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15.1 Introduction

Over the last 30 years, greater numbers of premature infants of decreasing gesta-
tional age and extremely low birth weight (ELBW) have survived thanks to advances
in neonatal intensive care and obstetrics. The increased survival of premature neonates
has produced a population of infants who are susceptible to many unique diseases
and a host of potential anesthetic challenges. With this increased survival rate, the
need for infants to undergo surgery is not infrequent. It may be performed for sur-
gical ligation of a patent ductus arteriosus (PDA), which is causing severe heart
failure not controlled by medical therapy, or a laparotomy for the consequences of
necrotizing enterocolitis (NEC).

These infants are also at risk of developing retinopathy of prematurity (ROP),
which often coexists with chronic lung disease and may require laser or cryosurgery.
Many develop inguinal hernias, which occur with increased frequency in those born
before a gestational age of 32 weeks and a birth weight of less than1,250 g [1]. In-
guinal hernia repair remains the most common surgical procedure carried out in
pre-term infants. For the purpose of this chapter, we will focus on the very low and
ELBW infant, or severe prematurity, and discuss the associated developmental phys-
iology and its impact on anesthetic care.

15.2 Defining the Levels of Prematurity

Prematurity is defined as birth before 37 weeks of gestation, which is based on the
last menstrual period and ultrasound scan. Unfortunately, ultrasonographic assess-
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ment of gestational age in the second trimester is not always accurate. An error of
1.2 weeks can have a significant impact on management decisions, because sur-
vival rate improves significantly with each incremental week of intrauterine life be-
yond 23 weeks of gestation [2]. Premature babies may be further divided into bor-
derline prematurity (36—37 weeks of gestation), moderate prematurity (31-36 weeks
of gestation), and severe prematurity (24—30 weeks of gestation) [3]. Low birth weight
(LBW) infants are defined as infants born with a birth weight of less than 2,500 g;
very low birth weight (VLBW) infants are those with a birth weight of less than
1,500 g; and ELBW infants are infants with a birth weight of less than 1,000 g.
Birth weight may therefore be a more accurate measure of prematurity. In fact, com-
parisons between gestational age and birth weight have found them to be indepen-
dent predictors of survival [4].

15.3 Problems Associated with Severely Premature and
Extremely Low Birth Weight Infants

Morbidity and mortality for the smallest infants remains high with one study esti-
mating a mortality rate of 89% for infants weighing 401-500 g. Almost all of the
survivors in this ELBW group suffered from considerable morbidity [5].

The premature infant presents a unique physiology, anatomy, and pathology and
requires focused strategies for presurgical management and for the administration
of anesthesia. Most of the important organs in these babies are still in the process
of development and maturation. There is inadequate production of efficient sur-
factant, a susceptibility of retinal blood vessels to oxygen toxicity, and a suscep-
tibility to hemorrhagic and ischemic brain damage. These factors lead to the de-
velopment of diseases exclusively found in these babies, e.g., respiratory distress
syndrome (RDS), intraventricular hemorrhage, ROP, PDA, and NEC. Other fac-
tors include hypoglycemia, apnea (especially during the postoperative period), and
hypothermia.

15.3.1 Pulmonary Disease

Premature infants of less than 32 weeks gestation are at increased risk of develop-
ing RDS. This is characterized by increasing atelectasis secondary to the inadequate
production of surfactant. This low level of surfactant leads to alveolar collapse, a
reduction in functional residual capacity, intrapulmonary shunting, and hyaline mem-
brane formation. Atelectasis, hyaline membrane formation, and interstitial edema
combine to reduce pulmonary compliance and necessitate the use of supplemental
oxygen and positive pressure ventilation. The incidence and severity of RDS is in-
versely proportional to gestational age. Bronchopulmonary dysplasia (BPD) is de-
fined as the need for supplemental oxygen before 30 days of life. BPD is a com-
bination of pulmonary parenchymal and interstitial changes secondary to the ef-
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fects of oxygen therapy and positive pressure ventilation on the premature lung. A
severity index for BPD based on the need for supplemental oxygen and/or positive
pressure ventilation or nasal continuous positive airway pressure has been devel-
oped, and shown to identify a spectrum of risk for adverse pulmonary and neu-
rodevelopmental outcomes in prematurely born infants [6]. Anesthetic goals include
minimizing the inspired oxygen concentration and peak inspiratory pressures while
maintaining oxygenation and ventilation. The introduction of maternal steroid ad-
ministration and artificial surfactant replacement therapy in the infant with less than
28 weeks gestational age has dramatically improved the prognosis of these infants.

15.3.2 Apnea and Respiratory Control

Severely premature infants possess a biphasic ventilatory response to hypoxia. Ini-
tially, ventilation increases during hypoxia, but after several minutes, ventilation de-
creases and apnea may ensue [7]. Apneic episodes occur commonly in the severe-
ly premature but decrease with advancing postconceptional age [8].

Apneic spells are a common neonatal problem occurring in approximately 25%
of premature infants and ex pre-term infants during recovery from general anes-
thesia [9]. The apnea of prematurity and apnea following general anesthesia appear
to have a similar distribution of central (70%), obstructive (10%), and mixed (20%)
origins [10].

Pre-term infants with a history of periodic breathing often become apneic in re-
sponse to airway obstruction; this effect declines with increasing postnatal age. As
upper airway obstruction appears to be important in the development of apnea, it
seems reasonable to assume that general anesthesia, which can decrease upper air-
way muscle tone, may contribute to the development of apnea after general anes-
thesia, even in infants without a history of apnea. Prolonged apnea is often ac-
companied by hypoxia, hypercarbia, and bradycardia. Apnea is usually defined as
absent respiratory airflow of 15 s or longer. Postoperative apnea occurs as a clus-
ter of episodes over several minutes, with minutes of normal breathing in between
the clusters, accompanied by bradycardia. The incidence of postoperative apnea de-
pends on postconceptional and gestational age, hematocrit, and the type of surgi-
cal procedure. The most significant risk factor is postconceptional age; the lower
the postconceptional age, the greater the risk. Hypothermia and hypoglycemia are
known to induce apnea. Anemia (hematocrit < 30%) and younger gestational age
increase the risk of apnea for a given postconceptional age [11,12].

15.3.3 Brain Injury

Brain injury in premature infants includes intraventricular hemorrhage (IVH), cere-
bral ischemia [periventricular leukomalacia (PVL)], and posthemorrhagic hydro-
cephalus. IVH is the most common cause of intracranial hemorrhage in VLBW
infants.
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The incidence and severity of IVH is directly proportional to the degree of pre-
maturity. An early onset of IVH appears during the first day of life. Risk factors
include fetal distress, vaginal delivery, low Apgar (appearance, pulse, grimace, ac-
tivity, respiration) scores, metabolic acidosis, hypercapnia, and the need for me-
chanical ventilation [13,14].

Hypercapnia, hypoglycemia, and anemia are associated with a rise in cerebral
blood flow which may induce the onset of IVH. Factors that may decrease the in-
cidence and severity of IVH include the administration of sedation with opioids,
antenatal glucocorticoids, or indometacin. The outcome for infants with IVH de-
pends, to a large extent, on the degree of associated parenchymal injury.

PVL is due to the impairment of the blood supply to the cerebral white matter.
Severe hypotension, marked hypocarbia, and impairment of cerebral autoregulation
in these infants are some of the risk factors leading to insufficient cerebral blood
flow and ischemia.

15.3.4 Retinopathy of Prematurity

The pathophysiology of ROP is thought to be due to retinal artery constriction lead-
ing to retinal ischemia resulting in neovascularization. ROP occurs in approximately
50% of ELBW infants, with the incidence and severity being inversely proportional
to birth weight and gestational age [15—17]. Although the pathogenesis of ROP is
not completely understood, variations in arterial oxygenation (hypoxia or hyperox-
ia) and exposure to bright light appear to play a role.

One theory suggests that the combination of the hyperoxic vasoconstriction of
retinal vessels, the induction of vascular endothelial growth factors, and free oxy-
gen radicals damage the spindle cells in the retina. Other contributing factors in-
clude the use of supplemental oxygen, fluctuations in oxygen saturation, mechan-
ical ventilation, total parenteral nutrition (TPN), and blood transfusion [18].

During anesthesia, the lowest inspired oxygen concentration that provides oxy-
gen saturations between 92% and 96% is used and all attempts are made to avoid
significant fluctuations in oxygen saturation.

15.3.5 Gastrointestinal Disease

NEC is an intestinal disease more common in premature infants and occurs in about
5% of ELBW infants; birth weight less than 1000 g that is the most important risk
factor for NEC [19]. The prognosis for ELBW infants with NEC is poor. The patho-
genesis of NEC has a multifactorial etiology, including hypoperfusion of the gut
due to systemic hypoxia or hypotension, infection due to bacterial translocation across
an immature gut wall, and enteric feeding, typically coincide with the onset of en-
teral feeding. Other factors include exposure to antenatal glucocorticoids, vaginal
delivery, the need for mechanical ventilator support, PDA, exposure to postnatal
indometacin, and a low Apgar score at 5 min [20].
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The initial signs of NEC are feeding intolerance, increased work breathing, tem-
perature instability, and lethargy; later signs include abdominal distension, bile-
stained vomiting, bloody and frothy stools, gastric residuals of previous feeds, and
periumbilical discoloration. There may be signs of systemic sepsis—circulatory col-
lapse, hypotension, apnea, low blood glucose levels—and occasionally signs of gut
perforation. Thrombocytopenia is common and may require correction. Initial man-
agement includes resuscitation, cardiopulmonary support, and antibiotics. Large vol-
umes of colloids may be required together with blood and blood components. Sur-
gical intervention may be required when there is perforation and when there is con-
tinuing deterioration despite full support.

15.3.6 Temperature Regulation

Premature and ELBW infants are susceptible to hypothermia during surgery. At
birth, body temperature tends to decrease and this is due to heat loss from physi-
cal contact with cold surfaces or cold clothing as the temperature control system
of premature infants is not yet developed. Moreover, the neonate depends on non-
shivering thermogenesis for heat production. Nonshivering thermogenesis uses
brown adipose tissue and requires oxygen consumption. It is believed that in small
premature infants, brown adipose tissue is not sufficiently developed, and this, com-
bined with the larger surface/volume ratio, makes infants more susceptible to hy-
pothermia. In fact, brown fat cells begin to differentiate from reticular cells at 20
to 30 weeks of gestation and increase in size and number about 3—6 weeks after
birth [3]. Volatile anesthetics are potent inhibitors of brown adipose tissue ther-
mogenesis [21,22], while nitrous oxide and intravenous anesthetics such as sodi-
um thiopental and propofol do not have this inhibitory property [23]. Hypother-
mia significantly increases metabolic activity and oxygen consumption, and this
leads to serious clinical consequences such as hypoxemia, metabolic acidosis, pe-
riodic breathing or apnea, respiratory distress, bradycardia, hyperglycemia, and pul-
monary aspiration of gastric contents, all factors that may seriously threaten the
infant’s life [3].

A premature infant’s flaccid, open posture tends to increase heat loss rather than
conserve heat, whereas the flexed, curled-up position of full-term neonates tends
to conserve heat. We have to then add to this the risk in patients with central ner-
vous system damage or suffering from hypoglycemia, who have more difficulty main-
taining body temperature. After exposure to low temperatures, infants appear agi-
tated because they increase their muscle activity in an attempt at compensation. This
also produces an increase in the secretion of catecholamines in the serum as an at-
tempt to increase heat production and safeguard the noble organs from the effects
of hypothermia.

Both before arrival in the operating room and during any operation, heat loss
must be minimized; therefore, any transport of the infant has to be in a thermo-
heated incubator and an adequate temperature has to be maintained through the use
of heat exchangers connected to special thermal blankets. It is of great importance
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to carefully cover the body of the infant, and in particular the head, which in this
subject is a large surface for heat loss [3,24].

15.3.7 Patent Ductus Arteriosus

The PDA connects the main pulmonary artery with the aorta. It is essential during
intrauterine life and its persistent patency is common in prematurity [25].

The small dimensions of the ducts result in a minimum left-right shunt with-
out major hemodynamic consequences, while in the larger volume ducts overload
will affect pulmonary circulation and the left sections over time, with the appear-
ance of cyanosis and pulmonary hypertension.

In many cases, the duct closes spontaneously; where this does not happen, phar-
macological intervention or surgery is necessary. The initial medical treatment in-
cludes fluid restriction [26—28], diuretics, and the administration of cyclooxygenase
inhibitors, indometacin, and ibuprofen [28-30]. Indometacin therapy is less likely
to close the PDA in ELBW infants compared with pre-term infants and is more
likely to produce complications, including thrombocytopenia, renal failure, hy-
ponatremia, and intestinal perforation [31].

Surgery consists of ligation through a left thoracotomy [32], with retraction of
the left lung with decreased lung compliance. One of the most feared complications
is severe bleeding [33]. When surgery is performed by experienced teams, the inci-
dence of major complications is small [34].However, substantial late morbidity and
mortality have been reported from the long-term complications of prematurity.

Anesthesia includes the use of fentanyl (2050 g/kg) and pancuronium bro-
mide (0.2 mg/kg). Although this procedure does not usually cause hypotension or
bradycardia, a reduction in arterial pressure after anesthetic induction does occur
because of loss of sympathetic tone, especially in the setting of hypovolemia due
to diuretic therapy. This condition can be prevented by administering albumin
(10 mL/kg) before induction [33].

15.3.8 Infection

Pneumonia, sepsis, and meningitis are the most common infections in premature
and ELBW infants. The presence of catheters and respirators can, in fact, become
a vehicle for bacteria. The main reason is that infants do not have a fully developed
immune system, which is adapted to respond appropriately to external pathogens.
The signs of sepsis are nonspecific and immediate; however, the following should
be considered as possible signs of an infection: the presence of hypo- or hyper-
thermia, lethargy, apnea, or an increase of serum glucose levels. Sepsis can devel-
op without changes in white blood cell count (WBC), fever, or signs of positive
blood cell cultures. However, a 15% increase in WBC may be suggestive of an in-
fection [35]. On occasions, traces of WBC in the cerebral spinal fluid and urine
can be found [36].
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Treatment with antibiotics appears to be the most appropriate therapy, even if
aminoglycosides can cause muscle weakness and paralysis. Recent studies have
shown that early treatment of sepsis is very important to prevent neurological dam-
age from developing even several years after the original infection [37].

15.3.9 Anemia

Anemia is defined as a reduction of the total quantity of circulating hemoglobin in
the peripheral blood and within erythrocytes. Premature infants are particularly sub-
ject to anemia because red blood cells in the neonatal period have a shorter life
span and during the first weeks of life, their production is limited, being body growth
relatively faster. At birth, the concentration of hematocrits (50-55%) is greater in
infants than in older children and adults. This concentration tends to decrease nor-
mally in about in 2 or 3 months [3].

Normally, fetal hemoglobin is replaced by the adult variety which has lower
affinity with oxygen (the affinity of hemoglobin for oxygen is a reduced P50 of
19 mmHg in the newborn vs. 30 mmHg in the infant vs. 27 mmHg in the adult).
Consequently, in pre-term infants with the same hematocrit, less oxygen is de-
livered to the tissues. The situation can be aggravated by poor nutrition of the
newborn with low vitamin E, folic acid, and iron, and by lung disorders [3,38].

In these premature infants, elective surgery should not take place when the he-
moglobin concentration is lower than 10 g/dL. Thrombocytopenia occurs in about
70% of premature infants and the cause is not always very clear, although sepsis,
coagulation intravascular disease, and NEC are among the most common causes.
In the preoperative evaluation, a recent platelet count must be obtained and platelet
availability must be evaluated [33]. The hematology values at different ages are shown
in Table 15.1.

15.3.10 Hyperbilirubinemia

Almost all pre-term infants less than 35 weeks old have elevated levels of total
bilirubin in serum or plasma and this condition is called prenatal jaundice. The

Table 15.1 Hematology values at different ages [68-70]

Pre-term Pre-term Full-term infant
28-32 weeks  32-36 weeks
Hemoglobin (g/dL) 12.9 13.6 16.8
Hematocrit (%) 40.9 43.6 55
White blood cell count(/mm?) 5,160 7,710 18,000
Platelet count (/mm?) 255,000 260,000 300,000
Prothrombin time (s) 154 13 13
Activated partial thromboplastin time (s) 108 53.6 429
Fibrinogen (mg/dL) 256 243 283

Bleeding time (min) 3.5 35
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yellowish discoloration of the skin and/or sclerae is caused by bilirubin deposi-
tion because pre-term infants have a reduced ability to conjugate this substance.
The major complication produced by bilirubin is a neurological dysfunction (bi-
lirubin-induced neurological dysfunction), which occurs when the circulating biliru-
bin crosses the blood-brain barrier and binds to brain tissue. A bilirubin concen-
tration of 10—15 mg/dL causes kernicterus if the infant is in a state of acidosis and
hypoxemia [39—41]. Additionally, certain substances such as sulfonamides,
furosemide, and benzyl alcohol, having high affinity for proteins, displace biliru-
bin thereby increasing the risk of kernicterus [33]. Therefore, a two-volume ex-
change transfusion should be performed before surgery if the infant has elevated
indirect bilirubin, because intraoperative hypoxemia and acidosis may prove dis-
astrous.

15.3.11 Electrolyte Disorders

In the infant in a critical condition, the relationship between energy expenditure
and water loss is affected by functional immaturity, environmental stress, and
redistribution of body water at birth. The premature infant has a relative excess
of the total volume of water and extracellular fluid than the full-term infant.
Changes in the concentration of electrolytes in the premature infant can be very
frequent, but one should never rely on the first sample [42]. An increase of sodi-
um in the blood may be caused either by excessive dehydration or by the ex-
cessive administration of sodium [3]. Renal blood flow and glomerular filtration
rate (GFR) increase with gestational age; in full-term newborns, these parame-
ters improve rapidly after birth, while they remain altered in premature infants,
resulting in intolerance to excessive fluid and electrolytes [42]. Hypokalemia is
common (< 3 mEq/L), especially in pre-term infants who received diuretics. The
serum chloride concentration is normally higher (105-115 mEq/L) and the to-
tal calcium concentration is usually lower than that of full-term infants. Hyper-
ventilation may further reduce serum potassium levels and ionized calcium con-
centration.

Most neonatologists tend to maintain the total serum calcium concentration
above 8 mg/dL, although many neonates do perfectly well with concentrations
below this level [3]. The serum calcium concentration in premature and ELBW
infants is normally lower than that of full-term infants because pre-term infants
have a diminished concentration of serum proteins [3].

15.3.12 Hypoglycemia

Premature and LBW infants are susceptible to hypoglycemia. This is attributed
to immature gluconeogenic and glycogenolytic enzyme systems. A plasma glu-
cose concentration of less than 25 mg/dL in these infants is taken as a sign of
hypoglycemia. Infants who use glucose at an increased rate are prone to hypo-
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glycemia, e.g., infants experiencing perinatal asphyxia, neonatal sepsis, and a cold
environment [43].

Glucose levels in infants at increased risk of hypoglycemia should be checked
intraoperatively. Intravenous infusions should contain glucose to maintain a glucose
infusion rate of between 6 and 8 mg/kg/min.

15.4 Anesthetic Management

Anesthesia provides insensitivity to pain during surgical procedures. The most com-
monly used technique in severely premature infants is general anesthesia. Over the
last 25 years, general anesthesia has been delivered using both inhaled and intra-
venous drugs in very premature infants for a variety of surgical procedures. The
most frequent diseases for which surgery is required in VLBW infants are inguinal
hernia, NEC, PDA, ROP, and ventriculoperitoneal shunt.

15.5 Drug Pharmacokinetics and Pharmacodynamics

The pharmacokinetics and pharmacodynamics of drugs for severe premature infants
are different from those of full-term neonates, children, or adults.

The main factors affecting drug pharmacokinetics in severely premature infants
are higher body water than body fat content, which results in higher volume dis-
tribution, and hence a need for a higher loading dose, and a decrease in albumin
and al-acid glycoprotein binding leading to an increase in free drug concentration.
In these infants, the biotransformation of drugs by hepatic enzyme systems may be
slower due to the immaturity of the systems. Renal excretion of drugs may be slow
or impaired due to low renal blood flow, low GFR, and poor tubular secretion. The
minimum alveolar concentration of inhaled anesthetics is lower in pre-term infants
compared with full-term neonates [44].

15.6 Effects of Anesthesia and Sedation on Brain Development

Recent findings in neonatal animals have revealed that all commonly used anes-
thetics and sedatives induce neuronal cell death in several regions of the develop-
ing brain [45,46].

Whether the observed degenerating neurons were destined to die by physio-
logically programmed cell death, called apoptosis, or whether exposure to the anes-
thetic induced apoptotic cell death in neurons otherwise not destined to die remains
controversial [47]. Nonetheless, these disturbing findings in animals have raised
significant safety concerns regarding anesthetic exposure in immature neonates [48].
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Emerging findings from epidemiological studies in humans remain conflicting;
while some studies have suggested an association between anesthetic exposure ear-
ly in life and subsequent learning or behavioral abnormalities [49,50], other stud-
ies have failed to find this association [51,52]. The mechanism for neurotoxicity
appears to be attributed to the neurotransmitters glutamate and y-aminobutyric acid,
which act as trophic factors in the developing brain [53]. In the immature brain,
these trophic factors promote synaptic growth and plasticity and are necessary for
neuronal survival.

The inhaled anesthetics ketamine, nitrous oxide, and midazolam exert their anes-
thetic effects by altering synaptic transmission through the blockade of glutamate
and y-aminobutyric acid receptors. In the immature brain, this blockade also pre-
cipitates neuronal cell death by apoptosis [54]. Moreover, pre-term infants who re-
ceive anesthesia and sedation for painful procedures experience less morbidity and
mortality than those who do not [55,56]. Based on animal models, the severe pre-
mature infant exposed to several hours of high concentrations of the inhaled anes-
thetics ketamine, nitrous oxide, and midazolam is potentially at risk, as is the pre-
mature infant exposed to surgery with insufficient anesthesia. We often anesthetize
babies with low concentrations of the inhaled agent, but with large doses of opi-
oids and regional anesthesia whenever possible.

15.7 Choice of Operation Site

Which is the best place to perform surgery in severe premature infants, the oper-
ating room or the neonatal intensive care unit (NICU)?

Anesthesiologists and surgeons are more comfortable performing surgery in
an operating room which allows them to work in a familiar place with access to
the assistance of colleagues and nursing staff, and a variety of surgical and anes-
thetic equipment nearby. On the other hand, performing surgery in the NICU avoids
transportation of the infant which may be accompanied by a significant amount
of risk.

In the past, some surgeons chose to perform surgery at the bedside in the NICU
without an anesthesiologist present because it was deemed unsafe to transport the
infant, or if there was no operating room or anesthesiologist to perform the surgery
in a timely manner, or because it was believed that the severely premature did not
need anesthesia. In the authors’ opinion, this model of care does not provide the
highest level of patient care; there is ample evidence that premature neonates re-
quire anesthesia for surgery.

There is clearly no answer as to which is the best place. The decision should be
made based on the setting and conditions in each individual case and institution,
minimizing the period of transportation and providing optimal surgical conditions
(optimal lighting, sterile conditions, and controlled room temperature).
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15.8 Preoperative Evaluation

Preoperative preparation focuses on the optimization of cardiac and respiratory
status and on the treatment of anemia, electrolyte abnormalities, metabolic aci-
dosis, and coagulopathy. For nonemergency procedures such as inguinal hernia
repair, preoperative evaluation occurs well in advance of surgery to optimize med-
ical status before the administration of anesthesia. Communication between the
anesthesiologist, surgeon, and neonatologist before and after surgery is vital for
safe care. For almost all surgeries, packed red blood cells should be available in
the operating room.

The NPO (nil by mouth) status should be determined. In our institution, babies
less than 6 months are required to be NPO for formula for 4 h or longer, breast
milk for 3 h or longer, and clear liquids for 2 h or longer (Table 15.2)

15.9 General Anesthesia

Anesthesia may be induced using either an inhalational agent or an intravenous agent;
usually this depends on whether the infant has an intravenous catheter in place and
whether there is a risk of pulmonary aspiration. For elective procedures, inhalation in-
duction of anesthesia is common because access may be difficult after a long neona-
tal NICU stay. Saphenous, external jugular, and scalp veins often yield the greatest
success when it is impossible to insert a hand or foot intravenous cannula. The size
of the endotracheal tube (ETT) chosen should be based on the age of the infant and
whether they require prolonged tracheal intubation (> 1 months) in the NICU. If the
infant has to undergo a prolonged period of tracheal intubation, the ETT used should
have an internal diameter that is 0.5 mm smaller than the tube usually chosen for a
child of this age. The anesthesiologist should ensure that there is an adequate air leak
around the ETT during positive pressure ventilation to prevent an excessively tight
tube from contributing to postoperative tracheal edema and airway obstruction.
Particular intraoperative concerns for severely premature infants include main-
tenance of normal body temperature, balanced use of intravenous fluids, and ef-
fective humidification of inhaled gases to promote effective pulmonary hygiene and
help maintain a normal body temperature. Premature infants have large surface
area/volume ratios and lose body heat easily through their skin. For infants less than
6 months of age, the operating room should be pre-warmed to prevent radiant heat
loss during preparation and before the young patient is covered with drapes. A warm-
ing mattress, a heated and humidified breathing circuit, and warmed intravenous
fluids further help prevent heat loss. A reduction of body temperature contributes

Table 15.2 Preoperative fasting recommendations in infants and children

Age Formula Breast milk Clear liquids
< 6 months 4h 3h 2h
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to an increase in the expenditure of metabolic energy postoperatively and may con-
tribute to apnea in infants of less than 60 weeks postconceptional age.

Intravenous fluids consist primarily of a balanced salt solution (such as lactat-
ed Ringer’s solution) for the replacement of intraoperative fluid losses. The com-
positions of commonly used intravenous solutions are shown in Table 15.3.

Maintenance fluids need not contain dextrose routinely, but should be used for
patients receiving continuous infusion via TPN or those with documented hypo-
glycemia. For the smallest premature infants (< 3 months of age) who have inade-
quate glycogen stores, the routine administration of a 5-10% dextrose solution at
maintenance rates will usually maintain normal blood glucose concentrations. Main-
tenance fluid rate can be calculate as 4 mL/kg/h for the first 10 kg of body weight
plus 2 mL/kg/h for the next 10 kg of body weight plus 1 mL/kg/h for each kg there-
after (Table 15.4).

Positioning of the patient must be done in a way that prevents hyperextension
of contracted joints. Placing a roll under the infant’s upper back will align the air-
way of infants with large heads relative to their chest size.

The hemodynamic state should be maintained in as stable a level as possible to
avoid an abrupt increase or decrease in cerebral blood flow, which may lead to in-
tracerebral hemorrhage or cerebral ischemia. An estimate of the circulating blood
volume is shown in Table 15.5.

Table 15.3 Composition of extracellular fluid and commonly used intravenous solutions

Na* K* Ca®*  Mg?* NH," Cr HCO,- HPO,

Extracellular fluid 142 4 5 3 0.3 103 27 3
Lactated Ringer’s solution 130 4 3 - - 109 28 -
0.45% NaCl 77 - - - - 7 - -
0.9% NaCl (normal saline) 154 - - - - 154 - -
3% NaCl 590 - - - - 590 - -

Table 15.4 Maintenance fluid requirements in children

Weight (kg) Hour Day

<10 4 mL/kg 100 mL/kg

10-20 40 mL + 2 mL/kg for 1,000 mL + 50 mL/kg for
every kg > 10 kg every kg > 10 kg

> 20 60 mL + 1 mL/kg for 1,500 mL + 20 mL/kg for
every kg > 20 kg every kg > 20 kg

Table 15.5 Estimate of circulating blood volume

Age Estimated blood volume (mL/kg)
Pre-term infant 100

Full-term neonate 90

Infant 80

School age 75
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Basic monitoring includes electrocardiogram, blood pressure, pulse oximetry, end-
tidal carbon dioxide and temperature. For major surgery, invasive blood pressure mon-
itoring, central venous pressure, and urine output may be needed. An intra-arterial
cannula may be sited at the umbilical artery, radial artery, or posterior tibial artery.

15.10 Regional Anesthesia

There is increasing evidence that regional anesthesia is beneficial when used alone
or in combination with general anesthesia in VLBW infants. Epidural anesthesia has
been shown to decrease the need for postoperative ventilatory support in infants un-
dergoing major surgery [57]. Huang and Hirshberg [58] showed that regional anes-
thesia decreased the need for postoperative mechanical ventilation in infants with a
mean gestational age of 26 weeks and a mean postconceptional age at surgery of
38 weeks, when undergoing hernia repair. Good success rates and low complication
rates have also been reported [59]. The incidence of postoperative apnea following
general anesthesia has been reported to be 11-37%, whereas the risk of postopera-
tive apnea following spinal anesthesia without sedative supplementation is close to
0% [60,61]. The risk of apnea, oxygen desaturation, and bradycardia is not com-
pletely abolished by the use of regional anesthesia because there is occasional need
to supplement regional anesthesia with intravenous or inhaled agents.

Inguinal hernia repair is the most common surgical indication for regional anes-
thesia in severely premature infants. Inguinal hernia repair under spinal [62] or cau-
dal [63,64] anesthesia is reported to have fewer episodes of apnea, hypoxemia, and
bradycardia than in infants who receive general anesthesia [65]. The jury is out,
though, because recent publications using newer inhalational agents (desflurane,
sevoflurane) suggest little difference [66,67]. The main limitation of spinal anes-
thesia is the limited duration of action of local anesthetics, even when relatively
large doses per kg of body weight are administered. The duration of action is up to
80% shorter in the youngest children compared with adults. The maximum dura-
tion of spinal anesthesia is about 90 min, even when long-acting local anesthetics
are administered in relatively large doses. The short duration of action of intrathe-
cal drugs in these infants has prompted interest in continuous regional anesthesia
techniques so that the duration of anesthesia may be extended while drug toxicity
is minimized. Successful regional anesthesia techniques offer many advantage in
this high-risk population.

15.11 Emergence from Anesthesia

Extremely premature and VLBW infants who were mechanically ventilated before
surgery should remain ventilated during the return journey to the NICU. The tra-
chea need not be extubated in the operating room immediately after the surgical
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procedure even if the infant was not on a ventilator before surgery. The trachea can
be extubated later in the NICU when full recovery from the remaining effects of
the anesthetic is obtained.

15.12 Postoperative Management

Pre-term infants tend to have apneic spells postoperatively. The generally accepted
limit of such a risk in infants is a 44—46 weeks postconceptional age. Monitors should
be applied to detect apnea, desaturation, and bradycardia in these infants for at least
48 h postoperatively.

15.13 Conclusions

Severely premature and VLBW infants present significant challenges to the anes-
thesiologist. They are susceptible to prematurity-related diseases. When providing
anesthesia for these infants, precautions should be taken to deliver safe anesthesia.
Attention should be paid to the inspired oxygen concentration to avoid hyperoxia,
which is a major contributing factor to the development of ROP. Hemodynamic pa-
rameters should be kept stable to avoid IVH and cerebral ischemia. Prevention of
hypothermia and hypoglycemia is also essential. These infants handle drugs in a
less predictable fashion and therefore there is a need to titrate drug dosages. These
very young patients will benefit from adequate anesthesia and analgesia.
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