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Abstract

Background: Congenital heart disease (CHD) encompasses diverse structural and functional cardiac anomalies that
significantly impact neonatal and pediatric morbidity and mortality.

Aim: To explore advanced perioperative nursing care and multidisciplinary coordination in managing CHD patients undergoing
surgical interventions.

Methods: A comprehensive review of perioperative strategies, including preoperative evaluation, intraoperative monitoring,
and postoperative management, was conducted, emphasizing individualized care and team collaboration.

Results: Advances in diagnostic imaging, cardiopulmonary bypass, and minimally invasive techniques have improved surgical
outcomes. However, success relies on tailored perioperative planning, vigilant monitoring, and effective interdisciplinary
communication. Key challenges include hemodynamic instability, airway management, and postoperative complications such
as arrhythmias and pulmonary issues.

Conclusion: Optimal outcomes in CHD surgery require meticulous nursing care, adaptive strategies, and coordinated teamwork
to ensure safety and enhance survival.
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Introduction

Congenital heart disease represents a
heterogeneous group of structural and functional
abnormalities affecting the heart and great vessels that
arise during fetal development. These conditions vary
widely in anatomical complexity, physiological
impact, and clinical presentation, ranging from mild
defects with minimal functional consequences to
severe malformations that threaten survival early in
life. Although congenital heart disease is generally
considered uncommon, its clinical and public health
significance is substantial. Epidemiological data
indicate that approximately 1 percent of live births in
the United States are affected annually. Despite
advances in diagnosis and treatment, congenital heart
disease remained a leading cause of mortality during
early life between 1999 and 2006, accounting for

27,960 deaths, with nearly half occurring in infants.
This high mortality burden reflects the vulnerability of
this population, particularly in the context of complex
surgical interventions and prolonged admissions to
intensive care units, where physiological instability
and postoperative complications are common [1].
Accurately determining the true incidence of
congenital heart disease remains challenging. A
proportion of affected fetuses do not survive to term
due to defects that are incompatible with life, resulting
in fetal loss that is often underreported. In addition,
certain cardiac anomalies, such as bicuspid aortic
valve or patent ductus arteriosus, may remain
clinically silent during infancy and early childhood,
delaying diagnosis until later stages of life. These
factors contribute to underestimation of prevalence
and complicate  population-level  surveillance.
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Furthermore, the distribution and pattern of congenital
heart disease vary across populations, influenced by
genetic, environmental, and perinatal factors.
Evidence demonstrates a higher prevalence of
congenital anomalies, including cardiac defects,
among preterm infants and those who are small for
gestational age when compared with full-term
neonates, underscoring the interaction between fetal
growth, developmental vulnerability, and cardiac
morphogenesis [2].

The perioperative management of children
with congenital heart disease poses distinctive clinical
challenges for healthcare professionals involved in
surgical care. The presence of altered cardiovascular
physiology limited physiological reserve, and the
frequent coexistence of pulmonary, neurological, or
metabolic comorbidities demands a high level of
expertise and coordination. Over recent decades,
significant progress has been achieved in diagnostic
imaging, perioperative monitoring technologies,
cardiopulmonary bypass systems, and cardiac
catheterization techniques. These advances have
expanded surgical eligibility to increasingly complex
and critically ill pediatric patients. In parallel, the
development of minimally invasive and hybrid
procedures has reduced surgical trauma and improved
recovery profiles for selected children with congenital
cardiac lesions [3]. Despite these technological and
procedural improvements, successful perioperative
care depends heavily on individualized clinical
planning. Each child with congenital heart disease
presents a unique combination of anatomical features,
hemodynamic consequences, and developmental
considerations. As a result, standardized or rigid
approaches are insufficient and may compromise
patient safety. Instead, perioperative strategies must be
tailored to the specific pathophysiology of the defect,
the planned surgical intervention, and the child’s
overall clinical condition. This individualized
approach requires adaptability, critical thinking, and
continuous reassessment throughout the perioperative
period, particularly during periods of physiological
stress such as induction of anesthesia,
cardiopulmonary  bypass, and  postoperative
stabilization.
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Fig. 1: Fetal blood circulation.

Equally important is the role of
interdisciplinary collaboration in optimizing outcomes
for  this  wvulnerable  population.  Effective
communication and coordinated teamwork among
nurses, anesthesiologists, surgeons, perfusionists, and
intensive care specialists are fundamental to the
success of pediatric cardiac surgical programs. Early
identification and timely surgical correction of
congenital heart defects, when feasible, can prevent
progression to congestive heart failure, irreversible
pulmonary vascular disease, and other long-term
complications. In cases where conventional surgical
repair is unsuccessful or contraindicated, cardiac
transplantation may represent a viable therapeutic
option for selected patients [4]. Regardless of the
chosen intervention, meticulous perioperative
planning, vigilant monitoring, and individualized
nursing and medical care remain essential to achieving
favorable outcomes and improving survival and
quality of life for children living with congenital heart
disease [1][2][3][4].

Function

Congenital heart defects alter normal cardiac
function by disrupting the structural integrity and
coordinated performance of the heart chambers,
valves, and major vessels. Abnormal development of
cardiac architecture interferes with the normal
separation of the cardiac segments, impairs venous
and arterial blood flow, and compromises the
functional competence of the valvular apparatus [5].
These structural disturbances result in altered
hemodynamics that place an increased workload on
the myocardium and reduce the efficiency of systemic
and pulmonary circulation. The physiological
consequences depend on the type, size, and location of
the defect, as well as the degree to which normal blood
flow patterns are disturbed. From a functional
perspective, the American Heart Association
categorizes congenital cardiac defects into three broad
groups: septal defects, obstructive lesions, and
cyanotic malformations. Septal defects involve
abnormal communications between the right and left
sides of the heart. Under normal postnatal conditions,
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the septum provides complete separation between
systemic and pulmonary circulations. Persistence of an
opening after birth leads to pathological shunting of
blood. Common examples include patent foramen
ovale, atrial septal defect, ventricular septal defect,
and complete atrioventricular septal defect. These
conditions often result in left-to-right shunting,
increased pulmonary blood flow, and progressive
volume overload of the affected cardiac chambers.
Over time, untreated septal defects may lead to
pulmonary hypertension, ventricular dysfunction, and
heart failure. Obstructive congenital heart anomalies
primarily affect forward blood flow by narrowing or
blocking outflow tracts. Conditions such as aortic
stenosis, pulmonary stenosis, and coarctation of the
aorta impose resistance to ventricular ejection. This
resistance increases intracardiac pressures and leads to
compensatory myocardial hypertrophy. Although
cardiac output may initially be preserved, prolonged
obstruction compromises ventricular performance and
systemic perfusion. The severity of functional
impairment depends on the degree of obstruction and
the ability of the heart to compensate during growth
and development [4][5].

Cyanotic congenital heart defects are
characterized by inadequate oxygenation of arterial
blood, resulting in clinically evident cyanosis. These
conditions typically involve right-to-left shunting or
parallel circulation that prevents effective pulmonary
oxygen exchange. Disorders such as tetralogy of
Fallot, transposition of the great arteries, tricuspid
atresia, pulmonary atresia, truncus arteriosus, total
anomalous pulmonary venous connection, and
hypoplastic left heart syndrome represent some of the
most physiologically complex congenital anomalies
[6]. In these defects, systemic circulation receives
partially or completely deoxygenated blood, leading to
chronic hypoxemia. The functional consequences
include impaired tissue oxygen delivery, metabolic
acidosis, growth failure, and increased risk of
neurological and  multisystem  complications.
Functionally, cyanotic and non-cyanotic defects differ
not only in oxygenation status but also in their long-
term impact on cardiac performance and systemic
health. Non-cyanotic lesions often present with signs
of volume or pressure overload, whereas cyanotic
lesions present with hypoxia-driven compensatory
mechanisms such as polycythemia. Understanding
these functional distinctions is essential for clinical
assessment, perioperative planning, and long-term
management, as the physiological burden imposed by
each defect directly influences therapeutic strategies
and patient outcomes [6].

Issues of Concern
Physiology of Fetal Circulation

A detailed understanding of the physiological
differences between fetal and postnatal circulation is
essential for interpreting the clinical behavior of
congenital heart disease and for planning safe
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anesthetic and perioperative management. Fetal
circulation is uniquely designed to support intrauterine
growth and development in an environment where the
lungs are nonfunctional, and oxygen exchange occurs
through the placenta. This system allows adequate
oxygen delivery to vital organs despite the absence of
pulmonary respiration and remains effective even in
the presence of significant structural cardiac
abnormalities. The fetal cardiovascular system
operates as a parallel circuit, in contrast to the series
circulation observed after birth, and this distinction
has major implications for the pathophysiology of
congenital heart disease. In fetal life, specialized
vascular channels divert blood away from the lungs
and partially bypass the liver, optimizing delivery of
oxygen to the brain and myocardium. Three essential
shunts enable this process: the ductus venosus, the
foramen ovale, and the ductus arteriosus. Oxygenated
blood from the placenta enters the fetus through the
umbilical vein with a partial pressure of oxygen of
approximately 33 mmHg. Upon reaching the liver,
nearly half of this blood bypasses hepatic circulation
through the ductus venosus and flows directly into the
inferior vena cava. This preferential streaming ensures
that relatively well-oxygenated blood reaches the heart
and upper body structures. Within the right atrium,
blood flow is strategically directed. Approximately
one-third of the blood entering the right atrium from
the inferior vena cava crosses the foramen ovale into
the left atrium, from where it enters the left ventricle
and is pumped into the ascending aorta. This pathway
supplies the coronary arteries, brain, and upper
extremities with blood that has the highest available
oxygen content. In contrast, blood returning from the
superior vena cava is poorly oxygenated and
predominantly enters the right ventricle. Only a small
fraction, estimated at 2 to 3 percent, crosses the
foramen ovale. The right ventricle ejects blood into the
pulmonary artery, but due to the high pulmonary
vascular resistance present in utero, most of this blood
bypasses the lungs through the ductus arteriosus and
enters the descending aorta [6].

This  anatomical and  physiological
arrangement results in differential oxygen delivery,
with the upper body receiving relatively oxygen-rich
blood and the lower body being perfused with blood
of lower oxygen content. Such selective distribution is
critical for protecting organs with high metabolic
demands during fetal development. In this context,
pulmonary and systemic circulations function parallel,
allowing both ventricles to contribute to systemic
output. This is fundamentally different from postnatal
circulation, where pulmonary and systemic circuits
operate in series, and the entire cardiac output must
pass sequentially through the lungs and then the
systemic circulation [7]. At birth, the cardiovascular
system undergoes a rapid and complex transition that
enables survival outside the uterine environment. This
transition is driven by the initiation of breathing,
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clamping of the umbilical cord, and dramatic changes
in vascular resistance. Although this process is
essential, it is also inherently unstable and represents a
critical period of vulnerability. The duration of
transitional circulation varies widely, lasting from a
few hours to several weeks, depending on
physiological maturity and environmental stresses.
Factors such as prematurity, hypoxia, hypothermia,
hypercarbia, metabolic acidosis, sepsis, and
underlying congenital heart defects can delay or
disrupt this transition, prolonging fetal circulatory
patterns [7]. One of the most significant changes after
birth is the functional closure of the ductus arteriosus.
This vessel typically constricts within hours in
response to increased oxygen tension and reduced
circulating  prostaglandins,  although  complete
anatomical closure may take several weeks. In infants
with certain forms of cyanotic congenital heart
disease, ductal patency becomes essential for survival,
as it may provide the only source of pulmonary or
systemic blood flow until definitive or palliative
surgical intervention is performed. Pharmacologic
maintenance of ductal patency is therefore a critical
component of early management in these cases [7].
The foramen ovale also undergoes functional
closure shortly after birth as left atrial pressure rises
above right atrial pressure due to increased pulmonary
venous return. While functional closure usually occurs
within the first few breaths, anatomical fusion of the
septa may take months to complete. Notably, probe
patency of the foramen ovale persists in approximately
30 percent of adults, highlighting the incomplete
nature of anatomical closure in a substantial portion of
the population [9]. The umbilical arteries and vein
close immediately after birth, followed by closure of
the ductus venosus, further reinforcing separation of
fetal and postnatal circulatory pathways. Pulmonary
vascular resistance plays a central role during this
transitional phase. In utero, pulmonary resistance is
high, but it falls rapidly after birth as the lungs expand
and oxygenation improves. Within the first 24 hours,
pulmonary vascular resistance decreases below
systemic levels and continues to decline over the
following weeks, with further gradual reduction over
the next two to three years. During this period, the
pulmonary vasculature remains highly reactive.
Hypoxemia, acidosis, bronchospasm, or inadequate
ventilation can trigger pulmonary vasoconstriction,
leading to elevated pulmonary artery pressures. Such
changes may promote right-to-left shunting across the
foramen ovale or ductus arteriosus, reestablishing fetal
circulatory patterns and compromising systemic
oxygen delivery [7]. Understanding the physiology of
fetal and transitional circulation is therefore
fundamental to recognizing the clinical manifestations
of congenital heart disease and anticipating
hemodynamic instability. This knowledge is
especially critical in perioperative and anesthetic
settings, where alterations in oxygenation, ventilation,
and vascular tone can profoundly influence shunt
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dynamics and cardiac output in neonates and infants
with congenital cardiac anomalies [7][8][9].
Preoperative Evaluation

Preoperative  evaluation  of  patients
undergoing surgical repair of congenital heart disease
is a critical process that requires careful integration of
clinical, physiological, and diagnostic information.
The population presenting for surgery spans a wide
age range, most commonly including neonates,
infants, and children, and represents a highly
heterogeneous group. Variations in cardiac anatomy,
hemodynamic  physiology, body size, and
developmental maturity necessitate an individualized
approach to assessment. A thorough preoperative
evaluation allows accurate risk stratification,
optimization of the patient’s condition before surgery,
and formulation of an appropriate perioperative
management plan. Clinical history forms the
foundation of preoperative assessment and provides
essential insight into disease severity and functional
status. Symptoms such as palpitations, syncope,
feeding intolerance, or poor weight gain may indicate
significant hemodynamic compromise or arrhythmias.
A detailed review of signs and symptoms suggestive
of congestive cardiac failure, including tachypnea,
diaphoresis, fatigue, or recurrent respiratory
infections, is essential. The presence of associated
congenital abnormalities involving the airway,
genitourinary system, musculoskeletal structures, or
genetic syndromes must be identified, as these
conditions may influence anesthetic management and
surgical planning. Documentation of recent hospital
admissions, current medications such as diuretics,
inotropes, or anticoagulants, and prior surgical or
interventional procedures provides important context
for perioperative decision-making. The most recent
cardiology follow-up should be reviewed to confirm
current cardiac status and progression of disease. A
comprehensive physical examination complements
the clinical history and helps define the physiological
impact of the cardiac lesion. Cardiac auscultation may
reveal murmurs, thrills, bruits, or irregular rhythms
that suggest valvular pathology, septal defects, or
arrhythmias. Respiratory assessment focuses on
identifying tachypnea, rales, or increased breathing
work, which may reflect pulmonary congestion or
elevated pulmonary blood flow. Evaluation of
peripheral perfusion is particularly important and
includes assessment of pulse quality, capillary refill
time, and the presence of bounding or diminished
pulses. Findings such as cold extremities, excessive
sweating, skin mottling, hepatomegaly, splenomegaly,
or dependent edema are indicative of compromised
cardiac output and systemic venous congestion [9].

Laboratory investigations provide objective
data that support clinical findings and guide
perioperative management. A complete blood count is
essential to identify erythrocytosis in cyanotic heart
disease or anemia that may impair oxygen delivery.
Serum electrolyte analysis detects abnormalities such
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as hypokalemia or hyponatremia, which are common
in patients receiving diuretics and may increase
perioperative risk. Assessment of coagulation
parameters is particularly important in children with
liver dysfunction, chronic hypoxemia, or those
receiving anticoagulant therapy. Imaging and
additional diagnostic studies play a central role in
defining cardiac structure and function. Chest
radiography ~may demonstrate  cardiomegaly,
pulmonary edema, or parenchymal infiltrates.
Electrocardiography provides information regarding
cardiac rhythm and evidence of atrial or ventricular
hypertrophy.  Echocardiography  remains  the
cornerstone of preoperative cardiac evaluation,
offering detailed assessment of anatomy, ventricular
function, valvular competence, and intracardiac
shunts. In selected patients, advanced studies such as
cardiac catheterization are required to evaluate
pressure gradients, oxygen saturations, shunt
magnitude, and vascular resistances. Cardiac magnetic
resonance imaging may be used to further delineate
anatomy, quantify ventricular function, and assess
pulmonary blood flow. Preoperative preparation
focuses on maintaining physiological stability while
minimizing perioperative risk. Fasting guidelines are
applied according to established recommendations,
with specific intervals for clear liquids, breast milk,
formula, and solid foods in neonates, infants, and
children. Intravenous maintenance fluids are initiated
when appropriate to prevent dehydration and
electrolyte imbalance. Premedication is considered on
an individual basis, balancing anxiolysis and comfort
against the risk of respiratory depression or
hemodynamic instability. Through meticulous
evaluation and preparation, the perioperative team can
optimize outcomes for children undergoing surgery
for congenital heart disease [9].
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Fig. 2: Effects of congenital heart disorders.

Clinical History

Pediatric patients constitute the majority of
individuals presenting for the correction of congenital
heart defects, and their evaluation requires an age-
specific and developmentally appropriate approach.
Pediatric age groups are conventionally classified as
neonates from birth to 28 days, infants from one month
to one year, toddlers from one to four years, and
children from four to thirteen years [7]. Each group
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demonstrates distinct physiological characteristics,
compensatory mechanisms, and vulnerability to
hemodynamic stress, which must be considered during
preoperative assessment. A detailed and structured
clinical history is therefore essential to establish
baseline function, identify risk factors, and anticipate
perioperative challenges. All pediatric patients
scheduled for congenital cardiac surgery undergo a
comprehensive preoperative assessment. This process
includes a detailed review of current medications,
known drug or food allergies, and previous hospital
admissions, particularly those related to pulmonary
infections or cardiac decompensation. Documentation
of prior surgical procedures and anesthetic exposure is
crucial, as it may reveal a history of difficult airway
management, adverse anesthetic reactions, or
complications related to cardiopulmonary bypass.
Evaluation of cardiac functional reserve relies heavily
on age-appropriate activity assessment. In infants and
young children, feeding tolerance, weight gain, and
activity during play provide indirect but reliable
indicators of cardiac performance. Parental
observations are of particular clinical value, as
caregivers often recognize subtle changes such as
worsening fatigue, poor feeding, excessive sweating,
rapid breathing, inability to keep pace with siblings, or
failure to thrive. These findings frequently reflect
progressive cardiac failure and reduced physiological
reserve [7].
Physical Examination

A thorough physical examination is
indispensable for correlating historical findings with
objective clinical signs and for identifying factors that
may delay or contraindicate surgery. Assessment
begins with measurement of age-appropriate vital
signs and comparison of weight, height, and head
circumference with standardized growth charts.
Deviations from expected growth patterns may
indicate chronic hypoxemia or prolonged heart failure.
Key elements of the physical examination include
evaluation for central or peripheral cyanosis, digital
clubbing, signs of congestive cardiac failure, and
assessment of potential monitoring and vascular
access sites. Careful inspection of peripheral pulses
and perfusion provides insight into cardiac output and
systemic circulation. Approximately 8 percent of
children with congenital heart disease have associated
congenital anomalies, making a systematic
examination of other organ systems essential [10].
Airway abnormalities are particularly relevant,
especially in premature infants and children weighing
less than 10 kilograms, as they may complicate airway
management during anesthesia. Certain genetic
syndromes have a strong association with congenital
cardiac defects. For example, Trisomy 21 is associated
with a 50 percent incidence of congenital heart
disease, emphasizing the importance of physical
examination in identifying syndromic features and
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anticipating  both  cardiac and  non-cardiac
complications [11].
Laboratory Data

Laboratory investigations must be interpreted
in close correlation with clinical findings. Children
with congestive cardiac failure may present with iron
deficiency anemia, which can further impair oxygen
delivery. In contrast, cyanotic patients often exhibit
erythrocytosis as a compensatory response to chronic
hypoxemia, resulting in elevated hematocrit levels.
Excessive erythrocytosis increases blood viscosity and
may predispose to neurological complications,
necessitating preoperative interventions such as
exchange transfusion. Coagulation abnormalities,
including prolonged prothrombin time and partial
thromboplastin time, are also commonly observed in
cyanotic heart disease and require careful evaluation.
Close coordination between the anesthesiologist and
surgeon is essential to ensure availability of blood and
blood products, particularly in re-operative cases or
procedures involving extensive dissection. Renal
function assessment is a critical component of
preoperative evaluation, as children with congenital
heart disease are at increased risk of acute kidney
injury during the perioperative period. Baseline serum
creatinine and estimated glomerular filtration rate
provide reference values for postoperative monitoring.
Renal ultrasonography assists in excluding congenital
anatomical abnormalities and supports early planning
for renal replacement therapy if postoperative dialysis
becomes necessary [12].

A chest radiograph remains a valuable
screening tool, offering both anatomical and
functional information. A systematic approach to
interpretation includes assessment of imaging
technique, cardiac position and situs, chamber size,
pericardial contours, great vessel anatomy, and
pulmonary vascularity. Although chest radiography
demonstrates reproducibility in identifying abnormal
pulmonary vascular patterns, its sensitivity for
detecting pulmonary vascular disease ranges from 24
to 68 percent, limiting its diagnostic accuracy when
used in isolation [13]. Electrocardiographic evaluation
using a standard 12-lead ECG is fundamental for
identifying arrhythmias, confirming sinus rhythm, and
detecting evidence of chamber hypertrophy. More
advanced diagnostic modalities are often required for
comprehensive assessment. Cardiac catheterization
and echocardiography provide essential data for
understanding pathophysiology and guiding both
surgical and anesthetic planning [14][15]. Cardiac
catheterization yields detailed anatomical information,
oxygen saturation measurements for calculating
pulmonary-to-systemic flow ratios, pressure data for
assessing gradients and shunts, and angiographic
visualization of ventricular function and great vessel
flow. It also allows evaluation of prior surgical
interventions and assessment of reversible pulmonary
hypertension [16]. Echocardiography serves as a
cornerstone non-invasive modality in pediatric
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congenital heart disease. It defines both structural and
functional characteristics, including cardiac position,
atrial situs, atrioventricular and ventriculoarterial
connections, and the spatial relationships of the great
arteries [17]. Increasingly, cardiac magnetic resonance
imaging complements these assessments by
quantifying ventricular volumes, valve regurgitation,
and blood flow while providing superior visualization
of extracardiac vascular anatomy and postoperative
scar tissue [18][19].

Preoperative Preparation

Preoperative  preparation  for  patients
undergoing surgery for congenital heart disease
follows many of the same principles applied in adult
practice; however, the complexity of pediatric
physiology and the variability of cardiac pathology
require a higher level of precision and anticipation.
Meticulous preparation is essential to maintain
hemodynamic stability, ensure patient safety, and
support optimal surgical and anesthetic outcomes.
Particular attention must be given to equipment
readiness, medication preparation, fluid management,
and psychological support, as these patients often
present with limited physiological reserve. Complete
and age-appropriate anesthesia equipment must be
available before patient arrival in the operating room.
This includes airway devices in multiple sizes, such as
face masks, endotracheal tubes, laryngoscope blades,
and supraglottic airway devices, to accommodate
variations in patient size and anatomy. Emergency
medications should be prepared in advance, with
dosages calculated according to the patient’s weight to
prevent dosing errors during critical events. For
critically ill children, anesthetist technicians or nurses
often prepare selected infusions, such as inotropes or
vasodilators, prior to induction to allow rapid initiation
if hemodynamic compromise occurs. The use of
appropriately sized intravenous catheters is essential,
and air-trap filters are recommended to minimize the
risk of air embolism, particularly in patients with
intracardiac shunts. Fluid management and fasting
protocols represent a critical component of
preoperative  preparation. Routine preoperative
intravenous fluids and nil-per-os instructions are
guided by age-specific requirements. The widely
accepted 2,4,6,8 rule is applied to neonates, infants,
and children with congenital heart disease, allowing
clear liquids for up to two hours, breast milk up to four
hours, formula milk up to six hours, and solid food up
to eight hours before anesthesia [20]. Strict adherence
to these guidelines reduces the risk of aspiration while
minimizing unnecessary fasting that may predispose
dehydration and hemodynamic instability.

Avoidance of dehydration is particularly
important in children with congenital heart defects.
Reduced intravascular volume can adversely affect
cardiac output and exacerbate blood viscosity in
patients with erythrocytosis. Neonates and infants
require careful glucose supplementation to prevent
hypoglycemia, which may negatively influence
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neurological outcomes, especially during periods of
deep hypothermic circulatory arrest. Perioperative
glucose is commonly administered as part of
maintenance fluid therapy, with 10 percent dextrose
given at a rate of approximately 2 mL/kg/hour [21]. At
the same time, close monitoring of blood glucose
levels is essential, as patients receiving total parenteral
nutrition or intralipid therapy are at increased risk of
hyperglycemia.  Psychological preparation and
anxiolysis are also important aspects of preoperative
care. Children with congenital heart disease often
experience significant psychosocial stress due to
repeated  hospitalizations, multiple  surgical
procedures, and prolonged exposure to critical care
environments. Premedication before induction of
anesthesia can reduce anxiety, facilitate separation
from parents, and allow smoother placement of
intravenous access. In older children and adults
without prior cardiac surgery, benzodiazepines such as
midazolam may be effective when administered at
appropriate doses [22]. However, patients with
previous surgical experiences may exhibit heightened
anxiety or inadequate response to benzodiazepines
alone. In such cases, adjunctive agents such as oral or
intranasal ketamine or intranasal dexmedetomidine are
frequently employed to enhance sedation and
anxiolysis while preserving spontaneous ventilation
[23][24]. Premedication regimens must be carefully
individualized to balance therapeutic benefit against
the risk of adverse effects, including respiratory
depression and hemodynamic instability.
Administration and assessment of premedication
should occur under the direct supervision of an
anesthesiologist to ensure patient safety. Medication
management on the day of surgery requires careful
consideration. Many patients with congenital heart
disease receive chronic therapy with diuretics,
digoxin, or angiotensin-converting enzyme inhibitors.
These medications are commonly withheld on the day
of surgery to prevent exaggerated hemodynamic
responses when combined with anesthetic agents. In
contrast, essential infusions such as prostaglandins and
inotropes are continued intraoperatively to maintain
ductal patency and cardiac output. Through
comprehensive and individualized preoperative
preparation, the perioperative team can reduce
complications and improve outcomes for patients
undergoing surgery for congenital heart disease
[21]]22][23].

Intraoperative Monitoring:

Intraoperative monitoring is a cornerstone of
anesthetic management in pediatric patients with
congenital heart disease, yet the application of
multiple monitors can complicate induction,
particularly in minimally sedated neonates and infants.
Monitoring is typically divided into pre- and post-
induction phases. Pre-induction evaluation includes
non-invasive measurements such as automated blood
pressure, electrocardiography, pulse oximetry, and
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end-tidal carbon dioxide assessment. Following
induction, invasive monitoring is established, most
commonly through arterial catheterization of the radial
or femoral arteries. In neonates, umbilical arterial
access may be used temporarily before transitioning to
peripheral arterial lines. Continuous invasive blood
pressure monitoring, often at both upper and lower
extremities, is essential for detecting residual aortic
obstruction, including  coarctation or arch
abnormalities. Prior surgical interventions, such as
Blalock-Taussig shunts or subclavian artery repairs,
may alter local perfusion, requiring careful
consideration for ipsilateral arterial monitoring.
Central venous access is essential for nearly all
pediatric cardiac procedures [25]. This access allows
measurement  of  central  venous  pressure,
administration of vasoactive medications and
inotropes, delivery of blood products, and assessment
of mixed venous oxygen saturation to estimate cardiac
output and pulmonary-to-systemic flow ratios during
cardiopulmonary bypass. Pulmonary artery catheters
may occasionally be required for postoperative
monitoring but are rarely indicated preoperatively.
Temperature monitoring is conducted using rectal,
esophageal, or nasopharyngeal probes, particularly
during bypass, to guide thermal management [26].
Advanced monitoring modalities, including near-
infrared spectroscopy, transcranial Doppler, and
intraoperative  transesophageal echocardiography
(TEE), provide additional safety and functional
assessment.  Near-infrared  spectroscopy  offers
continuous cerebral and somatic oxygenation
monitoring [27], while transcranial Doppler facilitates
assessment of cerebral blood flow and detection of
microembolic events, refining post-bypass de-airing
strategies [28]. TEE has transformed intraoperative
decision-making by enabling real-time assessment of
complex valvular repairs, left ventricular outflow
reconstructions, and residual septal defects [29].
Airway management is fundamental in
patients with congenital heart disease due to the impact
of ventilatory parameters, oxygenation, and carbon
dioxide tension on pulmonary vascular resistance.
Poor lung compliance and high airway pressures are
common in patients with pulmonary edema [30]. Mask
ventilation must be performed cautiously to avoid
gastric insufflation, often assisted by an oral airway to
maintain patency. Nasal intubation is frequently
preferred in children under three years to stabilize the
airway and accommodate TEE, but caution is
necessary in patients with elevated venous pressures,
such as those with Glenn or Fontan physiology.
Preoxygenation remains a priority even in patients
receiving supplemental oxygen to maintain adequate
vascular resistance and tissue oxygenation. Anesthetic
induction is tailored to patient-specific factors
including age, cardiac function, cyanosis, and
emotional state. Intravenous induction is preferred in
patients with severe ventricular dysfunction, often
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employing opioids and muscle relaxants or etomidate.
Ketamine is favored for maintaining systemic vascular
resistance and minimizing pulmonary hypertension
[32]. Volatile anesthetics such as sevoflurane are
suitable for mask induction in patients with less severe
compromise, whereas agents like thiopental and
propofol are reserved for stable shunt lesions due to
myocardial ~ depression [33]. Maintenance of
anesthesia combines opioid infusions with volatile
agents, with careful titration during cardiopulmonary
bypass to avoid hemodynamic instability.
Cardiopulmonary bypass provides cardiac isolation
and optimal surgical exposure while ensuring systemic
perfusion, oxygenation, and carbon dioxide clearance
[34]. Implementation of safety protocols and
checklists is critical for preventing complications.
Postoperative  management  requires  infection
prophylaxis due to immunosuppression from bypass,
commonly using first- or second-generation
cephalosporins  for 24 to 72 hours [35][36].
Multidisciplinary care is essential postoperatively,
including continuous monitoring of cardiac and end-
organ function, early recognition of hemodynamic
deviations, and prompt intervention to optimize
recovery and surgical outcomes.
Postoperative Problems and Their Causes
Postoperative ~ complications  following
congenital heart surgery are common and
multifactorial, necessitating careful monitoring and
prompt intervention. Hemodynamic instability
represents a frequent concern. Hypertension may arise
from anxiety, pain, hypervolemia, abrupt
discontinuation of medications such as beta-blockers
or ACE inhibitors, repair of aortic coarctation,
seizures, or hypoglycemia. Conversely, hypotension is
often associated with hypovolemia, low cardiac output
due to myocardial dysfunction, pericardial effusion,
arrhythmias, excessive blood loss, vasodilator therapy,
diuresis, pneumothorax, sepsis, or shock. Central
venous pressure (CVP) abnormalities provide
additional insight into cardiac function. Elevated CVP
may reflect inadequate sedation, right ventricular
dysfunction, tamponade, or pulmonary complications,
whereas low CVP generally indicates hypovolemia
from fluid deficits, hemorrhage, or excessive drainage.
Arterial oxygen saturation must also be interpreted
within the context of the specific cardiac lesion. In
univentricular hearts, saturation above 85% can
signify an imbalance between pulmonary and systemic
perfusion, while reductions may indicate basal
atelectasis, hypoventilation, tube  obstruction,
pneumothorax,  pleural  effusion,  pneumonia,
pulmonary edema, hemorrhage, secretions, or right-to-
left shunts. Tachyarrhythmias, including sinus or
supraventricular tachycardia, and bradyarrhythmias
such as atrioventricular block, frequently complicate
the postoperative course. Elevated lactate levels may
indicate systemic hypoperfusion, seizures, or
mesenteric ischemia, highlighting the need for vigilant
metabolic monitoring. Specific cardiac lesions carry
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unique  postoperative  risks and  anesthetic
considerations. Patent ductus arteriosus (PDA)
typically requires conservative management initially,
including fluid restriction and positive end-expiratory
pressure, with indomethacin employed
pharmacologically if necessary [37]. Surgical closure
may be performed via thoracotomy or video-assisted
thoracoscopic surgery, or percutaneous device closure
under general anesthesia. Unrepaired PDA can result
in  pulmonary hypertension and  ventricular
dysfunction [38]. Atrial septal defects (ASD),
particularly complete atrioventricular septal defects,
result in substantial left-to-right shunting and potential
heart failure as pulmonary vascular resistance falls
[39]. Corrective surgery is typically performed
between four and six months of age, with anesthetic
management focusing on maintaining heart rate,
contractility, preload, and a balanced pulmonary-to-
systemic vascular resistance ratio.

Ventricular septal defects (VSD) are the most
prevalent  congenital heart defect, varying
anatomically by location and size, which dictates the
magnitude of shunting and timing of intervention
[40][41]. Truncus arteriosus presents with early heart
failure due to excessive pulmonary blood flow,
requiring careful restriction of oxygen therapy and use
of inotropes and afterload reducers [42][43]. Total
anomalous pulmonary venous return constitutes a
surgical emergency, often necessitating interventional
stabilization prior to definitive repair [44][45]. Left
ventricular outflow tract obstruction, coarctation of the
aorta, Tetralogy of Fallot, transposition of the great
arteries, tricuspid atresia, and Ebstein anomaly each
require lesion-specific management strategies,
including maintenance of ductal patency, careful
ventilatory control, targeted inotropic support, and
hemodynamic optimization [46-60]. Adults with
congenital heart disease who have survived to
adulthood pose additional challenges, particularly
when presenting for noncardiac surgery. These
patients may exhibit residual lesions, complex
physiology, or prior palliative repairs, necessitating
individualized anesthetic planning, often in adult
congenital heart centers [61-66]. Anesthetic goals
include optimizing systemic and pulmonary blood
flow, maintaining appropriate vascular resistance,
preventing air embolism, and ensuring adequate tissue
oxygen delivery. Induction agents such as etomidate
and ketamine are preferred in specific scenarios to
preserve ventricular function and systemic vascular
resistance [67][68]. Postoperative management in
specialized cardiac intensive care units is critical for
monitoring hemodynamics, arrhythmias, bleeding,
and thromboembolic complications, ensuring timely
intervention and favorable outcomes.

Conclusion:

Congenital heart disease presents complex
physiological and surgical challenges that demand a
highly individualized and multidisciplinary approach.
Despite significant technological advancements,
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patient safety and favorable outcomes hinge on
comprehensive  perioperative  planning, vigilant
monitoring, and seamless collaboration among
healthcare professionals. Nurses play a pivotal role in
ensuring stability during critical phases such as
induction, cardiopulmonary bypass, and postoperative
recovery. Early identification of complications,
proactive management of hemodynamic changes, and
adherence to evidence-based protocols are essential to
minimize morbidity and mortality. Furthermore,
psychological support for patients and families,
combined with precise medication and fluid
management, enhances overall care quality. As
pediatric cardiac surgery evolves, continuous
education, skill development, and integration of
innovative monitoring techniques remain vital.
Ultimately, individualized nursing care and
interdisciplinary teamwork form the cornerstone of
successful management, improving survival rates and
quality of life for children with congenital heart
disease.
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