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Abstract

The rapid growth of nurse anesthetists within surgical and other health settings has helped to improve available, cost-effective services for patients. Nurse anesthetists have a vital role in the management of the perioperative patient as well as in the provision of clinical support services outside the operating suite. As experienced anesthesia clinicians, they are able to assist in the education and training of new nursing and medical staff in the provision of safe and appropriate care during varied anesthesia procedures, including pre- and post-anesthesia care. With such a wide array of responsibilities, nurse anesthetists must possess a broad field of clinical knowledge.
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1. Important risk factors for patients who are scheduled for anesthesia include
a. adverse side effects from anesthesia.
b. exposed to waste, anesthetic gases.
c. the patient’s preoperative medical condition.
d. post-operative fasting.
2. True or False: Anesthesia procedures are ordinarily stressful events, which can precipitate functional decline.
a. True

b. False
3. When assessing the anesthesia risk of infants, it is important to classify them
a. as neonates or infants.
b. based on adjusted body weight (ABW).
c. because they do not fast prior to the procedure.
d. All of the above
4. Anesthetic considerations in neonatal surgeries generally are based on the _________________ of the various systems of the newborn.

a. dysfunction
b. disruption in development
c. physiologic immaturity
d. None of the above
5. ______________ is routinely used in neonates, but the recommendation is that it should be used with caution in children with heart disease and pulmonary hypertension.

a. Propofol
b. Paracetamol
c. Midazolam
d. Rocuronium
Introduction
Anesthesia involves medication given to relieve pain and sensation during a medical procedure such as during surgery; however, anesthetic procedures are not the same for all individuals and age groups. Newborns and pre-term infants have bodily organs that are immature at birth so special consideration must be given to this age group when administering anesthesia. On the other hand, the elderly experience a decline in vital organ functions, so the elderly have unique challenges as well with anesthetic care. Other risk factors for patients who are scheduled for anesthesia are obesity, substance use disorder, preoperative fasting, and the patient’s preoperative medical condition. In addition to these pre-procedure concerns, special consideration must be given to the patient who experiences adverse side effects after the administration of anesthesia. Finally, the anesthetist and health team should be aware of the health risks they may be exposed to because of waste, anesthetic gases, that escapes during administration of general anesthesia.
Anesthesia And The Newborn Patient
Advances in the perioperative management of the newborn have decreased the incidence of morbidity and mortality, mainly related to cardiac and respiratory events, in this age group. However, anesthesiology and surgical teams are still facing many challenges due to the physiology and the effects of new techniques and varied anesthetic drugs on the newborn. Anesthetic considerations in neonatal surgeries are based on the physiologic immaturity of the various systems of the newborn, associated congenital disorders, and the poor tolerance of anesthetic drugs in this specific population.34,35
When assessing the anesthesia risk of infants, it is important to classify them as neonates if they are in their first months of life or infants if they are in their first year. Neonates are subdivided into two groups: preterm neonates who have less than 37 weeks post menstrual age (PMA) and infants who were born preterm but have reached a chronological age that makes them older than 37 weeks PMA.34 A lower PMA is associated with increased morbidity and mortality. According to certain studies, approximately 20% of preterm infants undergo a surgical procedure before being discharged from the neonatal care unit due to complications of prematurity.36 Infants born with severe congenital anomalies are more likely to require surgery early in their life. Furthermore, the latter group may also present concomitant congenital cardiac defects, which may complicate the conduct of anesthesia.

Due to an increased rate of premature births in the U.S., a consequence of the higher incidence of multiple births and older maternal age, anesthetists must be prepared to manage preterm, neonate patients. Specifically, the newborns’ physiology needs to be taken into consideration when planning anesthesia for this group of very vulnerable patients. This means that knowledge of neonate physiology is key to understanding the principles that guide anesthesiology in newborn infants. The main features of a preterm newborn’s physiology are summarized in the next section.34-45
Physiological Characteristics of the Preterm Newborn
Important physiological characteristics that must be considered in preterm newborns include the cardiovascular system, the respiratory system, renal and hepatic systems, and the central nervous system.
Cardiovascular System
Cardiac function in premature infants is limited because the myocardium has a limited compliance. A common abnormality in premature infants is the patent ductus arteriosus (PDA) with left to right or right to left cardiac shunt. This condition requires from the anesthetist to take the measurements of oxygen saturation levels both at a preductal site (right upper extremity) and post ductal site (left upper and either lower extremity). Hypothermia, hypoxia, acidosis, and surgical stress can reopen their PDA.
Respiratory System

Pulmonary surfactant is made up of lipids and proteins. Type II epithelial cells secrete it into the alveolar space. Pulmonary surfactant is important because it reduces the surface tension as air and liquid interface in the lung. 

Pulmonary surfactant is not produced until 34-36 weeks gestation. Without pulmonary surfactant, surgeons and anesthetists face the challenge of lowering surface tension in premature infants to facilitate alveolar opening and prevent the collapse at the end of expiration. Steroids are given to the mother during the preterm labor to induce surfactant production and administration of surfactant immediately after birth may improve in some way the ventilation of these babies and reduce the risk of respiratory distress. 
Babies have a high oxygen consumption in order to meet their high metabolic rate (more than twice those of adults per body weight) and a low pulmonary residual capacity, which puts them at higher risk for hypoxia if ventilation is interrupted.
Renal and Hepatic Systems

Premature infants have a lower glomerular filtration rate leading to impaired renal clearance of medications. They are unable to concentrate their urine therefore they cannot compensate for water loss through wounds and skin –preterm infants are unable to retain sodium, have high levels of antidiuretic hormone, and for this reason they can develop hyponatremia. Because their liver function is immature, the metabolism of common anesthetic drugs and antibiotics is decreased and their glycogen reserve is limited, which makes them prone to hypoglycemia.
Central Nervous System
Research has clearly demonstrated that preterm infants are able to perceive pain even at the lower limit of viability. Pain receptors are developed by 20 weeks of gestation and ascending pain pathways, including the transduction of pain signals, the transmission and the cortical perception with the necessary neurotransmitters are well established by 23 weeks. However, the descending inhibitory pathways and their associated neurotransmitters are immature and will not develop until 4-8 weeks in postnatal life. Because the afferent excitatory neurotransmitters are not balanced by the efferent inhibitory neurotransmitters, preterm infants are exposed in fact to greater pain sensitivity and intensity than older infants. Pain in the premature infant is difficult to assess. A caregiver can only assume the presence of pain but not its intensity since the caregiver’s judgment is based on indirect indicators such as heart rate and oxygen saturation modifications and limited facial expression such as a brow bulge, eye squeeze and nasolabial furrow. 
A multicenter study on epidemiology of neonatal pain reported that each neonate was exposed to a median of 75 painful procedures during the [image: image2.png]


course of their stay in the neonatal care unit, with at least ten painful procedures per day of hospitalization. Among a total of 42,413 painful procedures 79.2% were performed without analgesia. Studies suggest that repeated painful procedures early in life might permanently disrupt the developing central nervous system and be responsible for the development of chronic pain among other dysfunctions.
Based on available evidence, treatment is indicated for all ranges of pain from minor procedural pain to major surgery as well as stressful events including mechanical ventilation. There has been some concern about the effects that anesthetic agents may have on the developing neonate brain, based on animal models. Basic research scientists have demonstrated that anesthetic agents induced several cellular alterations in the nervous tissue such as apoptosis (programmed cell death) and led to neurocognitive deficits in laboratory models. Following these findings, several epidemiological studies were undertaken to determine whether exposure to anesthetics agents in infancy can lead to learning disabilities but they led to inconsistent results. Nevertheless, these studies have created a more robust interest for further exploration of this association. 

Intraventricular Hemorrhage

Intraventricular hemorrhage occurs in 25% of very low birth weight premature babies, and is a very severe complication, which potentially leads to cerebral palsy. The risks factors of intraventricular hemorrhage include hypotension and aggressive fluid administration.
Retinopathy

Retinopathy caused by prematurity, also called oxygen-induced retinopathy, can lead to retinal neovascularization, secondary retinal detachment and blindness; it is typically present in premature babies exposed to oxygen after birth. Anesthetists must limit the administration of oxygen to preterm infants as much as possible, and aim for oxygen saturation in the low 90 percent.
Hematologic System
A premature infant has a lower level of hemoglobin, with a greater proportion of fetal hemoglobin. Fetal hemoglobin has a decreased ability to release oxygen; thus, to maintain the recommended hematocrit level of 40%-45%, blood transfusions may be required in these patients. 
Temperature
Premature babies have a relative large surface area to body weight ratio. They are vulnerable to heat loss through the thin and poorly keratinized skin and a limited heat production via brown fat metabolism, so an adequate thermal environment before, during and after anesthesia should be provided. Temperature dysregulation may lead to hypoglycemia, increased oxygen requirements and increased incidence of apneas.
Anesthesia Considerations in Neonates and Infants
With regard to the drugs used to balance anesthesia, data from the literature provides enough evidence that pediatric dosing cannot be derived from a straightforward calculation based on weight as compared with the adult dosing. This is important because most of the common drugs used in pediatric anesthesia care have been tested and validated in the adult population only. Drug clearance in neonates and infants is variable and cannot be predicted based on adult data so the doses, the intervals and the result of exposure to multiple agents need to be evaluated for this patient population.
Inhalational Agents

Inhalational agents (sevoflurane in neonates as young as 9 days of age, and desflurane in infants as young as 2 years of age) appear to be safe to use, although there have been reports of neurotoxic effects on the fetus and newborn animal models.
Propofol

Propofol can be administered for induction down to 3 years of age and for maintenance down to 2 months of age. 
Midazolam

Midazolam is routinely used in neonates, but the recommendation is that it should be used with caution in children with heart disease and pulmonary hypertension. Furthermore, a Cochrane review raised the issue of neurologic adverse effects with midazolam. A pilot NOPAIN trial, where mechanically ventilated preterm infants were assigned to either midazolam, morphine or placebo groups, found that infants in the midazolam group had higher composite outcome of severe intraventricular hemorrhage, periventricular leukomalacia or death compared to infants in the morphine group.
Rocuronium

Rocuronium is the only muscle relaxant that has been studied in newborn infants. 
Opioids

Among the opioids, the use of remifentanil has been reported to be safe and efficient in premature infants. Morphine, which is commonly used in the neonatal intensive care unit for analgesia, has been associated with an increased incidence of intraventricular hemorrhage and electroencephalographic alterations.
Hemodynamic effects have been identified as a contributing factor to the association between morphine and acute brain injury. This adverse effect is more pronounced in preterm infants with preexisting hypotension and may contribute to intraventricular hemorrhage. Intravenous acetaminophen (paracetamol) has been shown to minimize opioid requirements in infants during the postoperative period of non-cardiac surgery.
Pre-operative Assessment for the Neonate 
Preoperative assessment should include, besides the physical examination, a detailed history with gestational age, significant events at birth such as Apgar score, meconium aspiration, and if the newborn received ventilation support at that time. Neonates are prone to hypoglycemia and dehydration so laboratory examination should include electrolyte levels, hematocrit, glucose and calcium. Starvation times should be minimized and will have to be corrected intraoperatively. Crossmatch should be taken if blood loss is anticipated to be greater than 10% of blood volume.

The planning of the anesthesia should be discussed with the parents, particularly the issues of pain relief, invasive monitoring and blood transfusion. Premedication is not recommended to avoid the depressant effect on the respiratory system with the exception of atropine as in certain cases it will prevent transient bradycardia. Vitamin K should be administered routinely before surgery.38
Intra-operative Procedure for the Neonate
A pediatric breathing circuit with appropriate accessories should be available and checked prior to the start of the procedure. In prevision of the intubation, the anesthetist should have at his/her disposal a 3.5 mm size internal diameter endotracheal tube (for full term neonates) or a 2.53 mm for premature babies. In the same manner, the blades for laryngoscope are Miller size 0, the laryngeal mask size 0 and the face mask size 000 should be available. Tracheomalacia present in these patients may complicate the induction when using mask ventilation.34,38 Inhalational induction is preferred. The position of the endotracheal tube should be confirmed by auscultation. An orogastric tube is placed to decompress the stomach and facilitate the ventilation. The ventilator should be able to deliver pressure-controlled ventilation with positive end-expiratory pressure (PEEP).

The dosage of analgesics should be carefully adapted. Paracetamol is commonly used intravenously with appropriate dosage based on the gestational age. Non-steroid anti-inflammatory drugs (NSAIDS) are contraindicated due to renal immaturity and the use of opiates should be minimized as it can lead to increased risk of apneas. Neonates are extremely susceptible to hypothermia, which can result in pulmonary hypertension, delayed drug metabolism, hypoxia and apnea. In order to help maintain normothermia in this vulnerable population, the anesthetist will use a heated mattress, warm inspired gases, warm antiseptic solution, and warm intravenous fluids. The temperature will be recorded via an esophageal or rectal probe. The operating room temperature should be set at 25 oC. 

In addition to usual monitoring with a pulse oximeter, capnograph, electrocardiogram (ECG) and non-invasive blood pressure measurement device (as in adults), critically ill neonates will require an intra-arterial catheter and a central venous pressure catheter. The latter is placed in the jugular vein both for monitoring and intravenous access. Urine output measurement is advised in case a major surgery is planned. With regards to fluid administration, hypotonic glucose solutions are for maintenance while isotonic fluid is indicated as a replacement for small blood loss (operative fluid). The maintenance fluid is run at 4ml/kg/hour and the operative fluid is administered at a rate of 3-10 ml/kg/hour, using an infusion pump to prevent excessive dosage. In parallel to this infusion blood glucose measurement should be regularly assessed. Hypoglycemia during the first three days of life is defined as a blood glucose level under 45 mg/dl. Thereafter, hypoglycemia is diagnosed when glucose level falls below 75mg/dl.

Post-operative Care for the Neonate
During the emergence phase of general anesthesia, one must ensure that the neonate is back to normal strength as witnessed by arm lifting and hip flexion, breathes normally, and has normal clinical parameters (respiratory pattern, heart rate, oxygen saturation, blood pressure), before performing the extubation. All premature babies with less than 37 weeks of gestation present a higher risk for post-anesthetic apnea (PAA), regardless of the type of anesthesia. Apneas are defined as pauses in breathing greater than 20 seconds or altered breathing associated with bradycardia. They usually occur within the first 12 hours after surgery and may persist for up to 72 hours.  Babies with anemia, neurological disease, and lung pathology are more susceptible to apneas. Hypothermia, hypoglycemia, hypoxia and septicemia are considered as predisposing conditions as well. The risk of postoperative apnea persists until the postmenstrual age of 60 weeks.34-36
Blood Transfusion in the Preterm Infant
Given the fact that blood volume in a 800 grams preterm is 95 to 100ml, even what appears to be a small amount of bleeding can have a significant impact in the recovery of the preterm infant. When required, blood transfusion must be done slowly. For example, a 10 ml syringe of packed cells delivered in less than 1 minute will increase the blood volume by 10 percent.38
Progress of Surgical Techniques in Pediatric Patients
The indications of surgery in pediatrics consist for the most part in serious congenital pathologies, which need to be treated in an emergency. Pediatric surgeons are increasingly using minimally invasive methods for the obvious advantages of smaller incisions and shorter durations of anesthesia. However, these methods present additional challenges to anesthetists because they include thoracic procedures that may involve lung resections, congenital diaphragmatic hernia and tracheal-esophageal fistula management. During these procedures, the anesthesia team may have to resort to single lung anesthesia for example by placing a catheter into a main bronchus through the endotracheal tube, and visualize the pleural space by low flow insufflations of CO2. These procedures are often accompanied with hypotension, respiratory acidosis, hypercapnia and

hypothermia, which need to be managed intraoperatively.34,35
Regional Anesthesia in the Newborn
There is a renewed interest in regional anesthesia because of the concerns about neurotoxicity of anesthetic agents and post-operative apnea in the newborn. Spinal anesthesia can be used as an adjunctive regimen to reduce the amount of general anesthetic exposure in complex congenital heart disease, for example. It also can be used alone or in combination with epidural in procedures such as inguinal repair, exploratory laparotomy, repair of gastroschisis, pylorotomyotomy, patent ductus arteriosus, orthopedic procedures and meningomyelocele repair.
The extremity of the spinal cord in neonates is generally between L2-L3 and compared to adults, neonates have more spinal fluid per body weight, and thus require a larger dose per body weight. Local anesthetic toxicity is another issue of concern, mainly due to a decreased clearance of the drug. Ester local anesthetics such as procaine are preferred because they are degraded in the plasma rather than in the liver. The success rate of spinal anesthesia is institution-dependent and varies widely.35,39,46
Infant spinal anesthesia has been found time-efficient, as it does not require tracheal extubation and stabilization before the patient can be transported to the postanesthesia care unit. However, this technique in infants allows only for shorter procedures even when compared to spinal anesthesia in adults. Based on a study, conversion to general anesthesia has been necessary in only 1.2% of patients.46 Caudal epidural anesthesia applied in the continuous mode with an in situ catheter, has the advantage to allow for longer duration of procedures with lower volume of drugs.38
Another study found that spinal anesthesia is an appropriate alternative to general anesthesia for lower abdominal and lower extremity surgery in infants. However, given the high rate of failure of regional anesthesia reported in certain series (20%), having a back-up plan for general anesthesia was emphasized.47 Spinal anesthesia has been reported to be associated with a decreased incidence of postoperative apnea. A study by Davidson, et al., has shown regional anesthesia was accompanied by lower rates of apnea than general anesthesia. These findings have been confirmed by several studies in the 1980s and have been reaffirmed more recently.46-49 On the other hand, other studies found that the rate of apnea is greater than in general anesthesia when regional anesthesia is supplemented by sedatives.36 Finally, despite the theoretical benefits to regional anesthesia in neonates such as decreased stress responses, less anesthetic exposure, and lower incidence of apnea, it seems that the risks of regional anesthesia are not clearly characterized at this time and need more epidemiological studies in this category of patients.
Anesthesia And The Elderly Patient
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Due to the progress in medicine and healthcare, the proportion of elderly individuals is growing in relation to the global population. Aging is a physiological process, which leads progressively to a decline of the function of all organs. This process is complex due to the influence of numerous intervening factors such as lifestyle, environment, genetics, social interaction and chronic diseases. 
Elderly patients have a higher prevalence of morbid conditions such as hypertension, heart failure, chronic obstructive disease, kidney impairment and mental disorders. They are often over medicated, which lead to increased risk of adverse drug effects as well as medication errors. Furthermore, they can be functionally dependent with hearing or visual impairments. In such situations, the anesthetist should keep an open line of communication with the caregiver or helper throughout the steps of pre-assessment for anesthesia until the day of discharge. 
Anesthesia procedures are ordinarily stressful events, which can precipitate functional decline. When planning anesthesia in an elderly person, it is important to keep in mind that the main focus of care should be the preservation of organ function. The caregiver must take the measures necessary to minimize this stress whenever possible.48
Elderly are generally more sensitive to sedatives and analgesics and may have concomitant kidney or liver impairment, resulting in a variation in both of the pharmacokinetics and the pharmacodynamics properties of the drugs. Therefore, the dosing should be carefully estimated. The golden rule is start low-go slow. Light sedation with anxiolytics is safe. A deep sedation mandates continuous monitoring of vital functions. Multimodal analgesia with different adjuvants seems beneficial, except for the anti-inflammatory drugs, which have to be used with caution due to gastric bleeding and renal side effects. General anesthesia can be performed as TIVA or with inhaled anesthetics. During the postoperative course, elderly patients are more prone to developing postoperative delirium, cognitive dysfunction, infections (particularly of a nocosomial type), thromboembolic events, dehydration, and poor nutrition.

Regional anesthesia, including neuraxial techniques, has been proposed as the method of choice in the growing geriatric population where hip fracture is the second leading cause of hospitalization. Using a spinal anesthesia in the elderly patient has the advantages of being associated to less deep vein thrombosis, less postoperative cognitive dysfunction, fewer cases of pneumonia and pulmonary embolism, and a faster recovery.10,48,49
Anesthesia And Obesity
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In 2015, the Centers for Disease Control and Prevention (CDC) reported that 36.5% of U.S adults are obese. Moreover, obesity was found to be more prevalent among middle-aged individuals whose age ranged between 40-59 years old (40.2%) and older adults age 60 and over (37%) than among younger adults (32.3%).50
Not all fat in the body is equal in relation to morbidity. Unlike peripheral fat, intra-abdominal fat, also called visceral fat or central obesity, is highly metabolically active. Patients with centrally distributed fat are at a greater peri-operative risk than those who have a peripherally distributed fat, and are likely to develop hypertension and insulin resistance, sleep-disordered breathing, and other pathologic conditions which will complicate the anesthesia process. According to the American Society of Anesthesiologists, patients morbidly obese are classified as ASA III for the risk evaluation.
Central obesity can be defined as a waist circumference greater than 88 cm in women and 102 cm in men or a waist-to-height ratio greater than 0.55.

Ideal body weight (IBW) is defined as what the patient should weigh with a normal ratio of lean to fat mass; it is approximated to a function of height and sex:50,51 
IBW (kg) = Height (cm) –X (X= 105 in females and 100 in males)

Lean body weight (LBW) is the patient’s weight excluding the fat. It can be calculated using Janmahasatian et al., formula.
LBW (kg) =     9270 x TBW (kg)         Men             
 6680 + (216 x BMI kg.m-2 
LBW (kg) =     9270 x TBW (kg)         Women             
 8780 + (244 x BMI kg.m-2 
Adjusted body weight (ABW) takes into account lean body mass and the volume of distribution for drugs, which are both increased in obese individuals. It can be calculated by adding 40% of the excess weight to the IBW and using the formula: 

ABW (kg) = IBW (kg) + 0.4 [TBW (kg) –IBW (kg)]
These formulae are useful to determine the appropriate dose of anesthetics to be administered in an obese patient. The current practice in bariatric anesthesia relies on LBW and ABW for calculating initial anesthetic drug, rather than on total body weight. Although it is reasonable to assume that lipophilic drugs will have a larger volume of distribution than hydrophilic ones, there is evidence that the changes in volume distribution are drug-specific, and for most anesthetic drug dosing to total body weight expose the obese patient to overdose.
It has been suggested that the initial dosing for common drugs such as propofol (induction), fentanyl, rocuronium, atracurium, morphine, paracetamol, bupivacaine and lidocaine should be based on lean body weight. On the other hand, the doses for propofol (for maintenance), antibiotics, low molecular weight heparin, neostigmine, sugammadex should be based on adjusted body weight.50,51
Pre-operative Assessment of the Obese Patient
Anamnesis of the obese patient will focus on history of ischemic heart disease, thrombosis and diabetes as these pathologies are more prevalent in this population. Patients with a history of sleep-disordered breathing including obstructive sleep apnea, and obesity hypoventilation syndrome, will be difficult to intubate and more susceptible to the effects of anesthetic agents and opioids. Asthma is often underdiagnosed in obese patients because respiratory symptoms are frequently attributed to being overweight.
Respiratory Assessment of the Obese Patient
Clinical evaluation of the respiratory system will aim at the identification of functional restrictions. Indicators of significant underlying respiratory disease that will mandate further exploration are:
· Arterial saturation <95%

· Forced vital capacity<3 L or forced expiratory volume in 1 sec <1.5 L
· Respiratory wheeze at rest
· Serum bicarbonate concentration >27 mmol-1
Screening for sleep-disordered breathing can be performed with the STOP-Bang questionnaire.52
Airway Assessment

Obesity is associated with a 30% higher incidence of failed intubation. A neck circumference greater than 60 cm has been associated with a 35% probability of difficult tracheal intubation. Mask positioning and ventilation are also difficult to achieve in obese patients.
Regional Anesthesia for the Obese Patient
Regional anesthesia is preferred to general anesthesia where possible. However, there is a high risk of failure of this technique in obese patients. If sedation is required, it should remain light. Spinal injection will be performed in a sitting position (more comfortable), with the bed tilted towards the operator so that the patient leans forward naturally. The dose of the local anesthetic drug will be based on lean body weight.
General Anesthesia for the Obese Patient
As a general rule to follow in obese patients, if general anesthesia cannot be avoided, drugs with fast onset and offset are the agents of choice, and intubation with controlled ventilation is the best airway management. It is recommended that it be assumed all obese patients have some degree of sleep-disordered breathing, and planning of the anesthesia procedure should be done accordingly. 
Monitoring the depth of anesthesia will minimize the anesthetic drug load. To maintain a compatible level of blockade, and ensure complete reversal before the recovery, neuromuscular monitoring is necessary. A multimodal approach to analgesia including local anesthetics should be applied in order to limit the use of opioids. It is useful to remember when selecting the tracheal tube, that there is a slight reduction of the tracheal diameter with increasing body mass index. Since intravenous access may also be difficult in obese patients it is recommended to place two intravenous cannulas, considering for that matter even unusual sites such as the upper arm or anterior chest wall, unless a central venous access is indicated for monitoring of the case. 
Induction Phase 
Obese patients are maintained at a 30-degree angle (a default position for all obese persons), while in supine position on the operating table, to improve mask position and ventilation, as well as laryngoscopy viewing for safe intubation. 
A laborious or failed laryngoscopy should be handled according to the Difficult Airway Society Guidelines (DAS). These guidelines comprise flowcharts containing a series of plans to be used should an unanticipated difficulty arise during tracheal intubation. The two main principles that need to be highlighted in accordance with these guidelines are the maintenance of oxygenation as a priority at all stages of the execution of the plans, and the need to seek the best assistance possible as soon as a difficult laryngoscopy is recognized.51-53 The plans are labelled A to D; they are briefly summarized as follows:
· Plan A: Consists in the initial tracheal intubation.
· Plan B: Is to perform a secondary intubation plan with an intubating laryngeal mask device when A has failed.
· Plan C: Involves maintaining oxygenation and ventilation, postponing elective surgery and awakening the patient if B failed.
· Plan D: Is known as the “can’t intubate can’t ventilate” state, and is characterized with increasing hypoxemia and difficult ventilation in a paralyzed, anesthetized patient; and, requires rescue techniques, starting with cannula cricothyroidotomy or as a second option, surgical cricothyroidotomy, both of which can have serious complications, and are reserved to life-threatening situations only.
Amino steroids such as rocuronium are the preferred neuromuscular blocking agents as their action can be quickly reversed with a pre-calculated dose of sugammadex if required in emergency.51
Maintenance Phase
Once the intubation has been successfully achieved, administration of maintenance drugs should not be delayed to avoid inadvertent awareness due to the rapid sequestration of the bolus of induction in the large fat tissue compartment. Fat-insoluble volatile agents such as desflurane and sevoflurane have a faster onset and offset than isoflurane.51
Recovery Phase
A reversal of neuromuscular blockade guided by a nerve stimulator should be achieved before waking the patient and the extubation should be performed with a patient awake and in a sitting position. Patients with a confirmed obstructive sleep apnea should be equipped with a nasopharyngeal airway since obstruction is commonly observed during the recovery in these patients.
Postoperative Care

Full monitoring and oxygen therapy should be continued to maintain pre-operative levels of arterial oxygen saturation. If the patient was using a continuous positive airway pressure (CPAP) therapy before the surgery, it should be resumed. Thromboprophylaxis, including early mobilization and low molecular weight heparins are recommended since obesity is a well-known risk factor for vein thrombosis.51
Complications of Anesthesia in Obese Patients
Rhabdomyolysis is a rare clinical and biochemical syndrome characterized by skeletal muscle necrosis with the release of intracellular enzymes into the circulation. This syndrome has been observed in morbidly obese patients. Depending on the severity of the necrosis and the levels of enzymes released, this complication can be life-threatening leading to acute kidney failure. This disorder has been attributed to prolonged and excessive position-dependent muscle compression. 
Other risks factors include hypotension, immobility and dehydration. A warning sign such as a deep tissue pain, classically in the buttocks, should prompt a measurement of serum creatinine kinase, and aggressive fluid therapy and diuretics, to prevent acute kidney injury in these patients. Acute kidney failure has been reported to occur in 20-50% of patients with rhabdomyolysis.54,55 Prevention of this potentially fatal complication consists in a careful positioning of the patient aided by padding placed in the areas of greater pressure, as well as by limiting the duration of the surgery.51,55
Anesthesia And Substance Use Disorders 
The spectrum of illicit substances available to the user is constantly increasing, as well as the prevalence of alcoholism and drug addiction in the general population. It may happen that alcoholics and drug addicts arrive for surgery while acutely intoxicated, posing a challenge to the anesthesia team.
Alcohol Use
The National Institute of Health (NIH) reported in 2014 that 24.7% of people aged 18 and older engaged in binge drinking, while 6.7% said they engaged in heavy drinking. In the adult population 18 years and older, 6.8% had an alcohol use disorder (AUD), and an estimated 2.7% of adolescents between 12 and 17 years have been reported as having an AUD. Moreover, fatalities due to drunk driving were estimated to be 31% of overall fatalities.64
Preoperative Preparation 
A history of chronic alcohol use should be carefully researched in all adolescents and adults during the preoperative assessment for both general and regional anesthesia. Two questionnaires, named CAGE and AUD tests, have been found useful to detect a chronic abuse.65,66 If this is the case, the anesthetist’s examination should focus on the cardiovascular and nervous systems including autonomic or peripheral neuropathies, and liver function. The presence of a prolonged prothrombin time with hematological anomalies is not a rare finding as it may be an early manifestation of liver disease; Vitamin K, clotting factors or platelets may sometimes be administered before surgery to correct this coagulopathy. Data from the literature suggest that one-month of abstinence from alcohol use before surgery significantly decreased morbidity and mortality. Consequently, the course of elective surgeries may benefit from the implementation of abstinence from alcohol for a month before the date of surgery, as a precautionary measure.66
Intraoperative Drug Adjustments
Patients who suffer from chronic alcoholism require a greater amount of anesthetic drugs. This is thought as being caused primarily by an increased activity of the microsomal ethanol-oxidizing system, which is induced by the activation of a specific cytochrome P-450 2E1,110 responsible for enhanced oxidation of ethanol. Conversely, elevated blood ethanol concentration has been shown to be accompanied with competitive inhibition of metabolic enzymes, which can increase the sensitivity to others drugs. For example, volatile inhaling agents compete with ethanol for binding on GABA and other receptors. 
Effective doses of propofol, thiopental and opioids are increased in conjunction with alcohol. The resulting increased anesthetic requirements may decompensate the already compromised cardiovascular system in a patient who may already suffer from cardiac disease, neuropathy or dehydration. Anesthetists should be aware that due to liver impaired function, anesthetic drugs and neuromuscular blocking agents that undergo hepatic metabolism will likely have a prolonged duration of action in these patients.65
Postoperative Complications
Chronic alcohol use is associated with a 2- to 5-fold increase in post-operative complications. The incidence of bleeding is higher due to depletion in coagulation factors and platelets. These patients have a reduced adrenal gland and immune response, which can expose them to an increased risk of surgical wound, respiratory, and urinary tract infections. In addition, the increased metabolic demand with electrolyte and blood pressure disturbances, produced by major surgery, may exacerbate an existing cardiomyopathy leading to arrhythmias and coronary syndrome. Alcohol abuse is also considered a risk factor for post-operative delirium. 
Tobacco Use
Despite strict measures to limit tobacco use in the population, smoking remains the number one preventable cause of morbidity and mortality worldwide. Approximately 10 million smokers are scheduled for elective surgery, each year in the United States.67,68 The addictive nature of tobacco is due to its main ingredient nicotine. In a cigarette smoke nicotine and carbon monoxide are the main harmful compounds that need to be taken in consideration in relation to anesthesia.
Effects of Nicotine and Carbon Monoxide 

Cardiovascular System:
Nicotine stimulates the adrenal gland and the sympathetic system increasing the heart rate and affecting blood pressure. Vasoconstriction of peripheral arteries increases peripheral vascular resistance. Vasoconstriction of coronary arteries impairs blood flow regulation. Increased myocardial contractility leads to an increased oxygen demand and consumption precipitating ischemia. Furthermore, binding of carbon monoxide with cytochrome oxidase and myoglobin results in inactivation of the mitochondrial enzymes of the cardiomyocyte and ultimately to chronic tissue hypoxia. The stimulant effects of nicotine put the patient at risk for developing arrhythmias and ventricular fibrillation. These effects have been shown to dissipate 15 to 30 minutes after cessation of inhalation due to the relatively short plasma half-life of nicotine. Smokers have a higher incidence of atherosclerosis, myocardial infarction and peripheral disease.68-70
Respiratory System:
Smoking has several detrimental consequences on pulmonary function. The first type of pulmonary alterations caused by the irritants in the smoke is located in the central airways and marked with loss of cilia, mucus gland hyperplasia and increased goblet cells leading to overproduction of sputum. The second consequence involves the peripheral airway and is marked by chronic inflammation, smooth muscle atrophy and mucous plugging. 
Smokers have a higher incidence of lung infection, chronic bronchitis and chronic obstructive pulmonary disease. Smoking also affects oxygen transport. Both carbon monoxide and oxygen bind to the alpha chain of the hemoglobin, however the affinity of carbon monoxide is 250 times greater than oxygen. This results in a reduction of hemoglobin capacity to carry oxygen and thus to a reduced oxygen delivery to the tissues.68,70
Smoking induces liver microsomal enzymes increasing the metabolism of certain drugs. Chronic smokers require higher doses of analgesics.
Perioperative Preventive Measures
Smokers are advised to quit smoking at least four to six weeks prior to surgery to help improve the ciliary function and the small airway narrowing, and to decrease sputum. Although, eight weeks of complete abstinence from smoking has been shown to lead to better improvement such as regrowth of cilia and recovery of full pulmonary function provided no irreversible damage was already manifest. If the preanesthetic assessment is performed on the eve of the surgery, the patient should be advised to refrain from smoking for a minimum of 12 hours to allow the elimination of carboxyhemoglobin. As reported in the literature, a carboxyhemoglobin level of 15% can reduce oxygen availability by 25%, enhancing risk for patients with coronary heart disease to the point that it may justify a postponement of surgery.68,70
During the intraoperative phase of anesthesia one should be aware that cholinergic drugs (which cause histamine release or a physical stimulus induced by ventilation or the endotracheal tube) may trigger a bronchospasm. Postoperatively, pain management should be adequate particularly in abdominal surgery, where pain elicited by inadvertent coughing to clear the airway passage may aggravate the respiratory condition and even lead to post obstructive pneumonia.68,70 Surprisingly, stopping smoking before surgery in asthmatics may worsen their symptoms and increase the risk of bronchospasm during anesthesia.70 Regional anesthesia seems to be preferable wherever possible, as it allows avoiding airway manipulation.70,71
Marijuana (Cannabis) Use
Marijuana (cannabis) and tobacco use have many characteristics in common, such as coughing, increased sputum production and the propensity to develop airway hyperactivity. Low to moderate doses of cannabis stimulate sympathetic activity and decrease parasympathetic activity and cardiac output.72 In high doses it decreases the sympathetic system, causes vasodilation and hypotension. Cross-tolerance with alcohol, barbiturates, benzodiazepines, and phenothiazines has been observed in the chronic user. 
Cannabis enhances the effects of inhalational agents resulting in myocardial depression. The administration of opioids in marijuana users produces respiratory depression. Ketamine, pancuronium, atropine, and epinephrine should be avoided. Although marijuana smoke contains about the same amount of carbon monoxide as tobacco smoke, the resulting carboxyhemoglobin can be 5 times higher due to the tendency of marijuana smokers to hold the smoke for longer times.68,71 Based on a clinical study, the failure of spinal anesthesia was higher in addicts to marijuana, tramadol and clonazepam, than in subjects without addiction; the authors of the study also observed a delayed onset and a decreased duration of both sensory and motor block, with a higher incidence of hypotension and nausea.16
Cocaine Use
Cocaine users are very difficult to manage under regional anesthesia due to their combative behavior and altered pain perception. Addicted patients may exhibit hypertension or ephedrine-resistant hypotension. Induction phase of general anesthesia is marked by hypertension; they may also present with cardiac arrhythmias and myocardial infarction. Ketamine, etomidate and succinylcholine should be avoided. A free interval of at least one week is recommended in chronic users before surgery.71
Amphetamine Use
Amphetamines are the most abused neurostimulant drugs taken via snorting, smoking or ingestion routes. They are known for their euphoria inducing and appetite suppression effects, decreased fatigue and increased alertness. The signs of acute intoxication include hypertension, tachycardia, arrhythmias, mydriasis and confusion, while chronic use leads to decreased catecholamines, somnolence and psychotic state, ultimately. Acute intoxication decreases the minimum alveolar concentration (MAC) of inhalational agents while chronic use increases the MAC. Regional anesthesia in amphetamine users is accompanied by a severe refractory hypotension.71
Hallucinogen (Ecstasy) Use
Ecstasy activates the sympathetic nervous system producing tachycardia, hypertension, hyperthermia and mydriasis. An overdose can lead to respiratory depression, coma and death. Electrolytes should be monitored in ecstasy users as they seem to be prone to water intoxication. In an elective surgery setting, anesthesia should be postponed until the patient is stabilized. The anesthetist will use (with caution) opioids for their respiratory depressant effect, as well as sympathomimetics and ketamine. These patients might also present with liver and kidney failure; consequently, the drugs that are metabolized and cleared through liver and renal mechanisms will have a prolonged effect.69
General Anesthesia And Preoperative Fasting
Preoperative fasting73 is the prescribed period of time prior to the anesthesia procedure when patients are not allowed to take liquids or solids orally. This fast is a precautionary measure aimed at preventing perioperative pulmonary aspiration of gastric contents, which may occur after induction of anesthesia and lead to aspiration pneumonia, a very severe complication. 
The anesthetist should inform the patient of fasting requirements well in advance and verify the patient’s compliance at the time of the procedure. If the fasting recommendations have not been followed, the anesthetist in agreement with the surgeon should evaluate the risk and benefits of proceeding, with consideration given to the amount and type of food or liquids ingested. 
The guidelines that have been published by the American Society of Anesthesiologists (ASA) are valid for any elective procedure requiring general anesthesia, regional anesthesia, or sedation with analgesia. According to these guidelines, healthy adults should fast 6 hours or more from the intake of a light meal (i.e., toast and clear liquid); while for a meal that includes fatty, fried food, 8 hours are required. Fast from clear liquids should be maintained at least two hours before the surgery. By ASA definition, clear liquids include water, fruit juices without pulp, carbonated beverages, clear tea and black coffee, but not alcohol, and solid food includes candy and gum.
Healthy neonates (younger than 44 gestational weeks) and infants, should be kept fasting from the intake of breast milk at least 4 hours before elective surgery. If the neonate or infant is fed with baby formula, the fasting period should be at least 6 hours, and due to the fact that nonhuman milk is similar to solid food in gastric emptying time, the amount ingested is also important when determining fasting period.
With regards to the medications that block gastric secretions, which were previously prescribed as a preoperative routine in patients with no apparent risk of pulmonary aspiration, they are not recommended.
Risk Assessment And ASA Physical Status Classification 
Perioperative risk depends on the preoperative medical condition of the patient, the degree of invasiveness of the surgical procedure and the type of anesthesia. The ASA system of grading, which was originally introduced as a description of the physical status (PS), provides also a means to correlate the patient’s general health with the risk of anesthesia and surgery.74
	ASA PS Classification
	Definition
	Examples 

(including but not limited to)

	ASA I
	A Normal healthy patient

	Healthy, nonsmoking, no or minimal alcohol use

	ASA II
	A patient with mild disease
	Mild diseases only without substantive functional limitations. Examples include (but not limited to): current smoker, social alcohol drinker, pregnancy, obesity (30 < BMI < 40), well controlled DM/HTN, mild lung disease


	ASA III
	A patient with severe systemic disease
	Substantive functional limitations; One or more moderate to severe diseases. Examples include (but not limited to): poorly controlled DM or HTN, COPD, morbid obesity (BMI ≥40), active hepatitis, alcohol dependence or abuse, implanted pacemaker, moderate reduction of ejection fraction, ESRD undergoing regularly scheduled dialysis, premature infant PCA < 60 weeks, history (>3 months) of MI, CVA, TIA, or CAD/stents.


	ASA IV
	A patient with severe systemic disease that is a constant threat to life
	Examples include (but not limited to): recent (< 3 months) MI, CVA, TIA, or CAD/stents, ongoing cardiac ischemia or severe valve dysfunction, severe reduction of ejection fraction, sepsis, DIC, ARD or ESRD not undergoing regularly scheduled dialysis


	ASA V
	A moribund patient who is not expected to survive without the operation
	Examples include (but not limited to): ruptured abdominal/thoracic aneurysm, massive trauma, intracranial bleed with mass effect, ischemic bowel in the face of significant cardiac pathology or multiple organ/system dysfunction


	ASA VI
	A declared brain-dead patient whose organs are being removed for donor purposes

	


The addition of “E” denotes emergency surgery; an emergency is defined as existing when delay in treatment of the patient would lead to a significant increase in threat to life or body part.
Table from ASA Classification of Physical Status

	DM= diabetes mellitus

HTN= hypertension

BMI=body mass index

PCA= post-conceptual age

MI= myocardial infarction

CVA=cerebrovascular accident

TIA= transient ischemic attack

DIC= disseminated intravascular coagulation

CAD=coronary artery disease

ARD= acute respiratory disease

ESRD= end stage renal disease


Monitoring Vital Signs During General Anesthesia 
Regardless of the duration, location or mode of anesthesia there are minimum rules to abide by whenever a patient is anesthetized. Guidelines and standards are regularly updated by associations of anesthesiologists based on new developments of techniques and the results of meta-analysis studies. Recommendations made by the Association of Anesthetists of Great Britain & Ireland (AAGBI), and the American Society of anesthesiologists are summarized as follows:75,76
· Presence of the anesthetist throughout the conduct of regional and general anesthesia and monitored anesthesia care.
· All equipment must be checked before use and alarm systems enabled during the procedure.

· Minimum monitoring devices must be attached before induction and used until recovery of the patient. The patient’s oxygenation, ventilation, circulation and temperature shall be continually evaluated.
· Recording of a summary of the information provided by the monitors must be recorded in the anesthetic record.

· If it is mandatory to continue anesthesia without an essential monitor, the reasons should be noted in the anesthetic record with the weighing of risks and benefits.
· A request for additional equipment is left to the good judgment of the anesthetist.

· A minimum monitoring is also required during the transfer of anesthetized patients

· It is understood that the maintenance, renewal and calibration of the equipment are the responsibility of the institution where the procedure is delivered.
The anesthesia machine is a self-contained anesthesia gas delivery system, a carbon dioxide absorbing device, and a mechanical ventilator; it also has built in a variety of safety features to detect malfunction in gas delivery, oxygen delivery and ventilation. It can deliver up to three anesthetic gases by means of specific vaporizers which are cylindrical containers filled with liquid anesthetic agent. This liquid is converted to a vapor and delivered into the gas mixture before reaching the patient. The anesthesia machine delivers oxygen and nitrous oxide additionally. 
The machine has a breathing attachment, which consists in a system of lightweight hoses with two limbs; an inspiratory limb containing fresh gas and an expiratory limb containing expired gas. A normal adult breath is about 500 ml and a typical male adult at rest breathing inspires bout 7 liters per minute of breath, equivalent in fact to 250 ml per minute of oxygen. So the most efficient attachment requires slightly less than 7 liters per minute to prevent rebreathing. 
Expired gas contains less oxygen and less anesthetic vapor, and 5% of CO2. This expired air is recycled to make it breathable again using soda lime (calcium hydroxide). Calcium hydroxide traps CO2 to form calcium carbonate releasing moisture and heat and with the addition of oxygen an anesthetic vapor will make the expired gas match the fresh gas. The advantages of the recycling system are two-fold: economy and adaptability to a wide range of patients from infants to large adults. 
Every anesthetic machine has the capability to artificially inflate the lungs. Mechanical ventilation is based on the principle of intermittent positive pressure ventilation. Although light and spongy, healthy lung tissue is fragile and can be easily damaged by over-distension so inflating a patient’s lung is a delicate process. On the other hand, diseased lung tissue is heavy, sometimes water-clogged and difficult to inflate; it may even collapse, so applying higher pressure may just not be efficient. Therefore, it is the responsibility of the anesthetist to adjust every parameter of mechanical breathing; volume, pressure, frequency, ratio of inspiratory time to expiratory time.
Ventilators come with a volume control ventilation feature (VCV), which can deliver a preset volume at a constant flow. Because the peak inflation pressure varies with the patient’s compliance and airway resistance, the volume has to be adjusted to avoid atelectasis, and the respiratory rate adjusted for a reasonable end-tidal carbon dioxide during the monitoring.
Important Definitions and Terms
Tidal Volume 
Tidal volume represents the normal volume of air displaced, without exerting extra effort, between inspiration and expiration.
Positive End-Expiratory Pressure 
Positive End-Expiratory Pressure (PEEP) is the lung alveolar pressure that is present at the end of the expiration.
End-tidal CO2 
End-tidal CO2 (ET CO2) is the partial pressure or maximal concentration of CO2 at the end of the expiration and can be expressed in mmHg or as a percentage.
Typical Settings of VCV:

Tidal volume: 6-10 ml/kg body weight

Rate: 8-12 breaths/min

PEEP: 0-5 cm H2O to start and titrated
ET CO2 normal values: 5% to 6% equivalent to 35-45 mmHg
A suction apparatus is a very useful added feature found in every machine; it helps to remove secretions from the airway. The breathing circuit of the machine interfaces with the patient via three types of devices: the facemask, the laryngeal mask airway or the endotracheal tube.

Finally, the anesthetic machine has a monitor that displays the patient’s vital signs throughout the procedure. The minimum levels of monitoring include electrocardiography, pulse oximetry (continuous measuring of the oxygen saturation of hemoglobin), and blood pressure measurement. Typically, blood pressure is automatically measured at one to three-minutes intervals. The machine inflates the cuff at predetermined time intervals to perform the measurement. If the blood pressure falls outside the limits the embedded alarm system will alert the anesthetist.

Finally, the machine is equipped with multiple sensors among which detect variations in oxygen delivery to the patient, and variations in pressure in the breathing circuit tubing that bring gases from the machine to the patient. These sensors sound an alarm when there is a loss of pressure with a disconnection between the patient and the machine, or when the pressure is too high in the breathing circuit, signaling an obstruction.1,77
General Monitoring Features During Anesthesia
Currently, most machines come with added safety features to prevent power surges, electric shock, accidental misconnection of cylinders and gases. The degree of computerization achieved in modern machines is such they can be referred to as ‘anesthetic workstations’, which link all recorded data to a centralized data system within the hospital.1
Electrocardiogram Monitor

The electrocardiogram monitor provides a tracing, which informs about the rhythm, heart rate and heart electrical activity anomalies. It allows early detection and treatment of episodes of coronary insufficiency before they progress into infarction.
Oxygenation Monitoring

The objective of oxygenation monitoring is to ensure appropriate oxygen concentration in the inspired gas and in the blood throughout the whole duration of anesthesia. An oxygen analyzer measures the concentration of oxygen in the patient breathing system of the anesthesia machine and the patient’s blood oxygenation is assessed qualitatively with adequate illumination of the patient to evaluate skin color, and quantitatively with a pulse oximeter set to a low threshold alarm audible to the anesthesiology team. Pulse oximetry is perhaps the most important parameter anesthetists use to monitor arterial oxygen saturation, heart rate and rhythm. Monitoring cerebral oxygenation noninvasively with a near infrared-reflected spectroscope (NIRS) was found particularly useful in cardiac surgery. More recently, the indication has been extended to neurosurgery, trauma and vascular surgery.78
Circulation (Hemodynamic) Monitoring

The objective is to ensure proper circulatory function for the whole duration of the anesthesia. The patient’s electrocardiogram is recorded from the beginning of anesthesia to the moment he or she will be moved from the anesthetizing location; heart rate and blood pressure will be measured every five minutes. Furthermore, in every patient under general anesthesia, circulation is also regularly evaluated at least by one of the following methods, palpation of pulse, auscultation of heart sounds, tracing of intra-arterial pressure, ultrasound peripheral pulse monitoring, pulse plethysmography or oximetry.
The perioperative period is characterized by hemodynamic instability; fluctuations in blood arterial pressure within various degrees of hypotension expose the patient to organ ischemia. Hypotension contributes to oxygen supply- demand mismatch, an important cause of postoperative myocardial infarction. In addition, ischemia and reperfusion may contribute to postoperative acute kidney injury.79 A recent study assessed the relationship between myocardial and kidney injury and intraoperative mean arterial pressure and the reduction from preoperative pressure. The study found that there was no clinically significant interaction with preoperative pressure suggesting that anesthetic management should be based on intraoperative values only.80
Ventilation Monitoring
Ventilation adequacy is continually monitored both qualitatively and quantitatively. The observation of chest excursion, of the reservoir-breathing bag, and the auscultation of breath sounds are recommended. Quantitative monitoring of the volume of expired gas is strongly advised.
A correct positioning of the endotracheal tube or the laryngeal mask must be verified by clinical evaluation and by identification of carbon dioxide in the expired gas. From the time of intubation or mask placement until extubation or mask removal, or transfer to a postoperative unit, quantitative end-tidal carbon dioxide analysis must be performed. 
Various methods such capnography and capnometry82 have been validated for this measurement. By definition, end-tidal capnography, also termed ET CO2 or end-tidal CO2, is the graphical measurement of carbon dioxide partial pressure in mmHg during expiration. End-tidal CO2 is an important parameter as it reflects both cardiac output and pulmonary blood flow because the CO2 gas is transported by the venous system to the heart then pumped to the lungs. This measurement is endorsed by the ASA and has become the standard of care since several studies demonstrated that this parameter is able to detect respiratory depression 30-60 seconds prior to oxygen saturation (SpO2) alteration. The end tidal CO2 alarm system should be set forth in a way it will be audible to the anesthesia care team.81,82
Thermoregulation and Monitoring Temperature Change
Major reasons for monitoring intraoperative temperature include detection of fever due to allergic reaction, infection, malignant hyperthermia (discussed later), and hypothermia which is by far the most common reason, even when there is an indication for intended hypothermia.

Physiology of Thermoregulation
For optimal metabolic function, the normal human thermoregulatory system (hypothalamus) maintains a core body temperature near 37oC despite wide environmental variations. How the body determines absolute threshold temperatures is not well understood but it is known that they follow the circadian rhythm and vary daily by 1oC; in women the temperature varies monthly by 0.5 oC. Body temperature is affected by exercise, food intake, hypo- and hyperthyroidism, old age, anesthetics, alcohol, sedatives, and nicotine.81 In the operating room, the patient under anesthesia is exposed both to a cold environment and anesthetics drugs including sedatives and muscles relaxants, which are all known to produce an inhibition of thermoregulation.
Perioperative hypothermia has a characteristic pattern marked by a rapid decrease in temperature during the first hour of anesthesia followed by a slow linear decrease for 2 to 3 hours, reaching finally a plateau.83,84 This pattern corresponds to a core-to-peripheral redistribution of body heat during the first hour. Then, secondary to heat loss exceeding heat production, both core and mean body temperature decrease. After 3 hours, vasoconstriction decreases the peripheral (cutaneous) heat loss and constrains metabolic heat to the core compartment which explains the plateau phase. 

From a physiological standpoint, core temperatures have more significance than skin temperatures. Indeed, core temperature derives from deep abdominal and thoracic tissues, the spinal cord and brain, and thus provides about 80% of the thermal information to the hypothalamic regulating system. The standard core temperature monitoring sites are the distal esophagus, the tympanic membrane, the pulmonary artery and the nasopharynx. The mouth, axillary region, and bladder are considered as intermediates sites. When carefully obtained, they approximate core temperature sufficiently for clinical use except during cardiopulmonary bypass surgery, where accuracy is crucial. 
Temperature Measuring Sites and Techniques

Sites and techniques for measuring temperatures are outlined below.84
Distal Esophagus:
The thermocouple is incorporated into an esophageal stethoscope and should be placed in adults approximately 45 cm from the nose and thus 12 to 16 cm distal from where the heart and breath are heard best. If the positioning is more proximal, it can result in a falsely decreased temperature due to the closeness to the trachea and the effect of cold dry gases. This route is the preferred route because it presents a minimal risk and the site is a reliable site for core temperature measurements.
Tympanic Membrane: 

The thermocouple is placed in contact with the tympanic membrane, which is close to the carotid artery and the hypothalamus
Pulmonary Artery:
 Pulmonary artery catheter thermistor allows the recording of central blood temperature. It is located at the tip of the distal end. Although it is considered as the gold standard for measuring core temperature, this method is not used on a routine basis due to its invasive nature, among many other drawbacks.
Nasopharynx:
A nasopharyngeal probe is introduced and is positioned above the palate where it sits close to the brain and core temperature.

Bladder:
Bladder temperature is accessed via a Foley catheter to which a thermocouple or a thermistor has been attached. This route gives a close approximation of core temperature; however, in cases where there is low urine output or if the surgery is performed on the lower abdomen this method loses it accuracy.

Rectum:
A rectal measurement of temperature is not recommended as it can be affected by the presence of stool, and bacteria that generate heat. Therefore, the recorded measurement has a tendency to exceed the actual core temperature. This method should definitely be abandoned in cardiopulmonary bypass.
Axillary:
The axillary route may represent a reasonable choice in selected patients if the probe can be maintained in position close to the axillary artery throughout the surgical procedure.

Mouth:
The measurement of temperature via the oral cavity is considered as adequate but it has the same limitations than the axillary route. 

Skin:
Skin measurements of temperature can be affected by many confounding variables among which the core-to-peripheral redistribution of heat during induction phase of anesthesia, the compensatory cutaneous vasoconstriction and the changes in ambiant temperature. For these reasons the skin temperature is considered as a poor approximation of core temperature.
Recommendations for Temperature Measurements
Usually, temperature measurements are not mandatory for monitored anesthesia care, or minor surgeries performed under regional anesthesia. However, procedures necessitating epidural or spinal anesthesia can be accompanied by severe hypothermia and are in need of core temperature monitoring. 
Core temperature measurements are not required for general anesthesia procedures lasting 30 minutes or less. However, for durations exceeding one hour, core temperature should be monitored every 15 minutes. The most reliable method for measuring core temperature in intubated patients is the esophageal probe. If the patient is mask ventilated however, or undergoing regional anesthesia, oral, axillary or forehead skin surface may be substituted for esophageal or nasopharyngeal approach. The fact that skin temperature is approximately 2o C less than core temperature should be taken in account.83
Intentional Hypothermia in Cardiac Surgery
The temperature mode, i.e., normothermia, mild, moderate or severe hypothermia, selected preoperatively, will depend on the type of planned cardiac surgery; whether it will be using cardiopulmonary bypass (CPB) circulatory arrest (extracorporeal circulation and heart lung machine), or performed on a beating heart. The goal of intentional hypothermia is to reduce oxygen requirements and protect organs from ischemia. 
Because of the rapid and important degree of heat transferred via the bypass to the mediastinal organs, the monitoring of temperature in CPB constitutes a challenge. In this context, the pulmonary artery catheter may not be the ideal means for measuring core temperature due to a diminished flow in the central circulation. For this reason, in cardiac surgery, bladder core temperature measurements are found to be more reliable provided the urine flow is high. Otherwise, when judging the efficacy of warming or cooling it is best to consider both core temperature and the intermediate sites (rectal and skin). 
In hypothermic CPB, patients are cooled to 31-32 oC after the beginning of PCB and rewarmed 10 to 15 min before the release of aortic clamp. Anesthesia under deep hypothermia is indicated in congenital heart disease surgery. It is also used in adults for the repair of aortic dissections, and for the treatment of cerebral aneurysms.
Blood Loss and Continuous Monitoring
The goal of continuous hemodynamic monitoring by means of heart rate, arterial blood pressure, oxygen saturation, capnography and urine output measurements, is to ensure that the vital organs are adequately perfused. 
Excessive or uncontrolled bleeding during the course of the surgery can quickly disrupt this fragile hemodynamically balanced state. While maintaining general anesthesia in the patient, the anesthetist monitors blood loss in concert with the surgical team, throughout the surgical procedure. The anesthetist makes periodic visual assessment of the surgical field for the presence of excessive bleeding, checking suction canisters, surgical sponges, surgical drains, catheter insertion and wounds. Patients undergoing cardiac surgery, liver transplantation, orthopedic surgery, and polytrauma repair are particularly at risk for severe bleeding, and thus allogenic blood transfusions. 
Conversely, regional anesthesia techniques, such as spinal/epidural anesthesia for pelvic, orthopedic and vascular procedures, are associated with a reduction of 25%-30% in blood loss. This can be explained by systemic hypotension induced by the sympathetic blockade and the decreased venous tone.85
Quantitative Estimation of Blood Loss 
Blood loss can be calculated using a modification of the Gross formula:86 
BL=BV (HCTi –HCTf /HCTm

· BL=blood loss

· BV=blood volume in ml= body weight in Kg x 70 ml/kg

· HCTi= initial hematocrit 

· HCT f= final hematocrit

· HCTm= mean
Coagulation Monitoring
Since bleeding can be induced also by a dsyregulation of hemostasis, the goal of coagulation monitoring is to prevent and treat the pathological mechanisms of increased bleeding. The value of the most commonly used routine laboratory coagulation tests such as prothrombin time (PT), activated partial thromboplastin time (aPTT), and platelet count is debatable in the peroperative setting due to the long turnaround time. In contrast, thromboelastometry offers a rapid and a more comprehensive assessment of coagulation status. 
Thromboelastometric analysis includes plasmatic coagulation, fibrinolytic factors and inhibitors as well as circulating blood cells, providing important information about the quality of the blood clot. Furthermore, the anesthetist in the operating room can help to predict blood loss and requirements for blood transfusion, and can perform it. The measurement will be performed at the beginning of the surgery for baseline values, when abnormal bleeding is noticed, and after administration of the therapy.86
Preventive measures include identification of intraoperative factors contributing to prolonged bleeding and correction of these factors.85
Positioning of the Patient
Bleeding can be significantly influenced by the surgical position of the patient. Elevating the operative site above the level of the right atrium facilitates venous drainage and decreases local venous pressure. Twisting the neck during head and neck surgeries interferes with jugular venous drainage and thus should be avoided wherever possible. In the prone position, minimizing pressure on the abdominal wall and thus on the inferior veina cava should be helpful. If this is the case, the anesthetist should not hesitate to communicate his/her concern to the surgical team. 
Ventilation during Blood Loss
Positive pressure ventilation interferes with venous return. To reduce blood loss, it is recommended to minimize the mean intra-thoracic pressure by keeping a low positive end expiratory pressure and tidal volume.
Hypothermia and Blood Loss
Maintenance of normothermia is a key preventive measure to control bleeding during general anesthesia.87 Hypothermia alters the platelet function and the enzymatic coagulation cascade, which is temperature-dependent. A mild hypothermia (< 1o C) has been found to increase blood loss by 16% and the relative risk of blood transfusion by approximately 22 percent.
Controlled Hypotensive Techniques
Various anesthetic drugs such as inhalational agents and propofol reduce blood loss via a decrease in the mean arterial pressure. A more pronounced effect could be obtained with the addition of beta-blockers, calcium channel blockers, prostaglandins, among others. However, this drastic measure would mandate a continuous hemodynamic monitoring and is contraindicated in coronary artery disease, uncontrolled hypertension, cerebrovascular disease and anemia.
Additional Vital Signs88-92
Urine Output

Urine output indicates the renal, cardiovascular and fluid status of the patient. Urine output is evaluated at 0.5 ml-1 ml/kg/hr, in the absence of glucosuria and diuretic administration. Oliguria is defined as urine output less than 20ml/kg in an average adult. Bladder catheterization is the only reliable method for this measurement.
A major concern is whether or not a decreased output is an indicator of acute kidney injury. Acute kidney injury (AKI) is defined as the rapid deterioration of renal function, which may occur in hours to days and is a common cause of morbidity and mortality. It not only induces distant organ damage but may also evolve towards chronic kidney failure. Based on the literature, patients with AKI face 40-60% mortality risk.
The identification of patients at risk for AKI is an important part of the preoperative assessment. Older patients and those with ASA status III and above, are evidently in this category as they will most likely suffer from metabolic syndrome including diabetes mellitus, cardiovascular (hypertension and congestive heart failure), advanced hepatic disease, chronic obstructive pulmonary disease and hematologic disorders, to cite a few. 
During the surgery, avoiding hypotension is critical in this type of patient, since even short periods of decrease in the mean arterial pressure less than 55-60 mmHg may lead to postoperative AKI. Furthermore, measures should be taken to reduce blood loss as much as possible during the surgery so that blood transfusions can be avoided. 
Urine output monitoring is required in heart failure, advanced hepatic disease, cardiac surgery, renal or vascular surgery, craniotomy, major abdominal surgery, or when the surgery is anticipated to be prolonged.

Higher mean blood pressures should be maintained in hypertensive patients and, as a note of caution, fluids should not be given in excess with the intention to treat oliguria. 

Other indications for bladder catheterization during general anesthesia include intraoperative administration of diuretics, and in patients with a high risk of urinary retention since general anesthetic agents, propofol, isoflurane and halothane are known to interfere with the contraction of the detrusor muscle, causing bladder atony. Urine output should also be monitored in patients who have undergone neuraxial anesthesia as they are prone to present urinary retention during and after the surgical procedure.
Central Venous Pressure

Central Venous Pressure (CVP) is defined as the pressure in the central veins (internal jugular, subclavian or femoral), referred to as the blood pressure prevalent in the right atrium. The normal value for CVP ranges from 2-6mmHg in a spontaneously breathing non-ventilated patient. It is elevated in overhydration, heart failure and decreased in hypovolemic shock from hemorrhage, dehydration. Thus, CVP monitoring is indicated when the patient is in an unstable hemodynamic condition with hypotension, hypovolemia due to blood loss and in need for infusion of fluids. CVP will help to guide fluid therapy and administration of vasoactive agents in case of circulatory shock. 
Several methods of measurement of CVP have been validated; they are categorized as invasive and non-invasive. The non-invasive methods, which give an indirect estimate of the right atrial pressure, rely on clinical observation of internal jugular vein pulsation and ultrasonography. With ultrasonography, if the diameter of the jugular vein is larger than the common carotid artery when the patient is in semi-upright position, then CVP is estimated to be superior to 7 mmHg. 

There are currently two accepted more accurate invasive methods for direct measurement. One method is obtained via the patient’s indwelling central vein catheter, which then, is connected to a manometer. The other method uses an electronic transducer connected to the central vein catheter of the patient on one side and to the digital monitor on the other. All these methods may be time consuming particularly in emergency situations, and subject to operator errors and variability. Moreover, they are dependent on patient position, which should remain the same for each measurement so that they can be compared during the follow-up.91
Cardiac Output
Cardiac output is defined as the determination of blood flow; it is an integral part of advanced hemodynamic monitoring which can be performed using either invasive techniques or non-invasive methods.92,93 The importance of cardiac output evaluation is obvious in major surgery where there is an increased inflammatory response driving higher oxygen demand. In order to fulfill this increased oxygen requirement, an increase in oxygen delivery is needed and thus an increase in cardiac output.
	Cardiac output (liter min-1) = stroke volume (liter) x heart rate 
(1min-1)



Oxygen delivery (ml min-1) = Cardiac output (liter min-1) x arterial O2 





      content (ml dl-1) x 10



Optimization of cardiac output is made possible with accurate monitoring of blood flow which will guide safely the administration of fluids and inotropic agents, thereby preventing tissue hypoxia and organ dysfunction. Invasive approach provides a direct measurement of cardiac output in the pulmonary artery. A catheter is inserted via the jugular, subclavavian or femoral veins; it is then threaded through the right atrium, right ventricle and subsequently into the pulmonary artery to monitor cardiac output. This method is used exceptionally in cases of severe coexisting disease or if the surgery is invasive, such as heart surgery. 
Depth of Anesthesia

It is actually a paradox that anesthesia whose primary purpose is to render the patient unconscious for surgery, has not been concerned with developing standards to monitor more directly the level of consciousness during general anesthesia. For decades, monitoring the depth of anesthesia was based on unspecific effects of anesthetics, like blood pressure, heart rate, patient reactions, sweating, or drug concentrations. There is no doubt that these physiological responses are affected by anesthesia, but they may not reflect anesthetic effects on the brain itself. 
Before the introduction of neuromuscular blocking agents as adjuvant medication to general anesthesia, anesthetists used Guedel’s classification, which relies on the disappearance or presence of movements such as eye and eyelid movements, corneal and laryngeal reflex, and respiratory muscles movements to evaluate the depth of anesthesia. Briefly, Guedel’s classification, now obsolete, but with still meaningful clinical significance distinguished four stages:1
· Stage I: called stage of analgesia or disorientation, which starts at the beginning of induction to loss of consciousness. 
· Stage II: marked by excitement or delirium, where the pupils are dilated but reactive to light and the breathing becomes automatic. 
· Stage III: or stage of surgical anesthesia, divided in four planes, with the successive disappearance of eye movements, corneal reflexes and swallowing reflexes until the desired plane III for surgery, where intercostal muscles are paralyzed and only diaphragmatic respiration is present. The fourth plane with the onset of apnea is a pejorative state.

· Stage IV: the transition from apnea to death, with pupils widely dilated and non-reactive.
Currently, there is one U.S. Food and Drug Administration (FDA) approved depth of anesthesia monitoring device called the bispectral index (BIS) monitor. It consists of a probe made of a sticky flat plastic strip, the size of a large Band-Aid, which is applied to the patient’s forehead and around the right temple. The probe is connected to a monitor that measures brain electrical signals, interprets brain wave activity and displays a number called the index value which is thought to reflect a certain level of consciousness, and is calculated using an algorithm based on a single channel of frontal electroencephalogram (EEG) activity. This index is scaled between 0 (isoelectrical activity) and 100 (awakened state), thus giving an estimate of the hypnotic level. Specific ranges (40-60) are recommended for a low probability of unintended awareness during general anesthesia. 

These BIS values were empirically derived from a database of more than 1,500 anesthetic drugs.24 They translate, somewhat, changes of nonlinear stages in EEG activity to a linear decrease in the BIS index with increasing plasma concentrations of various anesthetic drugs. The Australian B-aware trial showed that anesthetic delivery guided by BIS reduces the incidence of intraoperative awareness with recall in high-risk patients. But this result was challenged by other studies, which suggested that the incidence of awareness with recall was not reduced by a BIS protocol as compared with a standard end-tidal anesthetic gas concentration.94 Therefore, the value of BIS monitoring remains controversial.
Monitoring Muscle Paralysis

Accurately monitoring the degree of muscle weakness when neuromuscular blocking drugs (myorelaxant drugs) are used facilitates both the surgery and anesthesia, and to this end a device called a nerve stimulator is used.
The nerve stimulator is attached to the wrist of the patient; when needed, the delivery of an electrical stimulation by the anesthetist will elicit a twitch of the thumb, which can be translated to a certain level of paralysis. This is particularly useful at the end of the surgery as it will guide the anesthetist in the administration of drugs to reverse muscle paralysis.

Anesthesia Cessation And Monitoring Of Patient Awakening 

As soon as the anesthetist is notified that the surgery is to be completed, the anesthetics will be reduced then stopped. At the same time, pain alleviating therapies (opioids) and anti-inflammatory drugs will be injected intravenously; if necessary, local anesthesia to numb the surgical incision is given, before the anesthetic is discontinued. As the patient starts to show signs of awakening, the airway is suctioned to clear the throat from secretions so that they will not be inhaled when the tube is withdrawn. There is no clear end-point to the effect of a general anesthetic agent and the emergence from general anesthesia is a process that may be slow, and closely monitored, occurring in reverse through Guedel’s stages. 
The main point is that the patient should have a stable blood pressure, be able to cough and breathe without assistance. The anesthetist will ascertain the awakening by asking the patient to follow commands and the patient must demonstrate spontaneous eye opening. At this stage, the airway tube can be removed. However, in the recovery room the nurse will continue to monitor patient vital signs until the patient becomes alert, comfortable and stable physiologically.
Management Of Complications And Adverse Events 
Adverse effects of anesthesia can be classified as major, intermediate or minor. Consent forms for anesthesia administration will list the most common side effects and the most severe possible complications.

Anaphylaxis

The detection of an allergic reaction in an anesthesia setting is rendered more difficult due the inability for the patient to communicate the early symptoms (itching) and the drape coverage preventing the anesthetist from detecting the cutaneous reaction. Moreover, hypotension produced by the anesthetic drugs and the sympathetic symptoms associated with spinal/epidural anesthesia also can mask the systemic manifestations of allergy.

The incidence of anaphylaxis, the most dramatic manifestation of allergy during anesthesia, is very difficult to estimate. Available data range from 1 in 10,000 to 20,000 patients to 1 in 3,500, depending on the studies, resulting in death up to 5 percent.1,95 

Generally, anaphylaxis is a humoral allergic response, which occurs on re-exposure to a specific antigen, but it can also occur on first exposure, due to cross-reactivity with other drugs. Therefore, there are no effective strategies to apply for prevention of this serious adverse effect, but to stay vigilant and prepared should an anaphylactic event arise. 

The majority of anaphylactic reactions occur during the induction period when muscle relaxants, sedatives, and opiates are administered. The most commonly reported initial signs are pulselessness, difficulty in lung inflation. Otherwise, cardiovascular collapse may be the only manifestation of anaphylaxis and may be confused with other causes of cardiovascular collapse in this surgical setting.95
Etiology

The two primary causes of anaphylaxis reported in the literature are muscle relaxants and latex allergy. The most common muscle relaxants incriminated in clinical studies being succinylcholine, atracurium, vecuronium and pancuronium. Neuromuscular blocking agents have been found to be responsible for 60% to 70% of episodes of anaphylaxis in the perioperative setting and the rate of anaphylaxis to succinylcholine and rocuronium was reported to be approximately 10-fold higher than to atracurium.96
Latex allergy should also be considered particularly in gynecological procedures where anaphylaxis might be caused by the accumulation of latex particles in the uterus during obstetrical maneuvers then their sudden release in the circulation following oxytocin injection. Anaphylaxis will likely occur during the maintenance phase of general anesthesia. 
Antibiotics represent the third leading cause of anaphylactic reactions in the operating room.
Thiopental has been reported to be associated to 290 cases of anaphylaxis.95 Chlorhexidine, commonly used as skin disinfectant before invasive procedures, and in the general population as a mouth wash, could lead to a sensitization prior to the surgery.

Local anesthetics are known to induce cell-mediated immunologic reactions when applied topically to the skin. They can cause contact dermatitis or a delayed hypersensitivity reaction but humoral responses such as anaphylactic reactions have been rarely observed. 

Management of a patient with suspected anaphylaxis during anesthesia should include the steps below:95
1. Stop administration of all agents likely to have caused the reaction.

2. Ask for assistance.

3. Maintain airway with 100% oxygen. 
4. Patient positioned lying flat with elevated legs.

5. Give epinephrine: Intramuscular 0.5 mg to 1 mg (0.5 to 1 ml of 1:1000 solution), this may be repeated every 10 minutes based on the arterial blood pressure. Alternatively, 50 to 100 μg intravenously (0.5 to 1ml of 1:10.000 solution) over 1 minute

For the future management of patients with history of anaphylaxis, a detailed report of the event should be recorded in the medical file. Use of inhalation induction or regional anesthesia should be considered, with avoidance of chlorhexidine and neuromuscular blocking agents, while maintaining a latex-free environment. There is no evidence that pre-treatment with corticosteroids and antihistamines can prevent immune mediated reactions.97
Postoperative Nausea and Vomiting 
Postoperative nausea and vomiting (PONV) is a frequent problem that depends on multiple factors such as the type of surgery, the anesthetic agents used, the population under study and the individual patient’s susceptibility. The general incidence of vomiting is about 30%, while the incidence of nausea is about 50%, reaching 80% in high-risk patients.98 Although nausea is not life threatening, it is distressing to patients and if unresolved it may result in a prolonged stay in the post anesthesia care unit. In certain instances, vomiting can bear a significant medical risk in patients who have undergone open eye surgery, those with wired jaws, increased intracranial pressure, and after gastric or esophageal surgery.
Risk Factors
Patient-specific risk factors include obesity, female gender, and young age, a history of PONV and motion sickness, and non-smoking status. These are further highlighted below.
Obesity: 
Considered as a predisposing factor to PONV, it has been suggested that this may be due to increased amounts of anesthesia drug deposited in the fat tissue and its subsequent prolonged release.
Gender: 
Women are four times as likely as men to have PONV, particularly during their third or fourth week of the menstrual cycle.
Age: 
The incidence of PONV is increased in adults younger than 50 years old and preadolescent children. In the pediatric population, four independent predictors of postoperative vomiting (POV) were identified: duration of surgery beyond 30 minutes, age superior to 3 years, history of POV in the patient, PONV in siblings or parents, and strabismus surgery.

Postoperative Pain:
Pain is a common cause of nausea and vomiting during the postoperative period; however, if at this stage, pain is treated with opioids it may create a vicious circle.
Hydration

Too much of oral fluids, too early can also be responsible for nausea and vomiting.

Site of Surgery:
Although it has been difficult to prove that the type of surgery is an independent risk factor, abdominal and gynecological surgeries and laparoscopic procedures are frequently associated with PONV, possibly due to longer exposure to general anesthesia and the use of higher doses of opioids.99 Eye muscle surgery, ear nose and throat surgery are also associated with a higher incidence of PONV.

Type of Anesthesia: 
Use of regional anesthesia is associated with a lower risk of PONV than general anesthesia in both adults and children. With regards to anesthetic agents and analgesics, volatile anesthetics, nitrous oxide and post-operative opioids are the most likely causes of PONV.
The modern anesthetic agents are certainly an improvement over those used in the past such as chloroform, ether and cyclopropane. Anesthetic gases that leave the body quickly (desflurane, sevoflurane) and propofol, which has antiemetic properties, represent a real progress. Furthermore, effective classes of antiemetic drugs are now available and administered as a prophylactic measure during the course of anesthesia. A topical patch of scopolamine has been successfully used as well in patients with a strong history of postoperative nausea or severe motion sickness.
The most recent guidelines published in 2014 by the Society of Ambulatory Anesthesia were based on a systematic evaluation of the current medical literature on PONV. These guidelines identify the patients at risk and the most effective antiemetic drugs and regimen for prevention as well as treatment of PONV when it occurs.99
A decrease in the incidence of PONV can be achieved with a strategy aiming at reducing the baseline risk. This strategy includes 1) a thorough anamnesis to uncover PONV or motion sickness in the personal or family history of the patient, 2) avoidance of general anesthesia and use of regional anesthesia when possible, 3) avoidance of nitrous oxide and of volatile anesthetics,      4) minimization of the use of opioids, 5) use of propofol instead for induction and maintenance of anesthesia, and 6) maintain adequate hydration.
Prophylactic Therapy 
5-HT3 Receptor Antagonists: 

Ondansetron the gold standard compared to other antiemetics has a recommended dose of 4mg (IV), and is most effective when administered at the end of surgery.
Dolasetron has been discontinued in the U.S.
NK-1 Receptor Antagonists:
Aprepitant is similar to ondansetron in achieving complete response for 24

hours after surgery, but its role in routine prophylaxis is not yet established.

Corticosteroids:
Dexamethasone can be given as a prophylactic dose of 4 mg IV and is recommended after induction rather than at the end of surgery.
Methylprednisolone 40 mg IV is recommended for the prevention of late PONV.
Butyrophenones:
Droperidol 0.625 to 1.25 mg IV are as effective as Ondansetron for PONV prevention, and most effective when given at the end of surgery.

Haloperidol 0.5 to 2 mg IM or IV, is an alternative to Droperidol, however not recommended as first line therapy due the risk of QTc prolongation.
Antihistamines:
Meclizine 50 mg orally has a longer effect on PONV than ondansetron.
Anticholinergic:
Transdermal scopolamine has been shown to effectively prevent PONV. It may be applied the evening before surgery or 2 to 4 hours before the start of anesthesia.
Phenothiazines:
Metoclopramide is a weak antiemetic; 25 and 50 mg doses have a similar effect to Ondansetron 4mg for early PONV but a lesser effect for late PONV.
Promethazine has been studied for efficacy in randomized trials, which showed that the administration of promethazine (12.5 to 25 mg IV) during the induction phase and prochlorperazine (5-10 mg IV) given at the end of surgery had an antiemetic effect. However, there is some caution recommended with the administration of hydrochloride promethazine. The FDA warns that it should neither be injected into an artery nor subcutaneously due to the risk of gangrene. Therefore when indicated, promethazine should be diluted and injected slowly in a functional IV line. Otherwise its preferred route of administration is deep IM injection.

Other Antiemetics:

Propofol, a sedative-hypnotic, is widely used for induction and maintenance of general anesthesia, and monitored anesthesia care sedation with local or regional anesthesia. This drug is recommended to reduce baseline risk for PONV due to its antiemetic properties in the sub-hypnotic level range. However, at this low dose (20mg), the antiemetic effect is brief.
Midazolam 2mg is as effective as ondansetron 4mg, when administered 30 minutes before the end of surgery.

Combination antiemetic therapy has been found most effective. It is preferable to single drug use as the effect as an additive antiemetic acts on different receptors. It is suggested that when used in combination, dexamethasone should not exceed 10 mg IV, droperidol should not exceed 2 mg IV and ondansetron should not exceed 4 mg in adults.
Children presenting a high risk for POV are prescribed a combination of       5-HT3 antagonists and a steroid unless there is a contraindication. In the U.S., Dolastron, another 5-HT3 antagonist and steroids are not recommended for the pediatric population because of the risks of prolonged QT syndrome and tumor lysis syndrome, respectively.
Based on a meta-analysis study, the following combinations are recommended in high-risk children:99
1. Ondansetron, 0.05 mg/kg + dexamethasone 0.015 mg/kg
2. Ondansetron, 0.1mg/kg + droperidol 0.015mg/kg

3. Tropisetron, 0.1 mg/kg + dexamethasone 0.5mg/kg

Dose Ranges:
1. Ondansetron: 50-100 mcg/kg up to 4 mg

2. Dexamethasone: 150 mcg/kg up to 5 mg

3. Droperidol: 10-15 mcg/kg up to 1.25 mg

4. Tropisetron: 0.1 mg/kg up to 2 mg

Rescue Therapy
When nausea and vomiting are established, it should be treated with an antiemetic from a pharmacologic class that is different from the drug initially given. The doses of 5-HT3 antagonists used for the rescue are smaller than those used for prophylaxis.

Propofol 20 mg is administered as needed. Aromatherapy with isopropyl alcohol was shown to be as effective as ondansetron or promethazine in reducing nausea. However, more investigation is needed to assert the usefulness of aromatherapy in PONV treatment. If PONV occurs within the 6 hours following the surgery, patients should not be given a repeat dose of the prophylactic antiemetic treatment, while if it occurs after the 6 hours postoperatively, any of the drugs contained in the prophylactic regimen can be used, except for dexamethasone, scopolamine, and aprepitant.
Lastly, while initiating a treatment for PONV, the patient should be evaluated in order to exclude factors that may also trigger nausea and vomiting. Besides the factors described earlier, a mechanical trigger such as abdominal obstruction, and blood draining through the throat should be assessed.
Hypothermia: Consequences and Prevention
Large randomized trials have demonstrated that even mild unintended hypothermia can have dramatic consequences on the outcome of the surgery.83 Hypothermia is associated with prolonged recovery from anesthesia, reduced drug metabolism, increased risk of bleeding, morbid cardiac events such as myocardial infarction, and propensity to surgical wound infection.83,84 Hypothermia can be classified as mild when the core temperature is between 32-35 oC, moderate when the temperature is        28-32 oC, and deep when the temperature is lower than 28 oC.
Pharmacodynamics and Pharmacokinetics
The enzymes that modulate organ function and metabolism of most drugs are highly temperature sensitive. Therefore, one should expect that hypothermia have the potential to alter the pharmacodynamics of various drugs used in anesthesia, especially volatile anesthetics.
Volatile Anesthetics

Tissue solubility of volatile anesthetics increases with hypothermia. Even though this increase does not affect the potency of the drug, which relies mainly on partial pressure rather than anesthetic concentration, this increase will slow down the recovery because larger amounts of anesthetics need to be exhaled.
Intravenous Anesthetics
A 30% increase of plasma concentration has been observed in 3 oC hypothermic patients receiving a constant perfusion of propofol as compared to normothermic patients. This increase has been correlated to reduced clearance between the central and peripheral compartment. Similarly, steady-state fentanyl plasma concentrations have also been demonstrated to increase by approximately 5% for each degree Celsius of hypothermia. Consequently, hypothermia may be accountable for a delayed discharge of the patient from the postanesthesia care unit.84,101
Myorelaxants 
The duration of action of Vecuronium bromide more than doubled at 34.5 oC when compared to 36.5 oC.83,84
Postoperative Myocardial Infarction 

Postoperative myocardial infarction is the most common serious complication, which occurs in 8% of moderate to high-risk patients; 80% of cases are reported within 2 postoperative days. Myocardial infarction due to intraoperative hypothermia appears to be mediated by sympathetic activation, which is responsible for tachycardia and hypertension.
Blood Loss

Blood loss in hypothermia is due to impaired platelet function and decreased coagulation cascade. An increase in blood requirement of 0.5 units is noted for each degree below the normal level.
Wound Infection

Wound infection is due to impaired immune function via thermoregulatory vasoconstriction which leads to decreased blood flow, decreased oxygen tension, impaired neutrophils function, and altered T-cell mediated antibody production, has been established by numerous studies.84
Chills/Shivering

Chills/shivering is a short-lived mechanism attempting to compensate for heat loss through thermogenesis. When subjected to cold temperatures, normal awake subjects can protect themselves either behaviorally by dressing appropriately and/or by exerting voluntary movement. Cutaneous vasoconstriction mediated primarily by the release of norepinephrine from the presynaptic adrenergic nerve terminals is one mechanism by which the body attempts to decrease heat loss. The other mean to compensate for heat loss is with thermogenesis or heat production. 
Thermogenesis is more efficient to a certain extent than vasoconstriction. There are two types of thermogenesis: non-shivering thermogenesis which increases heat through brown fat oxidation and is more common in infants than in adults; and, shivering thermogenesis which is used as a last defense against hypothermia and can lead to a doubling of heat production. Unfortunately, this mechanism is short-lived.

Shivering-like tremor has been found to occur more frequently (40%) in unwarmed patients during the recovery phase of general anesthesia. It increases oxygen consumption and may intensify postoperative pain. 
Shivering is treated through skin surface warming, clonidine (75 μg IV) or meperidine (25 mg IV).
Shivering during epidural anesthesia is also triggered by core hypothermia and can be treated by skin surface warming above the level of the blockade, intravenous or epidural meperidine (25 mg) or epidural sufentanil (50μg). 

Thermal discomfort creates negative memories of the surgical experience. It deserves attention.
Prevention of Hypothermia
As we now know, the initial phase of hypothermia (0.5-1.5 oC reduction) during epidural or general anesthesia is mainly due to heat redistribution (at the expense of core temperature), from the central thermal compartment to cooler peripheral tissues. Although this redistribution of heat, which happens during the first hour of anesthesia cannot be treated effectively, it can be prevented by the following measures:
· Warming Intravenous Fluids

Heat loss from cold IV perfusions becomes significant when large volumes are administered. For example, one unit of blood given at room temperature decreases the mean body temperature by more than      0.25 oC.
· Cutaneous Warming:
The temperature in the operating room is by far the most critical factor impacting heat loss by radiation and convection from the skin and open wounds. To maintain normothermia in patients under general anesthesia, room temperature is set generally above 23 degrees Celsius, with the exception for infants who require temperatures above 26 degrees Celsius, although such temperatures are found uncomfortably warm by most operating room personnel.
The first step is to decrease the gradient between the peripheral and the core temperature; this can be achieved generally within 30 to 60 minutes of warming before induction of general anesthesia. In addition, since most heat loss occurs by radiation through the skin during general anesthesia, passive insulation of the skin with a cloth or surgical drapes will be useful to decrease this loss. 
Cutaneous heat loss is proportional to surface area; consequently, the amount of skin covered is more important than the nature of surfaces, which have been insulated. A single layer of each of these insulators has been shown to reduce heat loss approximately by 30%; combining three layers of warmed cotton blankets reduces heat loss by 50%. However, patients undergoing extended surgeries will require more than passive insulation to maintain normothermia. In this scenario, active warming, which uses circulating water blankets, and more recently, circulating water wraparound garments, is more effective in that it can even eliminate this loss. It has also been reported that forced air warming blankets are by far the best approach to the prevention of intraoperative hypothermia since they can increase central temperature by almost 0.75 oC per hour.83,84
Since less than 10% of heat is lost through respiration, active airway heating and humidification are not influential in adults. They seem however, more effective in the pediatric population.

Effects on Central Nervous System 
Postoperative Delirium 

Also termed interval delirium, postoperative delirium (POD) is an acute cognitive disorder commonly seen in the elderly, which usually occurs between the second and seventh postoperative day, with the symptoms getting worse at night. Postoperative delirium has been associated with a delayed functional recovery and a prolonged hospital stay;102,103 by definition, POD is a transient disorder with a sudden onset of mental changes characterized by confusion, disorientation, hallucinations delusions and overactivity. Patients with delirium are incoherent, disoriented to time and sometimes to place and person. Their short-term memory is impaired. They can be hyperactive and agitated or hypoactive and lethargic. The latter hypoactive manifestation can be easily undiagnosed.103
Emergence delirium is a clinical entity, which can occur at any age group characterized by a transient restlessness in the immediate post-operative period. Postoperative cognitive dysfunction has to be differentiated from postoperative delirium.
The mechanism of POD is not known with certainty. Pathogenic factors are speculative, largely based on animal studies and post-mortem analyses. They can be divided in two categories: metabolic encephalopathy and neurological injury. Central nervous system function depends on adequate supply of oxygen and nutrients, the effective removal of metabolic waste products, and an appropriate neurochemical environment. So any drug–induced interference with these regulator mechanisms (i.e., hypoxia, hypoglycemia) may cause dysfunction. 
Age-related decrease in liver and kidney function is responsible for a decreased ability to metabolize and eliminate the drugs; this will result in a slower clearance of these drugs with increased effects and side effects, as well. Moreover, surgical trauma is associated with several stress-related neuroendocrine alterations such as decreased levels of thyroid hormone, and increased levels of cortisol. These disturbances in hormonal levels may also affect the concentration of neurotransmitters in the brain and provoke delirium. Neurological injury in the elderly is also facilitated by pre-existing vascular lesions (embolic or thrombotic changes) and diffuse neuronal loss.104 A clinical research study has linked postoperative delirium to abnormal patterns of functional connectivity in the brain.103
The incidence of postoperative delirium is variable due to multifactorial factors. The literature reports an incidence rate ranging between 5% and 70% in patients older than 65 years after major surgeries.103 Patient-specific predisposing or predictive factors include:66
· Increasing age, particularly beyond 75 years old.
· Poor medical status with abnormal electrolyte concentrations (Na) and nutritional deficiency (Vit B1).
· Psychiatric illness, depression, personality disorder.
· History of traumatic head injury, cerebrovascular disease.
· Alcohol and sedative use (benzodiazepines). Delirium in alcohol withdrawal syndrome can very well develop during the perioperative since it has been reported to occur within 6 to 24 hours from the last alcohol intake. More typically however, it becomes manifest after 2 to 4 days of abstinence and can persist for up to two weeks.
The following perioperative factors may precipitate the development of POD:
· Impaired oxygen supply to the brain due to arterial hypotension, hypoxemia, and anemia.

· Metabolic abnormalities due to electrolyte imbalance (hyponatremia), hypocarbia, hypoglycemia, hypovolemia (blood loss), and dehydration.

· Medications and drug combinations such as anti-inflammatory agents, inhalational anesthetics, anticonvulsivants and anticholinergics.
Several large studies found no difference between general and regional anesthesia in the incidence of delirium. 
Postoperative delirium is well documented in cardiopulmonary bypass surgery and has been correlated to temporary depression in the cerebral blood flow (CBF). It is well known that CBF is autoregulated between mean arterial pressures (MAP) of 50 and 150 mmHg however below and above this range, CBF becomes passive; that is, the lower the MAP the lower the CBF and vice versa. Major orthopedic surgery like joint replacement and hip fracture also seem to be associated with a higher risk of POD.
Pharmacological Factors:
Elderly patients are more sensitive to inhalational anesthetics, barbiturates, and benzodiazepines. Opioids (meperidine) are associated with an increased risk of postoperative delirium. Anticholinergics like atropine, scopolamine, are considered as classic contributory factors. Antihistamines and some vasoactive drugs have also been shown to precipitate the onset of POD.105
Management of POD: Prophylaxis

Management of POD consists mainly in the recognition and treatment of the underlying causes. This can be achieved by a thorough preoperative assessment to rule out a risk factor and or a preexisting illness. This includes a careful anamnesis, the assessment of fluid balance and nutritional status, serum glucose levels, electrolyte levels, arterial blood analysis, chest X-ray, hematocrit and blood cultures. If there is a medical condition, one should ensure that the patient is receiving optimal treatment for it. In particular, antidepressant treatment for chronically depressed patients should not be discontinued peri-operatively.
During the surgery, adequate ventilation and oxygenation as well as hemodynamic support must be achieved from the start. The use of shorter acting anesthetic and analgesics drugs is expected to decrease POD in the elderly.
In the post-operative period adequate pain control is mandatory as there is an association between pain and the development of delirium.
Intervention protocols have been designed to help reducing the incidence and duration of delirium; they consist in cognitive stimulation, noise reduction for sleep enhancement, early mobilization and a reduction of sensory defects by ensuring that the patients are wearing adequate visual and hearing aids during the recovery period.

Management of POD: Treatment

If the patient is endangering him- or herself, pharmacological treatment is indicated, but in view of what has been discussed in terms of POD physiopathology, it should be minimized. To sedate the patient, neuroleptics i.e., haloperidol or chlorpromazine is preferred to benzodiazepines.

Postoperative Cognitive Dysfunction
In contrast to POD, which is an early post-operative manifestation of a rather transient dysfunction of the nervous system in elderly patients, post-operative cognitive disorder (POCD) is a long-term condition, which can be detected days to weeks after surgery and may remain permanent. POCD is characterized by impairment of memory, concentration, language comprehension and social integration. 
Multiple health problems in the elderly seem to be among the main contributory factors. Cardiac surgery has been frequently associated with POCD in the elderly. Pre-operative medications like benzodiazepines, dopamine antagonists, alpha-2 agonists, alpha-1 agonists, phenytoin and phenobarbital have been shown to affect negatively the cognition and psychomotor function of elderly in the post-operative period.
There is no evidence that POCD can be successfully treated. So the therapy should be aimed at early recognition of the disorder so that safety measures and supportive care can be initiated.
Emergence Delirium

Emergence delirium (ED) has been described as a mental disturbance, which primarily occurs within the first thirty minutes of recovery time, and typically resolves within an hour of onset as compared to postoperative delirium (POD), which can last for days. This disturbance may consist of hallucinations, delusions, and confusion that manifests as restlessness, moaning, involuntary physical activity, and thrashing. This condition has been shown to occur in 5% to 10% of general surgery patients of all ages. 
According to several studies, pediatric patients that under the age of 5 years are more susceptible to emergence delirium, upon recovery from anesthesia. Numerous studies have examined the role of brain maturation on delirium, with some relating ED susceptibility in children to the development of the hippocampus and cholinergic function.
In the adult population, there is some evidence that the frequency of ED is dependent on the type of surgical procedure. Patients undergoing breast surgery and abdominal surgery present the highest risk for ED. Surgical procedures that involve the tonsils, thyroid, middle ear, and eye have also been reported to have higher incidences of postoperative agitation and restlessness. Pain has been investigated as a risk factor for ED, mainly in the pediatric population. In fact, the majority of research shows that adequate pain management decreases the incidence of ED. 
Ketamine has been one of the more extensively studied pharmacological agents in the management of ED. Debate about the efficacy of ketamine in the management of ED was largely driven by earlier studies that linked

ketamine to an increased risk of ED. However, more recent studies have contradicted these findings and presently, a study done on 160 children between 2 and 6 years of age strongly recommend ketamine, in combination with dexmedetomidine as a treatment for ED.105
Malignant Hyperthermia
Malignant hyperthermia (MH) is a potentially fatal hypermetabolic reaction of skeletal muscle to administration of volatile anesthetic drugs and or/muscles relaxants. It is characterized by an alteration of intracellular calcium homeostasis leading to an accelerated metabolism rate which cannot be compensated, thus resulting in hyperthermia, hypercarbia, muscle rigidity, tachycardia and rhabdomyolysis.107,108
Prevalence 

The incidence and prevalence of malignant hyperthermia is variable among different populations due to genetic diversity; the incidence of MH is best described by the reported incidence per anesthesia procedure. Currently, the incidence is estimated from one in 3,000 to one in 50,000. The estimate of incidence in children is about one in 10,000 anesthetics, and in adults it is one in 50,000 anesthetics. Because many individuals undergoing surgery who experience marked hyperthermia may be coded as being MH susceptible, the exact incidence and prevalence has been difficult to clarify.

Studies on the incidence of adverse MH reactions in North American hospitals shows a morbidity rate of 35% and a mortality rate of 12% which means that MH is a life-threatening condition.

Genetic Aspects

Malignant hyperthermia susceptibility is inherited in an autosomal dominant manner. However, the penetrance of MHS is unknown. A mutation causing MH susceptibility has been identified in two genes with molecular genetic testing. 

· RYR 1 (MHS locus) which encodes the type 1 ryanodine receptor of skeletal muscle, with pathogenic variants found in 70% to 80% individuals with confirmed MHS.
· CACNAIS (MHS5 locus) which encodes the alpha 1 subunit of the skeletal muscle dihydropyridine receptor L-type calcium channel with pathogenic variants found in 1% of MHS individuals.
Most affected individuals have an affected parent and based on the dominant autosomal mode of transmission of MHS, each child of an affected individual has a 50% chance of inheriting the pathogenic variant. But the family history may appear to be negative because of failure to recognize the disorder in family members, early death of the parent before the onset of symptoms, or decreased penetrance.108
Clinical Manifestations
It is now recognized that malignant hyperthermia susceptibility is an inherited pharmacogenetic disorder of calcium regulation resulting in uncontrolled skeletal muscle hypermetabolism with varied presentations, depending on the triggering agents and environmental factors, such as metabolic state and body temperature at the beginning of anesthesia.108
Among the clinical manifestations, hypercapnia is common, as is tachycardia, and hyperthermia follows. However, failure to monitor core temperature may lead to a delay in detecting hyperthermia as peripheral sites for measuring temperature, such as skin temperature are often misleading. Acidosis may be mild if the syndrome is recognized and treated promptly. 
Most of the time, the first manifestations of malignant hyperthermia occur in the operating room. They may appear in fact at any point during the anesthesia process and even close to the termination of anesthesia. In classic malignant hyperthermia, the initial signs are tachycardia, rapidly rising end-tidal C02 and tachypnea. Elevation of end-tidal CO2 above 55 mmHg is one of the earliest metabolic signs of malignant Hyperthermia. Tachypnea is frequently not recognized because most individuals receiving general anesthesia are paralyzed. Shortly after the heart rate increases, the blood pressure may increase, often associated with ventricular arrhythmias induced by sympathetic nervous system stimulation. Thereafter, muscle rigidity or increased muscle tone may become apparent and body temperature increases at a rate of 1 °C to 2 °C every five minutes.

If succinylcholine is used during induction of anesthesia, an acceleration of the manifestations has been observed to occur. Tachycardia, elevation of end-tidal carbon dioxide levels, hypertension, marked temperature elevation, and arrhythmias are seen over the course of five to ten minutes. However, a completely normal response to succinylcholine does not eliminate the need to stay vigilant, as we know in some individuals, inhalation agents may be the other trigger. Malignant hyperthermia may also occur in the early postoperative period, usually within the first hour of recovery from anesthesia. Isolated myoglobinuria without an obvious increase in metabolism in the postoperative period (≤24 hours) should alert the anesthetist to the possibility of malignant hyperthermia.
Rhabdomyolysis is more common when succinylcholine has been used but in some cases rhabdomyolysis does not appear for several hours for reasons that are not elucidated. Hyperkalemia, leading to cardiac arrhythmia and even cardiac arrest, is uncommon if the syndrome is detected and treated promptly but it may also develop remarkably fast.
A Canadian review of 373 cases of malignant hyperthermia recorded between 1992 and 2011, reported a male and Caucasian predominance male with a median age of 23 years. Succinylcholine or volatile anesthetics or both triggered the reaction. The most frequent clinical signs found in this series were hyperthermia in 66,7%, sinus tachycardia in 62%, and hypercarbia in 51.9% while masseter rigidity was the most common initial sign in 29.5%, and the most common complications found were renal and cardiac dysfunction.106
Another study of MH using a North American MH registry of cases reported between 1987 and 2006 showed that nonfatal complications occurred in 35% of these individuals. Some of these complications included cardiac, renal, or hepatic dysfunction, coma, pulmonary edema, and disseminated intravascular coagulation.108
Differential Diagnosis
The following syndromes share common elements with malignant hyperthermia: 
· Sepsis is accompanied by hyperthermia, hypercarbia, acidosis and leukocytosis. However, rigidity is uncommon, as is marked elevation of serum creatine kinase concentration.

· Overheating during anesthesia especially in the pediatric population causes hyperthermia, tachycardia, and sometimes acidosis.
· Ischemic encephalopathy is manifest by failure to awaken from anesthesia, muscle rigidity sometimes progressing to opisthotonus, hyperthermia, and tachycardia. However, if seizures are common in this condition, they are not expected in malignant hyperthermia.
· Thyrotoxicosis is characterized by hyperthermia, hypercarbia, and tachycardia but not muscle rigidity.

Prophylaxis of Malignant Hyperthermia
Preventive measures for individuals presenting a susceptibility trait are based on the following general recommendations:107
· Obtain a thorough anesthetic history for any individual undergoing anesthesia to determine the possibility of the individual or a family member having experienced a malignant hyperthermia episode. When there is suspicion of susceptibility, family members should not be given recognized trigger agents.
· General anesthesia exceeding 30 minutes in duration should include core temperature monitoring with an electronic device.

· Individuals diagnosed with myotonia should not be administered succinylcholine.
· Individuals with central core disease, muscular dystrophy, type Duchenne or Becker, and myopathies should not receive trigger anesthetics.
· Individuals with known malignant hyperthermia susceptibility should carry an identification card or documentation of their susceptibility.

Elimination of Trigger Agents

· Prohibited use of inhalation anesthetics and succinylcholine in susceptible patients.
· Calcium channel blockers should not be given with dantrolene due to the danger of hyperkalemia.
· Serotonin antagonists (5HT3 antagonists) antiemetics should be used with caution.

· Aggressive rewarming should be avoided in patients undergoing cardiac surgery.
Treatment of Malignant Hyperthermia

Early diagnosis is crucial in the successful treatment of MH. The following guidelines have been agreed upon:108
· Discontinue the use of inhalation agent and succinylcholine.
· Lower end-tidal CO2 by increasing minute ventilation.
· Administer dantrolene 2.5mg/kg initial dose. Dantrolene decreases the uncontrolled release of intracellular calcium. Multiple doses of dantrolene may be needed. The suggested upper limit is 10 mg/kg. Continue dantrolene at 1.0 mg/kg every four to eight hours for 24-48 hours, titrating to the desired effect, i.e., resolution of hyperthermia, acidosis, and myoglobinemia.

· Administer iced solutions, ice packs to groin, axilla and neck, and nasogastric lavage with iced solution. Stop cooling measures at core body temperature of 38.5 °C.
· Treat cardiac arrhythmias as needed without using calcium channel blockers.
· Obtain blood gases, serum concentration of electrolytes and creatine kinase, blood and urine myoglobin, and coagulation profile. The earliest sign of rhabdomyolysis is myoglobinuria/myoglobinemia. Serum creatine kinase concentration may remain elevated for days and should be monitored until it returns to normal.
· Treat hyperkalemia with hyperventilation, glucose and insulin, and calcium based on laboratory and cardiovascular changes.
· Ensure urine output of 2.0 mL/kg/hr. with mannitol, furosemide, and fluids as needed.
· Evaluate the need for invasive monitoring and continued mechanical ventilation.
· Observe the patient for at least 36 hours because of the 25% chance of recrudescence following initial treatment.
· Continue Dantrolene for at least 36 hours following successful treatment in a dose of about 1.0 mg/kg every six hours, or more, depending on whether signs of MH are present.
Unintended Intraoperative Awareness
Anesthesia awareness with recall or unintended intraoperative awareness is defined as the unintended consciousness with explicit recall of surgical events. This is the most distressing situation a patient can experience during general anesthesia. It can have devastating psychological impacts, including post-traumatic stress disorders. Awareness experience is varied among individuals. Some patients describe auditory recalls (48%), a feeling of difficult breathing (48%), and painful sensations (28%); they frequently report hearing conversations and helpless feelings.56,57
As discussed previously, there is currently no recognized standard monitoring technique for cerebral function, which could provide an accurate assessment of the consciousness level in anesthetized patients.
Since consciousness mechanisms are the result of many complex interactions in the brain, a better understanding of the neurobiology should lead to the improvement of monitoring technologies and thus enable the anesthetist to assess accurately and in real time the depth of anesthesia in the patient, and avoid unintended awareness. 
Risk Factors
Several factors have been associated to an increased incidence of intraoperative awareness.56 They can be classified into three categories: patients, surgical procedures and anesthetic techniques.
Patient’s Characteristics:
Females are 3 times more at risk than males, and interestingly, they also seem to recover more rapidly from anesthesia than males. Regarding the age, contradicting data exist; some studies have reported a higher incidence below the age of 60, while others have found a higher incidence in elderly patients. Patients addicted to alcohol are at higher risk, unfortunately, they are also bad candidates for regional anesthesia. Also, a previous experience of awareness is a risk factor. 
Patients with difficult airways and difficult intubation are at higher risk. 
In obese patients, half of the accidental awareness occurred during the induction phase. This can be explained by the distribution of the anesthetic agent into the large fatty tissue resulting in the patient awakening after the single bolus. For this reason, the administration of the maintenance dose should not be delayed.
Surgical procedures and types of anesthesia can also influence accidental awareness by the patient during a procedure, which are highlighted below.

Surgical Procedures

· Multiple traumas, patients unstable hemodynamically

· Emergency Cesarean section delivery

· Cardiopulmonary bypass

Anesthetic Techniques

· Intravenous anesthesia (TIVA)

· Use of neuromuscular blocking agents
· Premature lightening of anesthesia at the end of the surgery to speed up the turn over

Detection of Awareness
Detection of awareness is obtained first by clinical examination, which includes watching for movements, eye opening, eyelash reflexes and pupils responses, tearing, perspiration and responses to commands. Monitoring vital signs includes blood pressure, heart rate and end-tidal anesthetic gases evaluation, which may also provide an indication about the depth of anesthesia. However, in some studies, no significant correlation was found between mean arterial pressure/heart rate values and awareness. Interestingly, patient awareness has been reported despite the absence of hypertension or tachycardia during the intraoperative period.
Due to the insufficient accuracy of the available consciousness monitoring (BIS), the detection of intraoperative awareness can be difficult. Moreover, the neuromuscular agents, beta-blocker and calcium channel blocker medication inhibit the indicators of physiological responses such as rapid heart rate, high blood pressure or movement the patient is receiving. In addition, awareness cannot be ascertained during the surgery since the recall can be identified only postoperatively while questioning the patient. Therefore, it is important for the anesthetist to encourage the patient during routine visits in the postoperative care unit, to talk about his/her experience during surgery.
Minor Side Effects of Anesthesia
Sore Throat

In the postoperative period, 10% to 50% of patients complain of hoarseness or pain in the throat, which could be due to the presence of the endotracheal tube during the general anesthesia procedure. These symptoms are usually mild and resolve without any specific treatment.
Eye injuries

Eye injuries are not rare but they are usually minor. Corneal abrasions are painful and may happen due to the absence of the protective eyelid reflex during general anesthesia. Therefore, the eyes must be protected during the procedure by applying an ophthalmic oil-based sterile ointment in the eyes or by taping the eyes, keeping them closed.
Itching
This side effect has been attributed to intravenous administration of opioids. It is transient and responds well to the treatment.
Muscles Aches
Muscle aches have to be differentiated from the deep muscular pain, which can be a symptom of rhabdomyolysis complicating a malignant hyperthermia syndrome, for example. Benign muscle aches in the postoperative period may be due to a prolonged uncomfortable position while lying on the operating table or to the side effects of the neuromuscular blocking agents administered during the surgery.
Occupational Hazards Of The Anesthesia Team 
Members of the anesthesia team are exposed to occupational hazards during the course of patient care. These include risk of needle injury and exposure to blood-borne pathogens and the health effects of waste anesthetic gases. Waste anesthetic gases (WAG) have been described since the first volatile anesthetic was used in the 1840’s. In the mid-eighties epidemiological studies showed evidence of 50% increase in hepatic abnormalities in both exposed males and females, and an increase in the spontaneous abortion rate. 
In the 1990s, Guirguis, et al. compared results of a mail questionnaire from 8032 hospital personnel exposed to anesthetic gases in the operating room, and post-operative care unit, to 2525 non-exposed individuals. The results in the exposed group showed a 198% increase in spontaneous abortion and a 224% increase in congenital anomalies. Over the past decade, there has been more evidence in both human and controlled animal studies that waste anesthetic gases, particularly nitric oxide, may be responsible for carcinogenicity and mutagenicity. 

Waste Anesthetic Gases

Waste anesthetic gases (WAG) have been shown to affect the liver and kidney and nervous system function, as well. In fact, halothane-induced hepatitis in animals serves as a model to study environmental immunopathology. Waste anesthetic gases are small amounts of volatile anesthetic agents that leak from the patient’s breathing circuit into the operating room during the anesthesia procedure. Patients can also exhale nitrous oxide and halogenated anesthetics during the recovery period.
Hepatic cytochrome oxidase 450, which intervenes in halothane metabolism seems to be the link for halothane hepatotoxicity. Animal studies seem to indicate that the neurological involvement might be mediated through an inhibition of B12-dependent enzyme synthesis.23,109 With these issues under consideration, the National Institute for Occupational Safety and Health (NIOSH) and the Occupational Safety and Health Administration (OSHA), which are the federal agencies concerned with health hazards associated to WAGs, warned of the health effects of nitrous oxide and issued steps to monitor and reduce exposure.
Even though the biological effects of inhalation anesthetics are still a matter of debate, the long-term effects of low-level exposure to nitrous oxide seem to be strongly supported. NIOSH recommends that workers should not be exposed to halogenated agents at concentrations >2 ppm when used alone or >.5 ppm when used in combination with nitrous oxide over a period not exceeding one hour. They also recommend that all anesthetic gas machines should be equipped with a scavenging system that collects WAG and that the scavenging system should be turned on before administering gases to minimize exposure of medical personnel.
Detection Methods of WAG 
Detection of WAG can be done using two traditional methods. The first one consists in wearing nitrous oxide badges, very similar to the radiology monitors. These badges are made of an absorbent zeolite molecular sieve with a pore size of 5 angstroms. At the end of the sampling period the badge is double-sealed in a plastic bag and sent to the lab for analysis. The second method uses a small handheld infrared spectrophotometer, which pulls in the nitrous oxide by a small entry port and gives a read-out. Both of these methods measure nitrous oxide as a part per million (ppm).
More recently, visual detection of nitrous oxide by means of infrared thermography has been implemented. This technology has been very useful since then; it has made possible to locate precisely where the gases may be escaping. It has also helped to demonstrate that long after anesthesia was discontinued, the air exhaled by patients still contained nitrous oxide. Consequently, the exposure of the personnel in the post-operative care unit needs to be monitored as well.23
Active Measures to Reduce Exposure to WAG 
Since anesthetic gases cannot be detected by their odor, NIOSH recommendations within the range of exposure suggest limits for safety. Before the anesthesia procedure begins, it is recommended to check the anesthesia machine, the breathing circuit and to turn on the room ventilation system. One has to make sure the scavenging system is working properly and connected. The mask or the endotracheal tube should be placed on the patient before the start of the gas flow and checked from time to time to ensure that they are in proper position. It is recommended to use the lowest anesthetic gas flow rate possible and to turn the gas off before turning off the breathing system.
Exposure to Blood-borne Pathogens
Finally, anesthetists work regularly with needles. Therefore, all the measures aimed at preventing accidental needle stick injury, should be taken very seriously, in order to eliminate the risk of blood-borne infections, such as human immunodeficiency virus, hepatitis B or C. 
Summary
Working in the field of anesthesiology requires intense vigilance, multi-tasking ability and good communication skills. Nurse anesthetists are part of a multidisciplinary care team with a primary focus on the health, safety and comfort of the patient in the perioperative period. To ensure patient safety during the surgery, it cannot be emphasized enough that the preoperative assessment is essential. This assessment will help in establishing anesthesia risk in the surgical patient. 
With the collaboration of other members of the team, a coherent anesthesia plan can be tailored to fit the patient’s specific conditions. Being prepared to recognize and respond quickly, should a serious adverse event arise during the surgery, or in the immediate postoperative period, is another responsibility of the anesthetist.

Last but not least, the anesthetist’s role is instrumental in bridging the communication gap, which may exist between the patient and other members of the surgical team. By providing timely and adequate preoperative information to the patient, the anesthetist contributes in a meaningful way, to the reduction of risk for the surgical patient.
Surgical techniques and patient care procedures requiring anesthesia evolve through the collaboration of all health team members. More refined surgical techniques might bring more challenges to current anesthesia practice. Some of these challenging issues might be at least partially resolved by a better understanding of brain function and a more in depth knowledge of the structure of receptors at a molecular level, so that their interaction with specific drugs can be predicted. 
With the progress in pharmacogenomics and drug formulation, and the design of a new generation of anesthetics, targeting more specific receptor sites, and thus, with less adverse effects, the practice of anesthesia will gain more in refinement and safety.
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1. Important risk factors for patients who are scheduled for anesthesia include
a. adverse side effects from anesthesia.
b. exposed to waste, anesthetic gases.
c. *the patient’s preoperative medical condition.
d. post-operative fasting.
2. True or False: Anesthesia procedures are ordinarily stressful events, which can precipitate functional decline.

a. *True

b. False

3. When assessing the anesthesia risk of infants, it is important to classify them
a. *as neonates or infants.

b. based on adjusted body weight (ABW).

c. because they do not fast prior to the procedure.

d. All of the above

4. Anesthetic considerations in neonatal surgeries generally are based on the _________________ of the various systems of the newborn.

a. dysfunction
b. disruption in development
c. *physiologic immaturity
d. None of the above
5. ______________ is routinely used in neonates, but the recommendation is that it should be used with caution in children with heart disease and pulmonary hypertension.

a. Propofol
b. Paracetamol
c. *Midazolam
d. Rocuronium
6. According to certain studies, approximately _____ of preterm infants undergo a surgical procedure before being discharged from the neonatal care unit due to complications of prematurity.

a. half
b. 30%
c. *20%
d. 5%
7. True or False: With regards to the drugs used to balance anesthesia, pediatric dosing cannot be derived from a straightforward calculation based on weight as compared with the adult dosing.

a. *True

b. False
8. Most of the common drugs used in pediatric anesthesia care have been tested and validated
a. *in the adult population only.

b. in the pediatric population.
c. in elderly patients because the considerations are the same.

d. in neonates. 
9. Cardiac function in premature infants is limited because the ____________ has a limited compliance.
a. pericardium
b. *myocardium
c. right atrium
d. right ventricle
10. Pulmonary surfactant is not produced in the lungs until
a. the age of 1 month.
b. 32 weeks gestation.
c. one week after birth.
d. *34-36 weeks gestation.
11. Which of the following conditions requires an anesthetist to measure oxygen saturation levels at a preductal site and post ductal site?

a. *Patent ductus arteriosus (PDA)
b. Respiratory distress
c. Hypoxia
d. Hypotension
12. __________________ is important in the lungs because it reduces the surface tension as air and liquid interface in the lung.
a. Oxygen saturation
b. *Pulmonary surfactant
c. Water loss
d. Mucus
13. True or False: A common abnormality in premature infants is the patent ductus arteriosus (PDA) with left to right or right to left cardiac shunt.
a. *True

b. False
14. Premature infants are unable to concentrate their urine therefore they cannot compensate for

a. oxygen saturation.
b. high sodium levels.
c. loss of antidiuretic hormone.
d. *water loss.
15. Preterm infants are unable to retain sodium and have high levels of antidiuretic hormone and for these reasons they can develop

a. hypoxia.
b. hypotension.
c. hypoglycemia.
d. *hyponatremia.
16. _____________ is/are given to the mother during the preterm labor to induce surfactant production.

a. Oxygen
b. Paracetamol
c. *Steroids
d. Rocuronium
17. Research has clearly demonstrated that preterm infants
a. are not able to perceive pain at the lower limit of viability.
b. *have developed pain receptors by 20 weeks of gestation.
c. have the necessary neurotransmitters by 34 weeks.
d. have developed ascending pain pathways by 34 weeks.
18. True or False: Babies have a high oxygen consumption in order to meet their high metabolic rate (more than twice the adults per body weight).
a. *True

b. False
19. A caregiver can only assume the presence of pain but not its intensity in premature infants because
a. a premature infant is not able to perceive pain.
b. caregivers cannot rely on a premature infant’s reflexes.
c. *caregivers must use indirect indicators, e.g., heart rate.

d.  a premature infant does not exhibit facial expressions.
20. Intraventricular hemorrhage occurs in 25 percent of very low birth weight premature, and is a very severe complication which potentially leads to

a. retinopathy.
b. pulmonary embolism
c. tachycardia
d. *cerebral palsy.
21. Anesthetists must limit the administration of oxygen to preterm infants as much as possible, and aim for oxygen saturation in the low 90 percent because higher oxygen saturation could cause
a. increased incidence of apneas.
b. cerebral palsy.
c. hyponatremia.
d. *retinopathy.
22. In babies, a low pulmonary residual capacity puts them at higher risk for ___________ if the ventilation is interrupted.

a. hypoglycemia
b. hypotension
c. hyponatremia
d. *hypoxia
23. Regional anesthesia, including neuraxial techniques, has been proposed as the method of choice in the growing geriatric population where _____________ is the second leading cause of hospitalization.
a. pulmonary embolism
b. tachycardia
c. hypotension
d. *hip fracture
24. _________________ have a lower glomerular filtration rate leading to impaired renal clearance of the medications.

a. The elderly

b. Children
c. *Premature infants
d. Obese patients
25. True or False: There is no evidence that repeated painful procedures early in life can cause any permanent damage.

a. True

b. *False
26. A premature infant’s hematologic system is characterized by the following:
a. *fetal hemoglobin has a decreased ability to release oxygen.

b. a higher level of hemoglobin due to presence of fetal hemoglobin.
c. does not require a hematocrit level of 40%-45%.
d. fetal hemoglobin is slightly lower.
27. The inhalational agent, sevoflurane, is safe in
a. *neonates as young as 9 days of age.

b. infants as young as 2 years of age.
c. infants as young as 6 months of age
d. neonates as young as 21 days of age.
28. Which of the following is/are contraindicated in neonatal analgesics because of the increased risk of apneas?
a. Non-steroid anti-inflammatory drugs
b. *Opiates
c. Paracetamol
d. Sevoflurane
29. There is a renewed interest in regional anesthesia because of the concerns about ___________ caused by anesthetic agents and post-operative apnea in the newborn.

a. hypoglycemia
b. hyponatremia
c. *neurotoxicity
d. hypoxia
30. True or False: Drug clearance in neonates and infants is the same as in the adult population so the doses, the intervals and the result of exposure to multiple agents are the same.
a. True

b. *False
31. Preterm infants on mechanical ventilation who were administered ______________, had higher composite outcome of severe intraventricular hemorrhage, periventricular leukomalacia or death.
a. propofol
b. rocuronium
c. *midazolam

d. morphine
32. Among the opioids, the use of ______________ has been reported to be safe and efficient in premature infants.

a. morphine
b. rocuronium
c. paracetamol
d. *remifentanil
33. True or False: Propofol can be administered for induction down to 3 years of age and for maintenance down to 2 months of age.
a. *True

b. False

34. Spinal anesthesia is appropriate for lower abdominal and lower extremity surgery in infants

a. so long as there is no concern of postoperative apnea.

b. since general anesthesia is contraindicated.
c. *but a back-up plan for general anesthesia is important.
d. All of the above
35. In preoperative preparation, two questionnaires, named CAGE and AUD tests, have been found useful to detect chronic _____________ in a patient.
a. *alcohol abuse
b. hypertension
c. apnea
d. drug use disorder
36. Patients who suffer from chronic alcoholism require
a. reduced oxidation of ethanol.

b. general anesthesia.
c. a lesser amount of anesthetic drugs.
d. *a greater amount of anesthetic drugs.
37. If the preoperative fasting recommendations have not been followed the anesthetist
a. must forego general anesthesia but may proceed with the procedure.

b. must cancel the procedure.
c. must decide whether to proceed.

d. *and the surgeon must decide whether to proceed depending on what was ingested.

38. Electrolytes should be monitored in __________ users as they seem to be prone to water intoxication.
a. cocaine
b. *ecstasy
c. marijuana
d. opioid
39. True or False: Asthmatic patients who stop smoking before surgery may improve their symptoms and decrease the risk of bronchospasm during anesthesia.
a. True

b. *False

40. ______________ are the most abused neurostimulants drugs taken via snorting, smoking or ingestion routes.

a. *Amphetamines 
b. Opioids
c. Hallucinogens
d. Cannabis products
41. _______________ represents the normal volume of air displaced, without exerting extra effort, between inspiration and expiration.
a. *Tidal volume
b. Positive end-expiratory pressure
c. ASA

d. End-tidal CO2
42. Based on a clinical study, the failure of spinal anesthesia was higher in addicts to
a. marijuana
b. tramadol

c. clonazepam
d. *All of the above
43. A moribund patient who is not expected to survive without the operation is listed as _________ under the ASA system of grading, which correlates the patient’s general health with the risk of anesthesia and surgery.
a. ASA I

b. ASA VI

c. *ASA V

d. ASA III
44. Obesity (30 < BMI < 40) is classified under the ASA grading system as
a. ASA I - A Normal healthy patient
b. ASA VI - A declared brain-dead patient
c. *ASA II - A patient with mild disease
d. ASA III - A patient with severe systemic disease
45. True or False: Presence of the anesthetist throughout the conduct of regional and general anesthesia and monitored anesthesia care.

a. *True

b. False

46. There may be no clinically significant interaction with preoperative arterial pressure and myocardial or kidney injury suggesting that anesthetic management should be based on

a. preoperative values only.
b. *intraoperative values only.
c. induction preferences.
d. emergence values only.
47. Perioperative hypothermia has a characteristic pattern marked by a rapid decrease in temperature during
a. *the first hour of anesthesia

b. the first minutes of anesthesia
c. the last 2 hours of anesthesia.
d. emergence.
48. The majority of anaphylactic reactions occur during ______________ when muscle relaxants, sedatives, and opiates are administered.
a. general anesthesia
b. the maintenance period
c. the emergence period
d. *the induction period
49. True or False: A rectal measurement of temperature is recommended in cardiopulmonary bypass.
a. True
b. *False
50. Bleeding can be significantly influenced by the surgical position of the patient. Which of the following is recommended?
a. *Elevating the operative site above the level of the right atrium
b.  Turn the neck during head and neck surgeries
c. In the prone position, apply pressure on the abdominal wall
d. All of the above
CORRECT ANSWERS:
1. Important risk factors for patients who are scheduled for anesthesia include
c. the patient’s preoperative medical condition.
“Other risk factors for patients who are scheduled for anesthesia are obesity, substance use disorder, preoperative fasting, the patient’s preoperative medical condition. In addition to these pre-procedure concerns, special consideration must be given to the patient who experiences adverse side effects after the administration of anesthesia.”

2. True or False: Anesthesia procedures are ordinarily stressful events, which can precipitate functional decline.

a. True
“Anesthesia procedures are ordinarily stressful events, which can precipitate functional decline.”

3. When assessing the anesthesia risk of infants, it is important to classify them
a. as neonates or infants.
“When assessing the anesthesia risk of infants, it is important to classify them as neonates if they are in their first months of life or infants if they are in their first year.”
4. Anesthetic considerations in neonatal surgeries are based on the _________________ of the various systems of the newborn.

d. physiologic immaturity
“Anesthetic considerations in neonatal surgeries are based on the physiologic immaturity of the various systems of the newborn, associated congenital disorders, and the poor tolerance of anesthetic drugs in this specific population.”

5. ______________ is routinely used in neonates, but the recommendation is that it should be used with caution in children with heart disease and pulmonary hypertension.

c. Midazolam
“Midazolam is routinely used in neonates, but the recommendation is that it should be used with caution in children with heart disease and pulmonary hypertension.”
6. According to certain studies, approximately _____ of preterm infants undergo a surgical procedure before being discharged from the neonatal care unit due to complications of prematurity.

c. 20%

“According to certain studies, approximately 20% of preterm infants undergo a surgical procedure before being discharged from the neonatal care unit due to complications of prematurity.”
7. True or False: With regards to the drugs used to balance anesthesia, pediatric dosing cannot be derived from a straightforward calculation based on weight as compared with the adult dosing.

a. True
“With regards to the drugs used to balance anesthesia, data from the literature provides enough evidence that pediatric dosing cannot be derived from a straightforward calculation based on weight as compared with the adult dosing. This is important because most of the common drugs used in pediatric anesthesia care have been tested and validated in the adult population only. Drug clearance in neonates and infants is variable and cannot be predicted based on adult data so the doses, the intervals and the result of exposure to multiple agents needs to be evaluated for this population.”
8. Most of the common drugs used in pediatric anesthesia care have been tested and validated
a. in the adult population only.
“With regards to the drugs used to balance anesthesia, data from the literature provides enough evidence that pediatric dosing cannot be derived from a straightforward calculation based on weight as compared with the adult dosing. This is important because most of the common drugs used in pediatric anesthesia care have been tested and validated in the adult population only.”
9. Cardiac function in premature infants is limited because the ____________ has a limited compliance.

b. myocardium
“Cardiac function in premature infants is limited because the myocardium has a limited compliance.”

10. Pulmonary surfactant is not produced in the lungs until

d. 34-36 weeks gestation.
“Pulmonary surfactant is not produced until 34-36 weeks gestation.”

11. Which of the following conditions requires an anesthetist to measure oxygen saturation levels at a preductal site and post ductal site?

a. Patent ductus arteriosus (PDA)
“A common abnormality in premature infants is the patent ductus arteriosus (PDA) with left to right or right to left cardiac shunt. This condition requires from the anesthetist to take the measurements of oxygen saturation levels both at a preductal site (right upper extremity) and post ductal site (left upper and either lower extremity).”

12. __________________ is important in the lungs because it reduces the surface tension as air and liquid interface in the lung.
b. Pulmonary surfactant
“Pulmonary surfactant is important because it reduce the surface tension as air and liquid interface in the lung.”
13. True or False: A common abnormality in premature infants is the patent ductus arteriosus (PDA) with left to right or right to left cardiac shunt.

a. True
“A common abnormality in premature infants is the patent ductus arteriosus (PDA) with left to right or right to left cardiac shunt.”

14. Premature infants are unable to concentrate their urine therefore they cannot compensate for

d. water loss.

“Premature infants have a lower glomerular filtration rate leading to impaired renal clearance of the medications; they are unable to concentrate their urine therefore they cannot compensate for water loss through wounds and skin –preterm infants are unable to retain sodium, have high levels of antidiuretic hormone and for this reason they can develop hyponatremia.”
15. Preterm infants are unable to retain sodium and have high levels of antidiuretic hormone and for these reasons they can develop

d. hyponatremia.
“Premature infants have a lower glomerular filtration rate leading to impaired renal clearance of the medications; they are unable to concentrate their urine therefore they cannot compensate for water loss through wounds and skin –preterm infants are unable to retain sodium, have high levels of antidiuretic hormone and for this reason they can develop hyponatremia.”
16. _____________ is/are given to the mother during the preterm labor to induce surfactant production.

c. Steroids
“Steroids are given to the mother during the preterm labor to induce surfactant production and administration of surfactant immediately after birth may improve in some way the ventilation of these babies and reduce the risk of respiratory distress.”

17. Research has clearly demonstrated that preterm infants
b. have developed pain receptors by 20 weeks of gestation.
“Research has clearly demonstrated that preterm infants are able to perceive pain even at the lower limit of viability. Pain receptors are developed by 20 weeks of gestation and ascending pain pathways, including the transduction of pain signals, the transmission and the cortical perception with the necessary neurotransmitters are well established by 23 weeks.”
18. True or False: Babies have a high oxygen consumption in order to meet their high metabolic rate (more than twice the adults per body weight).
a. True
“Babies have a high oxygen consumption in order to meet their high metabolic rate (more than twice the adults per body weight) and a low pulmonary residual capacity which puts them at higher risk for hypoxia if the ventilation is interrupted.”
19. A caregiver can only assume the presence of pain but not its intensity in premature infants because
c. caregivers must use indirect indicators, e.g., heart rate.
“A caregiver can only assume the presence of pain but not its intensity since the caregiver’s judgment is based on indirect indicators such as heart rate and oxygen saturation modifications and limited facial expression such as a brow bulge, eye squeeze and nasolabial furrow.”
20. Intraventricular hemorrhage occurs in 25 percent of very low birth weight premature, and is a very severe complication which potentially leads to

d. cerebral palsy.
“Intraventricular hemorrhage occurs in 25 percent of very low birth weight premature, and is a very severe complication which potentially leads to cerebral palsy.”
21. Anesthetists must limit the administration of oxygen to preterm infants as much as possible, and aim for oxygen saturation in the low 90 percent because higher oxygen saturation could cause
d. retinopathy.
“Retinopathy caused by prematurity, also called oxygen-induced retinopathy, can lead to retinal neovascularization, secondary retinal detachment and blindness; it is typically present in premature babies exposed to oxygen after birth. Anesthetists must limit the administration of oxygen to preterm infants as much as possible, and aim for oxygen saturation in the low 90 percent.”
22. In babies, a low pulmonary residual capacity puts them at higher risk for ___________ if the ventilation is interrupted.

d. hypoxia
“Babies have a high oxygen consumption in order to meet their high metabolic rate (more than twice the adults per body weight) and a low pulmonary residual capacity which puts them at higher risk for hypoxia if the ventilation is interrupted.”
23. Regional anesthesia, including neuraxial techniques, has been proposed as the method of choice in the growing geriatric population where _____________ is the second leading cause of hospitalization.

d. hip fracture
“Regional anesthesia, including neuraxial techniques, has been proposed as the method of choice in the growing geriatric population where hip fracture is the second leading cause of hospitalization. Using a spinal anesthesia in the elderly patient has the advantages of being associated to less deep vein thrombosis, less postoperative cognitive dysfunction, fewer cases of pneumonia and pulmonary embolism, and a faster recovery.”
24. _________________ have a lower glomerular filtration rate leading to impaired renal clearance of the medications.

c. Premature infants
“Premature infants have a lower glomerular filtration rate leading to impaired renal clearance of the medications; they are unable to concentrate their urine therefore they cannot compensate for water loss through wounds and skin –preterm infants are unable to retain sodium, have high levels of antidiuretic hormone and for this reason they can develop hyponatremia.”
25. True or False: There is no evidence that repeated painful procedures early in life can cause any permanent damage.

b. False
“Studies suggest that repeated painful procedures early in life may permanently disrupt the developing central nervous system and be responsible for the development of chronic pain among other dysfunctions.”
26. A premature infant’s hematologic system is characterized by the following:
a. fetal hemoglobin has a decreased ability to release oxygen.
“A premature infant has a lower level of hemoglobin, with a greater proportion of fetal hemoglobin. Fetal hemoglobin has a decreased ability to release oxygen; thus, to maintain the recommended hematocrit level of 40%-45%, blood transfusions may be required in these patients.”
27. The inhalational agent, sevoflurane, is safe in
a. neonates as young as 9 days of age.
“Inhalational agents (sevoflurane in neonates as young as 9 days of age, and desflurane in infants as young as 2 years of age) appear to be safe to use, although there have been reports of neurotoxic effects on the fetus and newborn animal models.”
28. Which of the following is/are contraindicated in neonatal analgesics because of the increased risk of apneas?

b. Opiates
“The dosage of analgesics should be carefully adapted. Paracetamol is commonly used intravenously with appropriate dosage based on the gestational age. Non-steroid anti-inflammatory drugs are contraindicated due to renal immaturity and the use of opiates should be minimized as it can lead to increased risk of apneas.”
29. There is a renewed interest in regional anesthesia because of the concerns about ___________ caused by anesthetic agents and post-operative apnea in the newborn.

c. neurotoxicity
30. True or False: Drug clearance in neonates and infants is the same as in the adult population so the doses, the intervals and the result of exposure to multiple agents are the same.

b. False
“Drug clearance in neonates and infants is variable and cannot be predicted based on adult data so the doses, the intervals and the result of exposure to multiple agents needs to be evaluated for this population.”
31. Preterm infants on mechanical ventilation who were administered ______________, had higher composite outcome of severe intraventricular hemorrhage, periventricular leukomalacia or death.
c. midazolam
“A pilot NOPAIN trial, where mechanically ventilated preterm infants were assigned to either midazolam, morphine or placebo groups, found that infants in the midazolam group had higher composite outcome of severe intraventricular hemorrhage, periventricular leukomalacia or death compared to infants in the morphine group.”
32. Among the opioids, the use of ______________ has been reported to be safe and efficient in premature infants.

d. remifentanil
“Among the opioids, the use of remifentanil has been reported to be safe and efficient in premature infants. Morphine, which is commonly used in the neonatology intensive care unit for analgesia, has been associated to an increased incidence of intra-ventricular hemorrhage and electroencephalographic alterations.”
33. True or False: Propofol can be administered for induction down to 3 years of age and for maintenance down to 2 months of age.

a. True
“Propofol can be administered for induction down to 3 years of age and for maintenance down to 2 months of age.”
34. Spinal anesthesia is appropriate for lower abdominal and lower extremity surgery in infants

c. but a back-up plan for general anesthesia is important.
“Another study found that spinal anesthesia is an appropriate alternative to general anesthesia for lower abdominal and lower extremity surgery in infants. However, given the high rate of failure of regional anesthesia reported in certain series (20%), having a back-up plan for general anesthesia was stressed.”
35. In preoperative preparation, two questionnaires, named CAGE and AUD tests, have been found useful to detect chronic _____________ in a patient.

a. alcohol abuse
“A history of chronic alcohol use should be carefully researched in all adolescent and adults during the preoperative assessment for both general and regional anesthesia. Two questionnaires, named CAGE and AUD tests, have been found useful to detect a chronic abuse.”
36. Patients who suffer from chronic alcoholism require

d. a greater amount of anesthetic drugs.
“Patients who suffer from chronic alcoholism require a greater amount of anesthetic drugs.”
37. If the preoperative fasting recommendations have not been followed the anesthetist

d. and the surgeon must decide whether to proceed depending on what was ingested.
“If the fasting recommendations have not been followed, the anesthetist in concert with the surgeon should evaluate the risk and benefits of proceeding, with consideration given to the amount and type of food or liquids ingested.”
38. Electrolytes should be monitored in __________ users as they seem to be prone to water intoxication.
b. ecstasy
“Electrolytes should be monitored in ecstasy users as they seem to be prone to water intoxication.”
39. True or False: Asthmatic patients who stop smoking before surgery may improve their symptoms and decrease the risk of bronchospasm during anesthesia.

b. False
“… stopping smoking before surgery in asthmatics may worsen their symptoms and increase the risk of bronchospasm during anesthesia.”
40. ______________ are the most abused neurostimulants drugs taken via snorting, smoking or ingestion routes.

a. Amphetamines

“Amphetamines: They are the most abused neurostimulants drugs taken via snorting, smoking or ingestion routes.”
41. _______________ represents the normal volume of air displaced, without exerting extra effort, between inspiration and expiration.
a. Tidal volume
“Tidal volume represents the normal volume of air displaced, without exerting extra effort, between inspiration and expiration.”
42. Based on a clinical study, the failure of spinal anesthesia was higher in addicts to

a. marijuana
b. tramadol

c. clonazepam
d. *All of the above
“Based on a clinical study, the failure of spinal anesthesia was higher in addicts to marijuana, tramadol and clonazepam, than in subjects without addition;….”

43. A moribund patient who is not expected to survive without the operation is listed as _________ under the ASA system of grading, which correlates the patient’s general health with the risk of anesthesia and surgery.
c. ASA V
“The ASA system of grading, which was originally introduced as a description of the physical status, provides also a mean to correlate the patient’s general health with the risk of anesthesia and surgery. ASA V: A moribund patient who is not expected to survive without the operation.”
44. Obesity (30 < BMI < 40) is classified under the ASA grading system as
c. ASA II – A patient with mild disease
“The ASA system of grading, which was originally introduced as a description of the physical status, provides also a mean to correlate the patient’s general health with the risk of anesthesia and surgery. ASA II: A patient with mild disease: Obesity (30 < BMI < 40).”
45. True or False: Presence of the anesthetist throughout the conduct of regional and general anesthesia and monitored anesthesia care.

a. True
“Recommendations made by the Association of Anesthetists of Great Britain & Ireland (AAGBI), and the American Society of anesthesiologists are summarized as follows: … Presence of the anesthetist throughout the conduct of regional and general anesthesia and monitored anesthesia care.”
46. There may be no clinically significant interaction with preoperative arterial pressure and myocardial or kidney injury suggesting that anesthetic management should be based on

b. intraoperative values only.
“A recent study assessed the relationship between myocardial and kidney injury and intraoperative mean arterial pressure and the reduction from preoperative pressure. The study found that there was no clinically significant interaction with preoperative pressure suggesting that anesthetic management should be based on intraoperative values only.”
47. Perioperative hypothermia has a characteristic pattern marked by a rapid decrease in temperature during

a. the first hour of anesthesia
“Perioperative hypothermia has a characteristic pattern marked by a rapid decrease in temperature during the first hour of anesthesia followed by a slow linear decrease for 2 to 3 hours, reaching finally a plateau.”
48. The majority of anaphylactic reactions occur during ______________ when muscle relaxants, sedatives, and opiates are administered.
d. the induction period
“The majority of anaphylactic reactions occur during the induction period when muscle relaxants, sedatives, and opiates are administered. The most commonly reported initial signs are pulselessness, difficulty in lung inflation.”
49. True or False: A rectal measurement of temperature is recommended in cardiopulmonary bypass.

b. False
“A rectal measurement of temperature is not recommended as it can be affected by the presence of stool, and bacteria that generate heat. Therefore the recorded measurement has a tendency to exceed the actual core temperature. This method should be definitely abandoned in cardiopulmonary bypass.”
50. Bleeding can be significantly influenced by the surgical position of the patient. Which of the following is recommended?
a. Elevating the operative site above the level of the right atrium
“Bleeding can be significantly influenced by the surgical position of the patient. Elevating the operative site above the level of the right atrium facilitates venous drainage and decreases local venous pressure. Twisting the neck during head and neck surgeries interferes with jugular venous drainage and thus should be avoided wherever possible. In the prone position, minimizing pressure on the abdominal wall and thus on the inferior veina cava should be helpful. If this is the case, the anesthetist should not hesitate to communicate his/her concern to the surgical team.”
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