehabilitation plan for patients undergoing cardiac surgery. Lin et al[30] evaluated 60 cardiac surgery patients attended to by an EGDT team and formulated and implemented an accurate and effective personalized EGDT plan. They found that this method could shorten the indwelling time of endotracheal intubation and the length of stay in the ICU, reduce the occurrence of complications, and improve patient satisfaction[30].

Early rehabilitation nursing
Cardiac surgery is a risky and challenging procedure. The rapid recovery of motor function and mental health is challenging in the field of post-nursing care. Ge et al[31] searched cardiac surgery-related vocabulary through a database, extracted and summarized the evidence related to early postoperative rehabilitation exercise, and concluded that early cardiac rehabilitation should be implemented in a planned and procedural manner based on the concept of multidisciplinary team collaboration and nursing orientation. Further, psychological nursing and health education should be implemented throughout the entire rehabilitation training process[31]. Long et al[32] implemented rehabilitation process management for 127 patients who had undergone cardiac surgery. By establishing a rehabilitation nursing quality control group, they formulated and implemented a progressive graded activity process for patients in the early postoperative period and controlled for quality in the implementation process. The results showed that this method could improve the cognitive level of nurses’ early related knowledge, increase the efficiency of team cooperation, accelerate the recovery of patients, and shorten the length of the hospital stay.

PERIOPERATIVE NURSING INTERVENTION
Enhanced recovery surgical nursing
Enhanced recovery after surgery (ERAS) is a multimodel, interdisciplinary nursing improvement program designed to promote the recovery of patients undergoing surgery throughout the perioperative period[33]. Interventions cover the entire surgical process, including preoperative, intraoperative, and postoperative periods[34]. The idea is that patients perform better when emotional and physical stress is minimized during surgery. The goal is to return them to normal functioning as soon as possible[35]. Li et al[36] selected 104 patients undergoing cardiac valve surgery for ERAS protocol optimization nursing, and the results showed that this method could reduce ICU and hospital stays, postoperative complications, and costs for cardiac surgery patients.

Music intervention
Kakar et al[37] conducted a database search for a review and meta-analysis of music intervention during cardiac surgery and found that it significantly reduced postoperative anxiety and pain during surgery. Furthermore, no side effects were observed.

The zero-defect nursing model and psychological nursing
The zero-defect nursing theory is a personalized and creative holistic nursing model based on zero defects, with the goal of minimizing patients’ physical pain and psychological unhappiness. Nursing staff should receive professional training in zero-defect theoretical knowledge before carrying out nursing practices. Preoperative health education and psychological counseling for patients can improve their cognitive and psychological stress responses to surgery. Wang et al[38] adopted zero-defect and psychological nursing models to provide perioperative nursing care for 30 patients undergoing cardiac surgery and found that the operative time, intraoperative blood loss, and length of hospital stay decreased significantly. Moreover, the sleep quality and mental and psychological status of patients improved significantly, indicating clinical value.

CONCLUSION
Cardiac surgery is the most effective method for treating heart disease, especially valvular disease. However, patients’ conditions are complicated, the operations are difficult, and many urgent conditions arise during surgery. In recent years, with the development of science and technology, the mortality rate of patients after cardiac surgery has declined. However, the surgical procedure still has a negative impact on patients’ lives. Adverse effects include post-traumatic stress reactions, decreased postoperative activity, and a reduced quality of life. Most studies have focused on patients’ postoperative health status and functional symptoms. An increasing number of studies have found that the disease burden, functional status, and psychological feelings of patients throughout the perioperative period affect postoperative rehabilitation. Therefore, reasonable and feasible treatment and nursing modes should be formulated according to a patient’s status and psychological state to improve the treatment effect and promote recovery[39]. In summary (Table 1), effective nursing methods can be implemented before, during, and after surgery according to the individual situations of patients to accelerate their recovery, shorten the length of the hospital stay, reduce the economic burden and complications, and provide a reference for clinical practice.
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Figure 1 Nursing intervention methods in cardiac surgery. ICU: Intensive care unit; PDCA: Plan-Do-Check-Act.


Table 1 Approaches and outcomes of nursing for patients undergoing cardiac surgery
	Item
	Nursing approach
	Nursing measures
	Nursing outcomes

	Preoperative nursing
	Predictive nursing[11]
	Guiding the patient to use Betadine mouthwash before surgery
	Postoperative pneumonia risk reduced by approximately 50%

	
	Individualized education[12,13]
	Providing individualized preoperative care for 30-90 min based on the patient's sources of anxiety
	Patients quickly adapt to the ICU environment, with a satisfaction rate of 94% given for preoperative education

	
	Inspiratory muscle training[14]
	Instructing the patient to undergo respiratory muscle training for 5 d
	Marked improvement in postoperative respiratory muscle strength, reducing the incidence of complications and hospital stay

	
	Orientation tour[15]
	One day before surgery, healthcare personnel visit the patient to explain the surgical process (15 min) and accompany them to visit an unattended operating room at night (10 min), the ICU (5 min), an operating room (10 min)
	Decreased levels of anxiety

	Intraoperative nursing
	PDCA cycle intervention[16,17]
	Using the PDCA cycle management method, continuous quality improvement is implemented in the preparation phrase for cardiac surgery by the methods of identifying the causes, formulating countermeasures, eliminating potential risks, optimizing workflow, and so on
	Reduces the variability and risks of operating room work to ensure smooth surgical procedures

	
	Holistic care[18]
	Four 30- to 45-min sessions of nursing intentional presence were conducted for each patient individually in the intervention group
	Effectively reduce depression, stress, and anxiety in surgical patients

	Postoperative nursing
	Comfort nursing intervention[19]
	Collecting demographic details, comfort behaviors, hemodynamic parameters, and other data and implementing comfort care interventions
	Majorly improve indicators of postoperative pain, discomfort, respiration, and heart rate in pediatric patients

	
	Cold compress nursing[20]
	Using cold compresses to alleviate pain caused by chest tube removal after cardiac surgery
	Cold compress during chest tube removal significantly reduces the severity of pain scores, but the effect is not significant after 15 min of removal

	
	Slow, deep breathing relaxation exercises[21]
	Instructing 25 patients undergoing coronary artery bypass graft surgery to perform slow deep breathing relaxation exercises before chest tube removal
	Pain levels are significantly reduced at 5 min and 15 min after extubation

	
	Nursing interventions to prevent delirium in ICU[22-25]
	Nurse-led preventive nursing interventions targeting patients with visual and auditory impairments, sleep disorders, cognitive impairments, and mobility impairments, among other major risk factors for delirium
	Prevents postoperative delirium, reduces its incidence, and shortens mechanical ventilation time and ICU stay

	
	Pain nursing[27,28]
	Patients are provided with a 30-min continuous NLP technique and guided imagery relaxation technique using audio CDs to promote behavior formation. Additionally, 0.5% bupivacaine wound infiltration is administered within 12 h after surgery to alleviate pain
	Comfort levels markedly improve, reducing postoperative pain and enhancing patient comfort in patients undergoing cardiac surgery 

	
	Nurse-led transitional care model[29]
	Transitional care is provided for 9 wk after patient discharge, to facilitate their gradual adjustment, along with provision of necessary support
	The self-measurement system and quality of life scale scores both significantly improved, and readmission rates were significantly reduced

	
	EGDT
	An EGDT team is established to develop personalized, feasible, and progressive rehabilitation plans for patients
	EGDT can shorten the duration of endotracheal intubation and ICU stay for patients, reduce the occurrence of complications, and enhance patient satisfaction

	
	Early rehabilitation nursing[30]
	A rehabilitation nursing quality control group is created to develop and implement postoperative early progressive graded activity protocols and ensure quality control throughout the implementation process
	Early rehabilitation nursing has enhanced nurses' awareness of early interventions and improved team collaboration efficiency, which can accelerate patient recovery and shorten hospital stay

	Perioperative nursing intervention.
	Enhanced recovery surgical nursing[31,32]
	A multimodal and interdisciplinary approach is implemented to optimize nursing care throughout the entire surgical process, including preoperative, intraoperative, and postoperative phases
	Reduce ICU and hospital stay, postoperative complications, and costs for patients undergoing cardiac surgery

	
	Music intervention[37]
	Music interventions are utilized for patients during the surgical procedure
	Significantly reduce postoperative anxiety and pain in patients undergoing cardiac surgery without any side effects

	
	Zero-defect care model and psychological care[38]
	Nursing staff undergo specialized training on the theory of zero defects to enhance their professional competence. They also provide preoperative health education and psychological counseling for patients
	Significantly decrease surgical time, intraoperative bleeding, and hospital stay and improve sleep quality, mental well-being, and psychological condition


ICU: Intensive care unit; PDCA: Plan-Do-Check-Act; NLP: Neuro-linguistic programming; EGDT: Early goal-directed therapy.
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