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1. What is the definition of a neonate?

Technically, "neonate" refers to a newborn animal up to 6-8 weeks old. Veterinary patients up to 3 months old are considered neonates or pediatric patients. Anesthesia of patients less than 3 months of age is generally considered to be higher risk and requires special attention to the needs of the immature patient.

2. What is special about 3 months of age?

By 12 weeks, the major systems (cardiovascular, pulmonary, thermoregulatory, renal, and hepatic) are relatively well developed. Neonates gradually mature, with the majority of systems developed by 6 or 8 weeks.

3. How does the cardiovascular system in a neonate differ from that in an adult?

Neonates are more dependent on heart rate for cardiac output than adults. They have less functional contractile tissue than adults do, so changes in cardiac output are mediated by changes in rate rather than contractility. Adults can change their contractility up to 300%, in comparison to a neonate's 30%. The resting cardiac index of neonates is higher than that of adults, resulting in very little cardiac reserve. This is compounded by an immature sympathetic nervous system, which leads to decreased baroreceptor reflex and poor vasomotor regulation. Great care and attention need to be directed toward maintaining heart rate in anesthetized neonates.

4. What is different about the respiratory system in a neonate?

Neonates typically have a high resting respiratory rate (and therefore minute volume) secondary to increased oxygen demand. Their small airways are more prone to obstruction, and closing volume (the volume where alveoli collapse) is much smaller than that of adults. These factors lead to an increased potential for hypoxia during apnea or obstruction. The pliable rib cage leads to greater work of breathing, and respiratory fatigue may occur earlier, especially in cases of respiratory disease.

5. Are other systems immature in the neonate?

We mentioned the immature sympathetic nervous system and the decreased ability to respond to the stress of anesthesia. Renal function is not fully developed, which may result in prolonged drug effects. Hepatic microsomal enzymes are deficient, also leading to prolonged elimination and effect of drugs.

6. Are neonates more susceptible to hypothermia?

Yes, they are. They typically have less body fat compared to an adult, immature thermoregulatory control, and a large ratio of surface area to mass. Warm-water circulating blankets. increased room temperature, warmed fluids, and expeditious surgical and anesthesia times are critical to maintaining body temperature.

7. Do neonates feel pain?

The common opinion among physician neonatologists is that they do. Research supports this supposition, and that pathologic pain is detrimental to development. There is no reason to suggest or infer that our veterinary neonatal patients do not sense pain. The use of local anesthetics and/or opioids is indicated in patients undergoing procedures considered painful in mature animals (e.g., tail docking, dew claw amputation). Care must be taken in dosing, and dilution of drugs may be necessary to obtain an appropriate volume to be administered.

8. How do neonates react to preanesthetic and anesthetic drugs?

The blood-brain barrier of neonates is typically not mature, and exaggerated responses to medications may be seen if adult doses are given. Neonates have a high volume of distribution, because of their large extracellular fluid volume compared to adults. Decreased protein binding of drugs and decreased metabolism also lead to exaggerated responses. It is prudent to reduce doses of sedatives and tranquilizers and to administer anesthetics to effect in the neonatal patient.

9. What are common premedications for neonates?

Low-dose opioids and/or benzodiazepines are commonly used when it is deemed necessary to premedicate these patients. Opioids have very little effect on contractility but may reduce the heart rate and should be given with atropine or glycopyrrolate. In the very young patient, opioids and/or benzodiazepines can produce excellent sedation, unlike older animals. Diazepam or midazolam (0.05---0.2 mg/kg) or butorphanol (0.1---0.3 mglkg) are drugs often used in neonates.

10. Can acepromazine or medetomidine be administered in neonates?

Acepromazine can produce significant hypotension and heat loss due to vasodilation, and is best avoided in the immature patient. a 2-Adrenergic agonists can cause significant bradyarrhythmias, as well as dramatic afterload increases. Phenothiazines and a,-agonists also require extensive hepatic metabolism and renal clearance, resulting in prolonged and exaggerated effects. Both are best avoided in immature animals.

11. What should I use for anesthetic induction of neonates?

Inhalant induction via mask or chamber is probably the most common method of induction. Foals can be induced with inhalant via a nasotracheal tube. Isot1urane or sevot1urane is most commonly used. Maintenance of anesthesia is typically a continuation of either gas anesthesia via a mask or connection to a circuit after endotracheal intubation. Intubation is preferable when possible, as it decreases contamination of room air with inhalants and allows mechanical ventilation.

12. How do I intubate a neonate?

Neonates typically have large tongues and a wide, flat mouth. They tend to be nasal breathers, and the palate may therefore block the glottis from view. A laryngoscope with a small blade is extremely useful. Many puppies and kittens can be intubated with a 2.0 or 2.5 mm ID endotracheal tube. Stylets may be used but should not extend past the tip of the tube. Large intravenous catheters (with the needle removed!) may be used if these tubes are too big. It is important to reduce mechanical dead space as much as possible. Foals are relatively easy to nasotracheally intubate, and can be switched to an orotracheal tube if desired when induced.

13. Can I use the same anesthesia circuit for neonates that I use on adults?

Typically, a non-rebreathing circuit (e.g., Bain circuit, Jackson-Reese circuit) should be used on neonates to reduce the work of breathing. Unfortunately, these circuits are not as good at maintaining body temperature and extra care has to be taken to preserve body heat. Their high flow rates (200--300 mllkg/min) also put the animal at risk of barotrauma more quickly if the relief valve ("pop-off' valve) is left closed. Foals less than about 110 kg are usually placed on a small animal circle circuit rather than the typical large-animal anesthesia machine.

14. Are injectable anesthetics used in neonates?

Great care must be taken in the neonate due to the extensive metabolism required to excrete these drugs. Redistribution typically results in the termination of anesthetic effects, but prolonged recoveries and/or sedation may result. Propofol has been used with success in foals.

15. How do I achieve venous access in a neonate?

If the animal is large enough, standard over-the-needle catheters may be used at the typical sites (cephalic, saphenous, jugular veins). Intraosseous catheters or needles may be used in animals in which veins are too small or otherwise inaccessible.

16. Should I give fluids during anesthesia?

Some procedures may be short enough that attempting intravenous or intraosseous access may excessively prolong the procedure. However, my rule of thumb is, if I would give fluids to an adult for cardiovascular support for the procedure, I will try to do the same for a neonate. Care must be taken to prevent volume overload; using a syringe pump, buretrol, or at least a microdrip set will help prevent accidental administrations of high volumes of fluid. Typically, 5-10 ml/kglhr of LRS or 0.9% NaCI with dextrose added (2.5-5.0% final dextrose concentration) are administered via the intravenous or intraosseous routes.
