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ABSTRACT 

 In comparison to adults, children have a higher risk of perioperative respiratory and 

cardiovascular problems due to their distinct respiratory and circulatory physiology. Due to 

their inability to control breathing and innate sensitivity to quick desaturation, airway 

obstruction, early respiratory fatigue, and lung atelectasis, anaesthesia can exacerbate 

respiratory decline in young children. Premature newborns (less than 60 weeks 

postconceptional age) are at risk for persistent apnoea and the resulting deterioration of 

respiratory function. In neonates, the transitional phase of circulation is susceptible to 

reverting to persistent foetal circulation. In comparison to older children and adults, the 

myocardium and autonomic regulation of the heart are young and distinct in neonates and 

babies, making them susceptible to life-threatening haemodynamic alterations during the 

perioperative period. In this review, we examine the variations in respiratory and 

cardiovascular physiology between neonates, babies, and younger children and older children 

and adults. We concentrate primarily on the transitional physiology of the respiratory and 

circulatory systems in neonates and infants, as well as the detrimental changes that can occur 

during anaesthesia or perioperative care. 
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1. INTRODUCTION 

 

      Cardiovascular and respiratory systems undergo significant changes during foetal, 

neonatal, infant, and early childhood development. hence respiratory .The cardiovascular 

physiology of young children, particularly newborns and infants, is distinct from that of older 

children and adults. Young children are more susceptible to anesthesia-related critical 

episodes and potentially cardiac arrest due to these differences. [1,2] 

 

As the majority of anesthesia-related deaths in children are due to unintended respiratory 

(airway-related) and cardiocirculatory events,[1] understanding the key developmental 

changes of these two important organ systems from birth makes anaesthesia safer for infants 

and toddlers. To apply appropriate anaesthetic principles and improve perioperative outcomes 
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in paediatric patients, it is necessary to recognise the differences in cardiovascular and 

respiratory physiology between different groups of children and adults. 

 

Initiation of Breathing 

         Prenatal lung tissue is compressed and loaded with fluids. The initial inhalation 

produces a high negative inspiratory pressure to commence lung function. Expansion by 

overcoming opposing forces, such as airway resistance, fluid inertia in the airway, and the 

surface force of airfluid interface in alveoli.[4] The resulting active pressure gradient moves 

lung fluids into interstitial tissue, where lymphatics and pulmonary circulation remove them 

gradually. Delayed clearance of lung fluids, which can occur in some children, can result in 

"transient tachypnea of infant" that can last between 24 and 72 hours. Surfactant, which is 

secreted near the end of pregnancy, reduces the air-liquid interfacial tension and "opening 

pressure" required for aerating the alveoli and preventing alveolar collapse. The generation of 

surfactant is adequate in neonates delivered after 35 weeks of gestation. [5-6] It may be 

necessary to administer exogenous surfactant to premature infants in order to aid normal lung 

breathing. 

 

Regulation of Breathing 

        At birth, respiratory control is rudimentary and requires several weeks to months to 

develop.The ventilatory response of neonates to hypoxia and hypercarbia is compromised. 

After a brief initial increase, the respiratory rate of premature newborns drops and frequently 

leads in apnoea under hypoxia. [7] During the first week of life, term infants exhibit a similar 

pattern of reaction to chronic hypoxia, which is followed by a protracted increase in 

breathing. Infants have a respiratory pattern that is both irregular and periodic. Periodic 

breathing is distinct from clinical apnoea and is frequently observed in both preterm and term 

newborns. Apneas that threaten life are common, especially in premature newborns.[8] In 

newborns younger than 60 weeks post-conception, prolonged apnoea lasting longer than 20 

seconds is prevalent during the first 12 hours following surgery (often within 2 hours). In 

many cases, the danger continues for more than twelve hours, necessitating vigilant 

monitoring of these high-risk newborns for at least twenty-four hours in a tertiary care 

setting. If surgery cannot be postponed in such newborns, intraoperative prophylactic 

intravenous caffeine (10 mg/kg) or theophylline (8 mg/kg) may be administered to lessen the 

risk of postoperative persistent apnea. In appropriate surgical situations, regional anaesthesia 

techniques without severe sedation should be preferred. It is rational to employ short-acting 

anaesthetics (such as sevoflurane or desflurane) and opioids (fentanyl or sufentanyl) when 

general anaesthesia is chosen. Certain newborns may require methylxanthines (theophylline 

or caffeine), continuous positive airway pressure (CPAP), or possibly mechanical ventilation. 

[9] Afferent laryngeal stimulation during laryngoscopy or excessive lung inflation (Herring–
Breuer inflation reflex) also contribute to apnoea in infants. 

 

Cardiovascular Physiology in Children 

     The cardiovascular architecture and physiology of infants evolve fast within a few days to 

several weeks after birth, reaching adult levels later in childhood. As neonates develop, the 

circulatory channel changes, the myocardium gradually matures, and the autonomic 

regulation of the heart evolves. These major changes distinguish the cardiovascular 

physiology of newborns and babies from that of older children and adults.[9-11] To create a 
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safe anaesthetic approach that helps to reduce perioperative morbidity and mortality in 

children, it is vital to recognise these distinctions . 

 

Fetus Circuitry and its Transition to Adult Type 

      The shift from foetal to neonatal to adult circulation is complicated due to the 

considerable changes in circulatory anatomy and physiology that occur.For the infant to 

become independent of the mother (placenta) for oxygen and other nutrients in the 

extrauterine environment, a smooth and effective transition is required. During the 

transitional phase, the delayed or difficult transfer of foetal circulation or return of the 

neonatal circulation to persistent foetal circulation has various anaesthetic implications. 

 

Foetal Circulation 

As the lungs stay deflated and filled with liquids during foetal life, pulmonary vascular 

resistance is particularly high. The single umbilical vein transfers oxygen from the mother's 

blood via the placenta to the developing foetus. Approximately half of this umbilical venous 

blood enters the inferior vena cava via the ductus venosus, bypassing the liver. This 

oxygenated blood stream, once entering the right atrium, is guided preferentially into the left 

atrium via the foramen ovale and subsequently into the left ventricle. [12] This blood is 

ejected by the left ventricle into the aorta and subsequently distributed to the brain, 

myocardium, and upper body. Deoxygenated blood drained from the upper body enters the 

right atrium via the superior vena cava and flows preferentially through the right ventricle 

through the tricuspid valve, into the right ventricle. 810% of total cardiac output flows via 

high vascular resistance pulmonary circulation. [13-15] A portion of the blood in the 

descending aorta nourishes the lower half of the body, while the remaining portion is 

reoxygenated in the placenta via two umbilical arteries. 

Thus, the foetal circulation is parallel. The left ventricle serves the brain, the heart, and the 

upper half of the body with welloxygenated placental blood, whereas the right ventricle 

supplies the lower half of the body and the placenta with blood with a lower oxygen tension. 

 

Transitional Circulation 

The change from foetal (parallel) to postnatal (series) circulation begins during delivery, 

following lung inflate (first cry) and umbilical cord expulsion of the placental circulation 

(umbilical cord clamping). Inflation of the lungs decreases the high pulmonary vascular 

resistance, whereas the elimination of the low-resistance placental circulation increases the 

systemic vascular resistance. These modifications improve pulmonary blood flow and 

promote blood return to the left atrium. 

Consequently, left atrial pressure rises. Ductus venosus restricts and reduces blood flow to 

the right atrium via inferior vena cava, resulting in a drop in right atrial pressure. Thus, the 

pressure gradient between the left and right atrium reverses, resulting in the functional 

closure of the foramen ovale over the next several breaths. [16-18] 

 

Oxygen Carriage 

         At birth, neonatal blood contains more foetal than adult haemoglobin (HbF) 

(HBA).HbF has a greater oxygen affinity than HbA. Thus,Despite having increased 

haemoglobin levels, infants are susceptible to hypoxia due to decreased tissue oxygen 

delivery. During the neonatal period, however, the concentration of 2,3 diphosphoglycerate 
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increases and the oxygen dissociation curve moves to the right. These modifications reduce 

HbF's affinity for oxygen and enhance tissue oxygen delivery in babies. 

        About six months after birth, the production of foetal haemoglobin ceases totally and is 

completely replaced by adult haemoglobin.[18-20] Due to the low level of circulating 

haematopoetin throughout early childhood, HbA is synthesised more slowly than HbF is 

eliminated from circulation. Around 912 weeks of age, an increase in HbF loss, a decrease in 

HbA synthesis, and a relative rise in circulating blood volume result in a drop in total 

haemoglobin and physiological anaemia in term newborns.[21-22] The decrease in 

haemoglobin level is proportional to the gestational age of preterm newborns. They also 

reach their lowest haemoglobin level earlier than term newborns (between 4 and 8 weeks of 

age). However, as infants develop, the affinity of oxygen for haemoglobin decreases, 

resulting in increased oxygen unloading at the tissue level. In terms of tissue oxygen supply, 

a lower haemoglobin concentration in newborns and young children is equivalent to a higher 

concentration in adults. [23-25] 

 

2. CONCLUSION 

      

Young children's respiratory and cardiovascular physiology differs from that of older children 

and adults, making them more susceptible to perioperative respiratory and cardiocirculatory 

problems. Neonates and newborns, particularly premature neonates, exhibit immature 

respiratory control, ineffective inspiratory muscles, distinct airway and lung mechanics, and a 

greater basal metabolic need from oxygen Under anaesthesia, undiagnosed apnea or airway 

obstruction, respiratory exhaustion, or lung atelectasis may cause fast respiratory 

deterioration in these children. Hypoxia, hypercapnia, acidosis, or electrolyte abnormalities 

may cause neonates' transitional circulation to revert to persistent foetal circulation by 

increasing pulmonary vascular resistance. Young children have diminished cardiac reserves 

and output dependent on heart rate. During anaesthesia, they have a poor tolerance for 

depression of cardiac contractility and alterations in systemic vascular resistance or 

circulatory volume. In response to several painful and autonomic stimuli, predominant 

parasympathetic regulation of the heart frequently induces bradycardia and its detrimental 

effects in neonates and young babies. Despite having a higher haemoglobin level, newborns 

are susceptible to hypoxia due to a higher HbF content in their blood, which causes poorer 

oxygen delivery at the tissue level. Therefore, anesthesiologists must recognise these 

distinctive features of respiratory and cardiovascular physiology in young children, 

particularly in neonates and infants, and develop a safe and effective anaesthetic plan to 

prevent perioperative morbidity and mortality in children. 
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