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    The ongoing struggle with coronavirus has resulted in a forced distance between the professor and his students. Moreover, we lost our loved ones and colleagues. The importance of pediatric surgery has been compromised due to the neglect of this delicate specialized field, resulting in the loss of many cases due to the loss of the correct written curriculum. I decided with my students, at the final stage of studying medicine, that we would have a hand that writes and a hand that works to save children with surgical problems that require surgical intervention. It might be simple at first, but we believe it is more than that. For a child with the slightest trace of a birth defect, to live for decades would be a blessing. Therefore, we started to communicate, consult, summarise, disagree, and agree through the closed electronic circuit; accordingly, the result of these efforts is the book titled “Essentials of Pediatric Surgery” that we are now putting in the hands of our students and our dear colleagues to serve as the best guide in the field of pediatric surgery. We have summarized the important chapters of the international references related to pediatric surgery that benefit medical students and trainees to enter the field of specialization in pediatric surgery. All thanks and appreciation to those who contributed, participated, and gave their time. We are full of happiness and joy because we did not succumb to the coronavirus epidemic and its repercussions, and we hope that the earth will be free of coronavirus. We stand a minute of silence in respect of those who have passed. It is necessary to note the great effort made by Dr. Houreleen H. Salman in following up the book step by step and all those who contributed and participated in it. I do not forget the continuous support of the Dean of the College of Medicine, Professor Raed Reda Omran; I give them all my love and respect.
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      Abstract




      The survival of the neonates is dependent on the physiological charac-teristics that enable them to adapt themselves initially to the placenta and then to the extra uterine environment. Of all the pediatric patients, neonates exhibit the most distinguishing physiological features that ensure their rapid development. This chapter focuses on the physiological characteristics exhibited by the neonates in the intrauterine as well as the extra uterine environment.


    




    

      Keywords: Growth, Neonate, Physiology.


    




    


    * Corresponding author Sultan M. Ghanim: ME Unit, Medical College, University of Kufa, Iraq;


    Tel: +9647816669997; E-mail: sultanmalsaadi@uokufa.edu.iq


    


  




  

    

      PHYSIOLOGY OF NEWBORN




      Newborns are classified based on gestational age vs. weight, and gestational age vs. head circumference and length. Preterm infants are those born before 37 weeks of gestation. Term infants are those born between 37 and 42 weeks of gestation. Post-term infants have a gestation that exceeds 42 weeks [1]. Small for-gestational-age (SGA): Babies whose weight is below the 10th percentile for age. Large for-gestational - age (LGA): Those at or above the 90th percentile for age. The babies whose weight falls between these extremes are appropriate-for- gestational-age (AGA). Premature infants are characterized as moderately low birth weight (1501_2000g) Very low birth weight (1001_1500g) extremely low birth weight (less than 1000g). SGA newborns are thought to suffer intrauterine growth retardation (IUGR) as a result of placental, maternal, or fatal abnormalities, conditions associated with IUGR are shown in Fig. (1.1) [2].




      Although SGA infants may weigh the same as premature infants, they have different physiologic characteristics. Due to intrauterine malnutrition, bodyfat levels are frequently below 1% of the total bodyweight. This lack of body fat increases the risk of Hypothermia in SGA infants. Hypoglycaemia is the most




      common metabolic problem for neonates and develops earlier in SGA infants due to higher metabolic activity and reduced glycogen stores. The red blood cell (RBC) volume and the total blood volume are much higher in the SGA infant compared with the preterm AGA or the non-SGA full-term infant. Infants born before 37 weeks of gestation, regardless of birth weight, are considered premature. The physical exam of the premature infant reveals many abnormalities.




      
[image: ]


Fig. (1.1))


      Diagram of conditions associated with deviations in intrauterine growth. (Adapted from Simmons R. Abnormalities of fatal growth, in: Gleason CA, Devaskar SU, Eds. Avery’s Diseases of the Newborn. Philadelphia: Saunders; 2012. p. 51.



      Special problems with the preterm infant include the following:




      

        	Weak suck reflex




        	Inadequate gastrointestinal absorption




        	Hyaline membrane disease (HMD)




        	Intraventricular hemorrhage




        	Hypothermia




        	Patent ductus arteriosus




        	Apne




        	Hyperbilirubinemia




        	Necrotizing enter colitis (NEC)




        	Specific Physiologic Problems of the Newborn


      


    




    

      Hypoglycaemia




      Clinical signs of hypoglycaemia are nonspecific and subtle. Seizure and coma are the most common manifestations of severe hypoglycaemia. Neonatal hypoglycaemia is generally defined as a glucose level lower than 50 mg/dL [3]. Infants who are at high risk for developing hypoglycaemia are those who are premature; SGA; or born to mothers with gestational diabetes, severe preeclampsia, or HELLP (hemolysis, elevated liver enzymes, low platelet count). Newborns that require surgical procedures are at particular risk of developing hypoglycaemia; therefore, a 10% glucose infusion is typically started on admission to the hospital. Hypoglycaemia is treated with an infusion of 1–2 mL/kg (4–8 mg/kg/ min) of 10% glucose. If an emergency operation is required, concentrations of up to 25% glucose may be used. Traditionally, central venous access has been a prerequisite for glucose infusions exceeding 12.5%.


    




    

      Hyperglycemias




      Hyperglycemias is a common problem associated with the use of parenteral nutrition in very immature infants born at less than 30 weeks’ gestation and birth weight of less than 1.1 kg. These infants are usually less than 3 days of age and are frequently septic [4]. Hyperglycemias appear to be associated with both insulin resistance and relative insulin deficiency, reflecting the prolonged catabolism seen in very low birth weight infants. Congenital hyperinsulinism refers to an inherited disorder that is the most common cause of recurrent hypoglycaemia in infants. This group of disorders was previously referred to as nesidioblastosis. Nesidioblastosis is a term used to describe hyperinsulinemiahypoglycaemia attributed to dysfunctional pancreatic beta cells with a characteristically abnormal histological appearance.


    




    

      Calcium




      Calcium is actively transported across the placenta of the total amount of calcium transferred across the placenta, 75% is observed after 28 weeks’ gestation, which partially accounts for the high incidence of hypocalcaemia in preterm infants. Neonates are predisposed to hypocalcaemia due to limited calcium stores, renal immaturity, and relative hypoparathyroidism secondary to suppression by high fetal calcium levels [5]. Hypocalcaemia is defined as an ionized calcium level of less than (1.22) mmol/L (4.9 mg/dL) [6]. At greatest risk for hypocalcaemia are preterm infants, newborn surgical patients, and infants born to mothers with complicated pregnancies, such as those with diabetes or those receiving bicarbonate infusions. Calcitonin, which inhibits calcium mobilization from the bone, is increased in premature and asphyxiated infants. Signs of hypocalcaemia are similar to those of hypoglycaemia and may include jitteriness, seizures, cyanosis, vomiting, and myocardial arrhythmias. Symptomatic hypocalcaemia is treated with 10% calcium gluconate administered intravenous at a dosage of 1–2 mL/kg (100–200 mg/kg) over 30 minutes while monitoring the electrocardiogram for bradycardia [4]. Asymptomatic hypocalcaemia is best treated with calcium gluconate in a dose of 50 mg of elemental calcium/kg/ day added to the maintenance fluid: 1 mL of 10% calcium gluconate contains 9 mg of elemental calcium.


    




    

      Magnesium




      Magnesium is actively transported across the placenta. Half of total body magnesium is in the plasma and soft tissues. Hypomagnesaemia is observed with growth retardation, maternal diabetes, after exchange transfusions, and with hypoparathyroidism. Magnesium deficiency should be suspected and confirmed in an infant who has seizures that do not respond to calcium therapy. Emergent treatment consists of magnesium sulphate 25–50 mg/kg IV every 6 hours until normal levels are obtained.


    




    

      Blood volume




      Total RBC volume is at its highest point at delivery. Estimations of blood volume for premature infants, term neonates, and infants are summarized in Table 1.1. By about 3 months of age, total blood volume per kilogram is nearly equal to adult levels as infants recover from their postpartum physiologic nadir. A Hematocrit greater than 50% suggests placental transfusion has occurred. Although this effects on haemoglobin levels does not persist, iron stores are positively impacted up to 6 months of age by delayed cord clamping.




      

        Table (1.1) Estimation of Blood Volume.




        

          

            

              	Group



              	Blood volume (ml/kg)

            


          



          

            

              	Premature infants



              	85-100

            




            

              	Term newborns



              	85

            




            

              	1 month <



              	75

            




            

              	3 months to adult



              	70

            


          

        




      


    




    

      Haemoglobin




      At birth, nearly 80% of circulating haemoglobin is fetal (a2Aγ2F), when infant Erythropoiesis resumes at about 2–3 months of age, most new haemoglobin is adult. When the oxygen level is 27 mmHg, 50% of the bound oxygen is released from adult haemoglobin (P50 = 27 mmHg) [7].


    




    

      Polycythemia




      A central venous haemoglobin level greater than 22 g/dL or a Hematocrit value greater than 65% during the first week of life is defined as polycythemia. After the central venous Hematocrit value reaches 65%, further increases result in rapid exponential increases in blood viscosity. Neonatal polycythemia occurs in infants of diabetic mothers, infants of mothers with toxaemia of pregnancy, or SGA infants. Polycythemia is treated using a partial exchange of the infant’s blood with fresh whole blood or 5% albumin.


    




    

      Anemia




      

        Haemolytic Anemia




        Haemolyticanaemia is most often a result of placental transfer of maternal antibodies that are destroying the infant’s erythrocytes. This can be determined by the direct Coombs test. The most common severe anaemia is Rh incompatibility. Haemolytic disease in the newborn produces jaundice, pallor, and hepato splenomegaly. ABO incompatibility frequently results in hyperbilirubinemia, but rarely causes anaemia. Congenital infections, Hemoglobinpathies (sickle cell disease), and thalassemia produce haemolyticanaemia. In a severely affected infant with a positive-reacting direct Coombs test result, a cord haemoglobin level less than 10.5 g/ dL, or a cord bilirubin level greater than 4.5 mg/dL, immediate exchange transfusion is indicated,for less severely affected infants, exchange transfusion is indicated when the total indirect bilirubin level is greater than 20 mg/dL.


      




      

        Hemorrhagic Anemia




        Significant anaemia can develop from hemorrhage that occurs during placental abruption. Internal bleeding (intraventricular, subgaleal, meditational, intra-abdominal) in infants can also often lead to severe anaemia. Usually, hemorrhage occurs acutely during delivery. Twin–twin transfusion reactions can produce polycythemia in one baby and profound anaemia in the other.


      




      

        Anemia of Prematurity




        Decreased RBC production frequently contributes to anaemia of prematurity. Erythropoietin is not released until a gestational age of 30–34 weeks has been reached. These preterm infants have large numbers of erythropoietin-sensitive RBC progenitors. Successful increases in Hematocrit levels using epoitin may obviate the need for blood transfusions and reduce the risk of blood born infections and reactions [8].


      




      

        Jaundice




        In the hepatocytes, bilirubin created by hemolysis is conjugated to glucuronic acid and rendered water soluble. Conjugated (also known as direct) bilirubin is excreted in bile. Unconjugated bilirubin interferes with cellular respiration and is toxic to neural cells. Subsequent neural damage is termed kernicterus and produces athletic cerebral palsy, seizures, sensor neural hearing loss, and, rarely, death. Even healthy full-term infants usually have an elevated unconjugated bilirubin level. This peaks about the third day of life at approximately 6.5–7.0 mg/dL and does not return to normal until the tenth day of life. A total bilirubin level greater than 7 mg/dL in the first 24 hours or greater than 13 mg/dL at any time in full-term newborns often prompts an investigation for the cause. Breast-fed infants usually have serum bilirubin levels 1–2 mg/dL greater than formula-fed babies [9, 10]. The common causes of prolonged indirect hyperbilirubinemia are listed in Table 1.2.




        

          Table (1.2) Causes of indirect hyperbilirubinemia.




          

            

              

                	Breast milk jaundice



                	Pyloric stenosis

              


            



            

              

                	Haemolytic disease



                	Crigler-Najjar syndrome

              




              

                	Hypothyroidism



                	Extra vascular blood

              


            

          




        




        Pathologic jaundice within the first 36 hours of life is usually due to excessive production of bilirubin.Phototherapy is initiated for newborns:





        

          	Less than 1500 g, when the serum bilirubin level reaches 5 mg/dL. 



            

              	2.1500–2000 g, when the serum bilirubin level reaches 8 mg/dL.




              	3.2000–2500 g, when the serum bilirubin level reaches 10 mg/dL.


            


          


        




        Formula- fed term infants without haemolytic disease are treated by phototherapy when levels reach 13mg/dL. For haemolytic-related hyperbilirubinemia, phototherapy is recommended when the serum bilirubin level exceeds 10 mg/dL




        by 12 hours of life, 12 mg/dL by 18 hours, 14 mg/dL by 24 hours, or 15 mg/dL by 36 hours [11].


      




      

        Retinopathy of Prematurity




        Retinopathy of prematurity (ROP) develops during the active phases of retinal vascular development from the 16th week of gestation. In full-term infants the retina is fully developed and ROP cannot occur. The exact causes are unknown, but oxygen exposure (greater than 93–95%), low birth weight, and extreme prematurity are risk factors that have been demonstrated [12, 13]. Retro-lental fibroplasias (RLF) are the pathologic change observed in the retina and overlying vitreous after the acute phases of ROP subsides [14-16]. The American Academy of Paediatrics’ guidelines recommend a screening examination for all infants who received oxygen therapy who weigh less than 1500 g and were born at less than 32 weeks’ gestation, and selected infants with a birth weight between 1500 and 2000 g or gestational age of more than 32 weeks with an unstable clinical course, including those requiring cardio respiratory support [17].


      




      

        Fluids and Electrolytes




        At 12 weeks of gestation, the fetus has a total body water content that is 94% of body weight. This amount decreases to 80% by 32 weeks’ gestation and 78% by term. A further 3–5% reduction in total body water content occurs in the first 3–5 days of life. Body water continues to decline and reaches adult levels (approximately 60% of body weight) by 11⁄2 years of age. Extracellular water also declines by 1–3 years of age [18].


      




      

        Shock




        Shock is a state in which the cardiac output is insufficient to deliver adequate oxygen to meet metabolic demands of the tissues. Cardiovascular function is determined by pre-load, cardiac contractility, heart rate, and afterload. Shock may be classified broadly as hypovolemic, Cardiogenic, or distributive (systemic inflammatory response syndrome [SIRS]) septic or neurogenic.


      




      

        Hypovolemic Shock




        In infants and children, most shock situations are the result of reduced preload secondary to fluid loss, such as from diarrhea, vomiting, or blood loss from trauma. Shock resulting from acute hemorrhage is treated with the administration of 20 mL/kg of Ringer’s lactate solution or normal saline as fluid boluses. If the patient does not respond, a second bolus of crystalloid is given. Type-specific or cross-matched blood is given to achieve a SpO2 of 70%. In newborns with a coagulopathy, fresh frozen plasma or specific factors are provided as the resuscitation fluid.


      




      

        Cardiogenic Shock




        Myocardial contractility is usually expressed as the ejection fraction that indicates the proportion of left ventricular volume that is pumped. Myocardial contractility is reduced with hypoxemia and acidosis. Isotropic drugs increase cardiac contractility. Inotropes are most effective when hypoxemia and acidosis are corrected. In cases of fluid-refractory shock and cardiogenic shock, isotropic drugs are necessary. Traditionally, administration of Inotropes requires the adjunct of central venous access. However, initial administration of pressors through peripheral Ivs may be prudent.


      




      

        Distributive Shock




        Distributive shock is caused by derangements in vascular tone from endothelial damage that lead to end-organ hypotension and is seen in the following clinical situations: (1) septic shock, (2) SIRS, (3) anaphylaxis, and (4) spinal cord trauma. Septic shock in the paediatric patient is discussed in further detail.


      




      

        Septic Shock




        Septic shock is a distributive form of shock that differs from other forms of shock. Cardiogenic and hypovolemic shock lead to increased SVR and decreased cardiac output. Septic shock results from a severe decrease in SVR and a generalized maldistribution of blood and leads to a hyper dynamic state [19]. The pathophysiology of septic shock begins with a nidus of infection. Organisms may invade the blood stream, or they may proliferate at the infected site and release various mediators into the blood stream. Substances produced by microorganisms, such as lipopolysaccharide, end toxin, exotoxin, and lipid moieties, and other products can induce septic shock by stimulating host cells to release numerous cytokines, Chemokines, leukotrienes, and endorphins. Therapy has focused on developing antibodies to end toxin to treat septic shock. Antibodies to end toxin have been used in clinical trials of sepsis with variable results [20-22]. TNF is released primarily from monocytes and macrophages. It is also released from natural killer cells, mast cells, and some activated T-lymphocytes.IL-1 is produced primarily by macrophages and monocytes. IL-1, previously known as the endogenous progeny, plays a central role in stimulating a variety of host responses, including fever production, lymphocyte activation, and endothelial cell stimulation, to produce pro- coagulant activity and to increase adhesiveness. IL-2, also known as T-cell growth factor, is produced by activated T-lymphocytes and strengthens the immune response by stimulating cell proliferation. It’s clinically apparent side effects include capillary leak syndrome, tachycardia, hypotension, and increasedcardiac index, decreased SVR, and decreased left ventricular ejection fraction. Preterm and term newborns have poor responses to various antigenic stimuli, reduced gamma globulin levels at birth, and reduced maternal immunoglobulin supply from placental transport [23]. The use of intravenous immunoglobulin’s (IVIGs) for the prophylaxis and treatment of sepsis in the newborn, especially the preterm, low birth weight infant, has been studied in numerous trials with varied outcomes [24]. PC Based on the marginal reduction of neonatal sepsis without a reduction in mortality, routine use of prophylactic IVIG cannot be recommended. Patients with severe septic shock often do not respond to conventional forms of volume loading and cardiovascular supportive medications. The administration of arginine vasopressin has been shown to decrease mortality in adult patients with recalcitrant septic shock (Table 1.3).




        

          Table (1.3) Vasoactive medications commonly used in newborn.




          

            

              

                	Vasoactive Agent



                	Principal Modes of Action



                	Major Hemodynamic Effects



                	Administration and Dosage



                	Indications

              


            



            

              

                	Epinephrine



                	α and β agonist



                	Increases heart rate and myocardial contractility by activating β1 receptors



                	0.1 mL/kg of 1:10,000 solution given IV intracranial, or endotrachea l0.05–1.0 μg/kg/min IV



                	Cardiac resuscitation; short-term use when severe heart failure resistant to other drugs

              




              

                	Norepinephrine



                	α and β agonist



                	Increases BP by vasoconstriction with its greater action on β receptors



                	20–100 ng/kg/min initially, up to 1.0 μg/kg/min as base



                	Shock state with high cardiac output and low systemic vascular resistance

              




              

                	Vasopressin



                	ADH agonist in arterioles



                	May replace basal vasopres-sin levels in cases of severe hypotension



                	0.018–0.12 units/kg/h used as a rescue treatment



                	Restoration of vascular tone in vasodilator shock

              




              

                	Dopamine, low dose



                	Stimulates dopamine receptors



                	Decrease in vascular resistance in splanchnic, renal, and cerebral vessels



                	<5 μg/kg/min IV



                	Useful in managing Cardiogenic or hypovolemic shock or after cardiac surgery

              




              

                	
Dopamine, intermediate dose


                High dose




                	Stimulates β1 receptors; myocardial


                Stimulates α receptors



                	Isotropic response


                Increased peripheral and renal vascular resistance



                	5–10 μg/kg/min IV


                10–20 μg/kg/min IV



                	Blood pressure unresponsive to low dose


                Septic shock with low systemic vascular resistance

              




              

                	Dobutamine



                	Synthetic β1 agonist in low doses; α and β2 effects in higher doses



                	Increased cardiac output, increased arterial pressure; less increase in heart rate than with dopamine



                	1–10 μg/kg/min IV



                	Useful alternative to dopamine if increase in heart rate undesirable

              




              

                	Isoproterenol



                	β1 and β2 agonist



                	Increased cardiac output by positive isotropic and chro-notropic action and increase in venous return; systemic vascular resistance generally reduced; pulmonary vascular resistance generally reduced



                	0.5–10.0 μg/kg/min IV



                	Useful in low-output situations, especially when heart rate is slow

              




              

                	Sodium nitropruside



                	Direct-acting vasodilator that relaxes arteriolar and venous smooth muscle



                	After load reduction; reduced arterial pressure



                	1–10 μg/kg/min IV (for up to ten minutes); 0.5–2.0 μg/kg/min IV



                	Hypertensive crisis; vasodilator therapy

              




              

                	Milrinone



                	Phosphodiesterase inhibitor relaxes arteriolar and venous smooth muscle via calcium/cyclic adenosine monophosphate



                	Increased cardiac output, slight decreased BP, increased oxygen delivery



                	75 μg/kg bolus IV, then 0.75– 1.0 μg/kg/min IV



                	Useful as an alternative or in addition to dopamine (may act synergistically) if increased heart rate undesirable

              


            

          




        


      


    




    

      Anesthetic Considerations for Paediatric Surgical Conditions




      

        Preoperative Anesthesia Evaluation




        Patients undergoing anesthesia benefit from a thorough preanesthetic/preoperative assessment and targeted preparation to optimize any coexisting medical conditions. The ASA Physical Status (PS) score is a means of communicating the condition of the patient but is not intended to represent operative risk and serves primarily as a common means of communication among care providers Table 1.4. Any child with an ASA PS of 3 or greater should be seen by an anaesthesiologist prior to the day of surgery.




        

          Table (1.4) ASA physical status classifications.




          

            

              

                	ASA classification



                	Patient status

              


            



            

              

                	1



                	A normal healthy patient

              




              

                	2



                	A patient with mild systemic disease

              




              

                	3



                	A patient with sever systemic disease

              




              

                	4



                	A patient with sever systemic disease that is a constant threat to life

              




              

                	5



                	A moribund patient who is not expected to survive without the operation

              




              

                	6



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

              




              

                	E



                	An emergency modifier for any ASA classification when failure to immediately correct a medical condition poses risk to life or organ viability

              


            

          




        


      




      

        General Principles




        In addition to the physical examination, the essential elements of the preoperative assessment in all patients are listed in Box 1.1.




        

          Box 1.1 Essential Elements of the Preoperative Assessment (in Addition to Physical Examination).




          

            

              

                	
Vital signs


                Height/weight


                Heart rate


                Respiratory rate


                Blood pressure


                Pulse oximetry (both in room air and with supplemental O2 if applicable)


                Allergies


                Medications


                Cardiac murmur


                history Previous subspecialty encounters


                Past aesthetic history including any adverse per aesthetic


                Events


                Emergence


                delirium


                Postoperative nausea and vomiting


                Difficult intubation


                Difficult IV access


                Past surgical history


                Family history of pseudo cholinesterase deficiency or malignant hyperthermia


              


            

          




        


      




      

        Patient History




        Documentation of allergy status is an essential part of the preoperative evaluation, particularly because prophylactic antibiotics may be administered prior to the incision.Allergies to certain antibiotics (especially penicillin, ampicillin, and cephalosporin) are the most common medication allergies in children presenting for an operation. Anaphylactic allergic reactions are rare, but can be life threatening if not diagnosed and treated promptly.It has been well documented that prophylactic medications (steroids, H1 and H2 blockers) are ineffective in preventing aphylaxis in susceptible patients. If anaphylaxis occurs (hypotension, urticaria or flushing, bronchospasm), the mainstays of treatment are stopping the latex exposure: stopping the operation, changing to no latex gloves, and removing any other sources of latex; andresuscitation: fluids, intravenous (IV) epinephrine (bolus and infusion), steroids, Diphenhaydramine, and ranitidine. Family history should be reviewed for pseudo cholinesterase deficiency (prolonged paralysis after succinylcholine) or any first-degree relative who experienced malignant hyperthermia (MH).


      


    




    

      Miscellaneous Conditions




      

        Malignant Hyperthermia Susceptibility




        The incidence of an MH crisis is 1:15,000 general anaesthetics in children, and 50% of patients who have an MH episode have undergone a prior general anaesthetic without complication. MH is an inherited disorder of skeletal muscle calcium channels, triggered in affected individuals by exposure to either inhalational anaesthetic agent (e.g., isoflurane, desflurane, sevoflurane), succiny-lcholine, or both in combination, resulting in an elevation of intracellular calcium. However, many patients who develop MH have a normal history and physical examination. In the past, patients with mitochondrial disorders were thought to be at risk. Recent evidence suggests that the use of inhaled anaesthetic agents appears safe in this population, but succinylcholine should still be avoided, as some patients may have rhabdomyolysis (elevated CPK, hyperkalemia, myoglobinuria) with hyperkalemia without having MH (Box 1.2).




        

          Box 1.2 Muscle Diseases Associated with Malignant Hyperthermia.




          

            

              

                	
Central core myopathy


                Becker muscular dystrophy


                Duchene muscular dystrophy


                Myotonic dystrophy


                King–Den borough syndrome


              


            

          




        




        The resulting MH crisis is characterized by hyper metabolism (fever, hypercarbia, and acidosis), electrolyte derangement (hyperkalemia), arrhythmias, and skeletal muscle damage (elevated creatine phosphokinase [CPK]). This constellation of events may lead to death if unrecognized and/or untreated. Dantrolene, which reduces the release of calcium from muscle sarcoplasmic reticulum, when given early in the course of an MH crisis, has significantly improved patient outcomes. With early and appropriate treatment, the mortality is now less than 10%. Current suggested therapy can be remembered using the mnemonic “Some Hot Dude Better Give Iced Fluids Fast” and is summarized in Box 1.3 [25].


      




      

        Treatment of Malignant Hyperthermia Crisis




        

          Box 1.3 Treatment of Malignant Hyperthermia Crisis.




          

            

              

                	
“Some Hot Dude Better Give Iced Fluids Fast”


                Stop all triggering agents, administer 100% oxygen Hyperventilate: treat Hypercarbia


                Dantrolene (2.5 mg/kg) immediately


                Bicarbonate (1 mEq/kg): treat acidosis


                Glucose and Insulin: treat hyperkalemia with 0.5 g/kg glucose, 0.15 units/kg insulin


                Iced Intravenous fluids and cooling blanket


                Fluid output: ensure adequate urine output: Furosemide and/or mannitol as needed


                Fast heart rate: be prepared to treat ventricular tachycardia


              


            

          




        


      




      

        Trisomy 21




        Perioperative complications occur in 10% of patients with Trisomy 21 who undergo no cardiac surgery and include severe bradycardia, airway obstruction, difficult intubation, post-intubation croup, and bronchospasm. Patients may experience airway obstruction due to a large tongue and mid-face hyperplasia.The incidence of obstructive sleep apnea (OSA) may exceed 50% in these patients and may worsen after anesthesia and operation. Airway obstruction may persist even after adenotonsillectomy [26]. Many patients with Trisomy 21 have a smaller calibre trachea than children of similar age and size; therefore, a smaller Endotracheal tube (ETT) may be required. Some Trisomy 21 patients may have a longer segment of tracheal stenosis due to complete tracheal rings below the level of the cricoids.27Congenital heart disease (CHD) is encountered in 40–50% of patients with trisomy21. The most common defects are atrial and ventricular septal defects, tetralogy of Fallout, and atrioventricular (AV) canal defects. For children with a cardiac history, records from their most recent cardiology consultation and echocardiogram should be available for review at the time of preoperative evaluation.Patients with Trisomy 21 have laxity of the ligament holding the odontoid process of C2 against the posterior arch of C1, leading to atlantoaxial instability in about 15% of these patients. Cervical spine instability can potentially lead to spinal cord injury in the anaesthetic period. The need for and utility of preoperative screening for this condition is controversial.Even if the radiographic exam is normal, care should be taken preoperatively to keep the neck in as neutral a position as possible, avoiding extreme flexion, extension, or rotation, especially during tracheal intubation and patient transfer.


      




      

        Preoperative Fasting Guideline




        Research performed at our institution has demonstrated that intake of clear liquids (i.e., liquids that print can be read through, such as clear apple juice or Pedialyte) up until 2 hours prior to the induction of anesthesia does not increase the volume or acidity of gastric contents [28]. Our policy is to recommend clear liquids until 2 hours prior to the patient’s scheduled arrival time. Breast milk is allowed up to 3 hours before arrival for infants up to 12 months of age. Infant formula is allowed until 4 hours before arrival in infants <6 months old, and until 6 hours before arrival in babies 6–12 months old. All other liquids (including milk), solid food, candy, and gum are not allowed <8 hours before induction of anesthesia. Although these are the guidelines for our institution, the surgeon should be aware that NPO (nil per os) guidelines are variable and institutionally dependent.


      




      

        Laboratory Tests




        At the time of consultation, selected laboratory studies may be ordered, but routine laboratory work is usually not indicated. Policies vary among institutions regarding the need for preoperative haemoglobin testing. In general, for any patient undergoing a procedure with the potential for significant blood loss and need for transfusion a complete blood count (CBC) should be performed in the preoperative period. Certain medications, particularly anticonvulsants (tegretol, depakote), may be associated with abnormalities in blood components (white blood cells, red blood cells, platelets), making a preoperative CBC desirable. Although serum electrolytes are not routinely screened, electrolytes may be helpful in patients on diuretics. Preoperative glucose should be monitored in neonates, insulin- dependent diabetic patients, and also in any patient who has been receiving parenteral nutrition or IV fluids with a dextrose concentration >5% prior to surgery.Routine pregnancy screening in all females who have passed menarche is strongly recommended. An age-based guideline (at our institution, any female >11 years of age) may be preferable.The nature of the planned operation may also require additional studies, such as coagulation screening (Prothrombin time [PT], partial thromboplastin time [PTT], international normalized ratio [INR]) prior to craniotomy, tonsillectomy, or surgeries with anticipated large blood loss.


      




      

        Post Anaesthetic Apnea




        Even without the additional burden of anaesthetic/opioid- induced respiratory depression, the risk of apnea is increased in ex-premature infants due to the immaturity of the central and peripheral chemoreceptor, with blunted responses to hypoxia and hypercapnia.In addition, anaesthetic agents decrease upper airway, chest wall, and diaphragmatic muscle tone, thereby further depressing the ventilator response to hypoxia and hypercapnia. Also, although most apneic episodes occur within the first 2 hours after anesthesia, apnea can be seen up to 18 hours postoperatively. The increased risk of apnea impacts post anaesthetic care of infants born prematurely, mandating that those at high risk be admitted for cardio respiratory monitoring. A Hematocrit<30% was identified as an independent risk factor, with the recommendation that ex-premature infants with this degree of anaemia be hospitalized postoperatively for observation regardless of post conceptual age.


      




      

        Anterior Meditational Mass




        It has long been recognized that the anaesthetic management of the child with an anterior meditational mass (AMM) can be very challenging and fraught with the risk of sudden airway and cardiovascular collapse. Patients presenting with AMMs (e.g., lymphoma) are at particularly high risk of airway compromise and cardiovascular collapse with the induction of general anesthesia due to compression of the trachea, great vessels, or right-sided cardiac chambers when intrinsic muscle tone is lost and spontaneous respiration ceases [29, 30]. The absence of signs and symptoms of airway compression and cardiovascular compromise does not preclude the possibility of life-threatening airway collapse or cardiovascular obstruction upon induction of anesthesia. Several studies have confirmed the lack of correlation between presenting cardiopulmonary symptoms and the presence of airway or vascular compression on computed tomography (CT) scan, emphasizing the importance of preoperative testing regardless of reported symptomatology in order to best assess Perioperative risk [31, 32]. The preoperative evaluation should begin with a careful history to elicit any respiratory symptoms that could indicate the presence of tracheal compression and/or tracheomalacia, including cough, dyspnea, wheezing, chest pain, dysphagia, orthopnea, and recurrent pulmonary infections. Symptoms may be positional, occurring when supine and improving when sitting. Chest CT is helpful in planning the anaesthetic technique and in evaluating the potential for airway compromise during anesthesia Echo-cardiograph is useful to assess the pericardial status, myocardial contractility, and compression of the cardiac chambers and major vessels, and should be performed in as supine a position as possible. Flow-volume loops and fluoroscopy can also provide a dynamic assessment of airway compression that other tests cannot assess. When possible, percutaneous biopsy of the mass using local anesthesia with or without judicious doses of sedative medication is often ideal and poses the least risk to the patient (Figs. 2 and 3).
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Fig. (2))


        This algorithm is useful for decision making regarding eligibility for outpatient surgery.
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Fig. (3))


        This algorithm describes management of the patient with a large anterior meditational mass. GA, general anesthesia; SVCS, superior vena cava syndrome (Adapted from Cheung S, Lerman J. Meditational masses and anesthesia in children, in: Riazi J, editor, The Difficult Paediatric Airway. Anesthesiol Clin North Am 1998; 16:893–910).

      




      

        Endocarditic Prophylaxis




        Lesions associated with increased risk of infective endocarditic (IE) in children include cyanotic CHD, endocardium cushion defects, and left-sided lesions, with the relative risk of developing IE highest in the 6 months following cardiac surgery and in patients <3 years of age [33].


      


    




    

      Special Issues in Patients with Congenital Heart Disease




      

        Pulmonary Hypertension




        In children with CHD, prolonged exposure of the pulmonary vascular bed to high flows secondary to left-to-right shunting, pulmonary venous obstruction, or high left atrial pressures can lead to elevated pulmonary artery (PA) pressures and the development of pulmonary hypertension (PH). Other paediatric populations at risk for the development of PH include an increasing population of premature infants with BPD, and children with chemotherapy-induced PH, genetic conditions such as glycogen storage diseases and heritable PH, certain connective tissue diseases, and port pulmonary hypertension. Aesthetic management strategies are guided by three considerations: (1) appropriate manipulation of factors affecting pulmonary vascular resistance (PVR); theeffects of anaesthetic agents on PVR; and (3) maintenance of cardiac output (CO) and coronary perfusion pressures. Increases in PVR can potentially culminate in RV failure if excessive [34, 35]. Normal preload should be maintained and hypotension avoided in these patients in order to optimize CO, coronary artery flow, and oxygen supply to the RV. Dopamine, epinephrine, and Milrinone should be available to improve cardiac function if necessary, and inhaled nitric oxide should also be available intraoperative.


      




      

        Cyanosis and Polycythemia




        Cyanosis in patients with CHD can be the result of either right-to-left shunting with inadequate pulmonary blood flow (PBF) or admixture of oxygenated and deoxygenated blood in the systemic circulation. Severe, longstanding cyanosis causes a variety of systemic derangements including hematologic, neurologic, vascular, respiratory, and coagulation abnormalities. During preoperative evaluation, the child’s baseline range of haemoglobin–oxygen saturation, heart rate, and blood pressure should be noted along with any history of stroke, seizure, or pre-existing neurologic defects. Care should be taken intraoperative to maintain normal fluid balance and cardiac function. The use of air filters in the IV lines and meticulous attention to air in volume lines without filters is essential to avoid the occurrence of paradoxical emboli in children with right-to-left shunts. Controlled ventilation is recommended for all but the shortest procedures due to the ventilator abnormalities in these patients. Preoperative phlebotomy is recommended only in patients who have Hematocrit ≥ 65%, are experiencing symptoms of hyper viscosity, and are not dehydrated. The acute onset of symptomatic hyper viscosity syndrome can be seen in cyanotic patients whose Hematocrit abruptly increases due to dehydration. In these patients, rehydration is recommended rather than phlebotomy (Box 1.4).




        

          Box 1.4 Cardiac Conditions for Which Antibiotic Prophylaxis with Dental, Respiratory Tract, Gastrointestinal, and Genitourinary Procedures is Indicated.




          

            

              

                	
Congenital heart disease (CHD)


                Unrepaired cyanotic CHD, including palliative shunts and conduits


                Completely repaired congenital heart defect with prosthetic material or device, whether placed by


                surgery or by catheter intervention, during the first 6 months after the procedure


                Repaired CHD with residual defects at the site or adjacent to the site of a prosthetic patch or prosthetic device (which inhibit endothelialization)


                Cardiac transplantation recipients who develop cardiac valvulopathy


                Prosthetic cardiac valves


                Previous infective endocarditic


              


            

          




        


      




      

        The Difficult Pediatric Airway




        The patient with a “difficult airway” may require advanced airway management techniques in order to secure his or her airway including the lighted stylet, video laryngoscope, flexible fibber optic bronchoscope, direct laryngoscope with incubating stylet, fibber optic rigid laryngoscope, an anterior commissural scope, laryngeal mask airway (LMA) facilitated fibber optic intubation, cricothyrotomy, and tracheotomy. Anaesthesiologists and facilities do not need availability of all of the listed techniques (Table 1.5).




        

          Table 1.5 Syndromes and Craniofacial Abnormalities Associated With Difficult Intubation.




          

            

              

                	Syndrome



                	Associated Features

              




              

                	Arthrogryposis



                	Limited mouth opening and cervical mobility

              




              

                	Beckwith-wiedmann



                	Macroglossia

              




              

                	Freeman-Sheldon (whistling face)



                	Microsomal

              




              

                	Goldenhar syndrome (hemi facialmicrosomal)



                	Hemi facialmicrosomal, mandiblehyperplasia (uni-or bilateral)

              




              

                	Klippel–feil



                	Limited cervical mobility

              




              

                	Mucopolysaccharidoses (e.g., hurler)



                	Macroglossia, limited cervical mobility, infiltration of tongue, supraglottis

              




              

                	Peirrerobin



                	Micrognathia, glossopteris, cleft palate

              




              

                	Treacher-collins



                	Maxillary, mandiblehyperplasia

              




              

                	Trisomy 21 (down)



                	Macroglossia, subglottic stenosis, atlantoaxial instability
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Fig. (4))


        This algorithm can be useful in the management of the infant/child who is difficult to ventilate and/or intubated (Adapted from Weiss M, Engelhardt T. Proposal for the management of the unexpected difficult paediatric airway. Paediatr Anaesth 2010; 20:454–464, used with the permission of the Difficult Airway Society (DAS).) LMA, Laryngeal Mask Airway.

      




      

        Post Anesthesia Care




        The recovery period for infants and children may be more crucial than for adult patients, with 3–4% of infants and children developing major complications in the recovery period, compared with only 0.5% of adults. Most of these complications occur in the youngest children (<2 years of age) and are most commonly respiratory in nature (Fig. 4) [36].


      




      

        Common Postanestheia Problems




        Postoperative events can include pain, emergence delirium, nausea and/or vomiting, hypoxia, and stridor, which may be due to laryngospasm or subglottic edema. Persistence of these conditions can delay discharge. The most common minor adverse effects of anesthesia include throat pain or discomfort from airway tubes, and postoperative nausea and vomiting (PONV). These issues should be discussed with families preoperatively, along with assurances of prophylaxis and/or treatment if necessary.


      




      

        Postoperative Nausea and Vomiting




        PONV is the most common cause of delayed discharge from the postanestheia care unit (PACU) and the most common reason for unanticipated hospitalization following outpatient operations [37, 38]. Certain procedures, such as strabismus surgery, middle ear surgery, orchidopexy, and umbilical hernia repair, are associated with a >50% incidence of postoperative vomiting. Similarly, the peri-operative use of any opioid is associated with a very high incidence of PONV, even when general anaesthetic drugs associated with a lower incidence of nausea, such as propofol, are used [39]. Common approaches to treat or prevent PONV include alteration of the anaesthetic technique Perioperative administration of an antiemetic (either pro-phylactically or as treatment), and limitation of postoperative oral intake [40, 41].


      




      

        Respiratory Complications




        Respiratory complications are the most serious of the common problems seen postoperatively in infants and children. All respiratory complications are more common in children with a recent history of respiratory tract infection.The incidence of post-intubation croup has decreased from 6% to 1% of all intubated children [42]. This reduction has occurred because of the development and use of sterile, implant-tested ETTs, routine humidification of anaesthetic gases, and the use of an appropriately sized (air leak pressure of <25 cm water) ETT. Laryngospasm, while potentially life threatening, is almost always transient and treatable by early application of continuous positive airway pressure (CPAP) by mask combined, if necessary, with a small dose of propofol (1–2 mg/kg). Rescue with succinylcholine is indicated if oxygen denaturation persists despite CPAP and propofol. Laryngospasm can also occur in the OR during anaesthetic induction or emergence from anesthesia. Patients at an increased risk of late go’s patients include those with a recent history of a URI [43, 44]. Bronchospasm is more common in children with poorly controlled asthma and those exposed to secondhand smoke. It is most often managed with administration of nebulizer β-agonists such as albuterol [44].


      




      

        Intraoperative Awareness




        Intraoperative awareness is a rare but disturbing condition in which patients undergoing an operation and anesthesia can recall surroundings, sounds, events, and sometimes even pain. The definition of intraoperative awareness is: becomingconscious during a procedure performed under general anesthesia, with subsequent explicit memory of specific events that took place during that time. Certainly, the likelihood of a clear memory of a painful event during surgery is a much rarer event than the other events more commonly reported. However, there are multiple adverse consequences of intraoperative awareness, including post-traumatic stress disorder and medical legal implications.


      




      

        Pain Management




        The goal of postoperative pain management should be to achieve good pain relief with minimal adverse effects. Effective pain management is associated with early mobilization, more rapid recovery, and faster return to work, school, and play.The management of pain in infants and children is hampered by the difficult that exists in assessing pain. Many children may respond to pain by emotionally withdrawing from their surroundings, and this may be misinterpreted by the medical and nursing staff as evidence that they have no pain. In addition, when questioned as to their degree of pain, children may not volunteer useful information for fear of painful interventions (e.g., “shots”). Examples of these pain scales include Crying, requires O2, Increased vital signs, Expression, Sleepless (CRIES) for neonates (until 1 month of age), Face, Legs, Activity, Cry, Consol ability (FLACC) from 1 month to age 4 years, FACES for ages 5–9 years and in children who are developmentally appropriate, and a numerical scale for those older than 10 years of age [45, 46].


      




      

        Opioid




        Opioid remain the mainstay in pain control postoperatively, although regional analgesic techniques (epidural or peripheral nerve block) are being increasingly used in infants and children, resulting in a decrease in Perioperative opioid requirements. There are many opioid available for both IV and oral administration, but they all have common adverse effects. These include dose-dependent respiratory depression, dysphagia, somnolence, nausea and vomiting, pruritus, constipation, and urinary retention. Morphine remains the standard by which the potency of other opioid is measured morphine is best administered in a patient-controlled device (patient-controlled analgesia [PCA]) to allow self-titration of medication according to the level of pain experienced. Patients receiving PCA should be continuously monitored for cardiorespiratory depression by monitoring the echocardiogram, respiratory rate, and pulse oxeimetry [47]. When PCA devices are not used, the intermittent bolus administration of morphine to opioid-naive children should be started at 0.05–0.1 mg/kg every 2–4 hours. If the treatment of pain is initiated in the PACU or intensive care setting, similar doses may be administered every 5–10 minutes until the child is comfortable. Fentanyl is a synthetic opioid that usually has a relatively short duration of action as a result of its rapid distribution into fat and muscle due to its high lipid solubility. When compared with morphine, fentanyl is about 100 times more potent. Hydromorphone is a well-tolerated alternative to morphine and fentanyl, and is thought to cause less pruritus and sedation than morphine.


      




      

        Nonsteroidal Anti-Inflammatory Drugs




        Acetaminophen is an effective analgesic for mild to moderate pain and can be administered rectally in the Perioperative period, especially to infants. Rectal absorption is variable and bioavailability is lower, mandating a higher initial dose (30–40 mg/kg) than that administered orally (10–15 mg/kg) [48, 49]. A rectal dose of 30 mg/kg of acetaminophen has proved to have analgesic properties similar to 1 mg/kg of ketorolac. Ketorolac is a nonsteroidal anti-inflammatory drug (NSAID) with both oral and parenteral formulations that has been shown to have excellent pain control characteristics un-associated with PONV or respiratory depression. Dosage recommendations are 0.5 mg/kg IV (maximum dose 30 mg) every 6–8 hours for 48 hours. Due to its effects on renal blood flow and tubular function, ketorolac is contraindicated in patients with pre-existing impairment of renal function.


      




      

        Discharge Criteria




        In general, children should be comfortable, awake, and stable, on room air or back to baseline oxygen supplementation, have age-appropriate vital signs, and be well hydrated before discharge from outpatient surgery. These variables have been quantified with the modified Alderet score as in the Box 1.5.




        

          Box 1.5 Criteria for Discharge Home from the Post anesthesia Care Unit.




          

            

              

                	
Return to preoperative level of consciousness


                Normothermia (≥35.5°C)


                No oxygen requirement (or return to baseline oxygen requirement)


                Return to preoperative level of motor function (excepting expected effects of nerve block) Acceptable pain control


                No ongoing vomiting, minimal nausea


                Absence of surgical bleeding


                At least 30 minutes after last administration of opioid


                Discharge acceptable to surgeon


                Oral intake (if required by surgeon)


              


            

          




        


      




      

        Vascular Access




        Obtaining vascular access of any kind is especially challenging in children. A peripheral intravenous (PIV) cannula is the most commonly used device for venous access. Placement of an intravenous catheter in children can be quite traumatic to the child, the parents, and the attendant health care providers. In some situations, it can be a fairly frustrating and time-consuming procedure, frequently requiring multiple attempts [1]. The specific vascular access device (VAD) and the site chosen for its placement to obtain venous access is based on the indications, urgency of need, and expected duration of use. In an emergency, other options should be considered after a few failed attempts at PIV cannula insertion. Historically, the only available options were a venous cutdown or an emergency central venous catheter (CVC). These options take considerable time and often require the services of a paediatric surgeon. Intraosseous (IO) needle placement is the most common contingency method of emergency vascular access in children. Mechanical IO introducer devices allow for easier training of emergency medical personnel and have improved the success rate of IO placement in the pre-hospital setting. With appropriate training, an IO needle can be placed more quickly than a PIV cannula [2]. In sick neonates, umbilical vessels are frequently cannulated but can be used for only a finite period (maximum of 5 days for an umbilical artery catheter [UAC] and 14 days for an umbilical venous catheter [UVC]) [3, 4]. Early placement of a peripherally introduced central catheter (PICC) is preferable in these infants. Persistence with using PIV cannula leads to higher complication rates and reduces the number of future PICC placement sites. Complications that are common to all types of VADs are extravasations of infuscate, hemorrhage, phlebitis, septicaemia, thrombosis, and thromboembolic. Multiple studies have shown that catheter-related blood stream infections can be prevented with appropriate education and training utilizing insertion and maintenance bundles [4-7].


      




      

        Peripheral Venous Access




        Insertion of a PIV is the most frequently used method of gaining vascular access. In infants and children, PIV access is usually achieved by using the veins on the dorsum of the hand, forearm, dorsum of the foot, medial aspect of the ankle, and the scalp. In infants, the median vein tributaries on the ventral aspect of the distal forearm and wrist and the lateral tributaries of the dorsal venous arch on the dorsum of the foot may be available, but typically allow cannulation of only the finest-diameter catheters. The location of the distal long saphenous vein (anterior to the medial malleolus) is fairly constant and is frequently palpable, making it one of the most popular veins used for PIV access, particularly in infants. It allows a larger catheter and excellent stabilization of the catheter as well. Scalp veins can be readily visible and accessible, but it can be difficult to maintain access for any length of time. Similarly, external jugular vein catheters tend to get dislodged promptly in a moving patient and may be useful for only a short time. Several techniques have been shown to be beneficial in cumulating a peripheral vein, including warming the extremity, transillumination [8] and epidermal vasodilators [9], Ultrasound (US) guidance has been used to obtain access to basilica and brachial veins in the emergency department [10, 11]. Devices utilizing near-infrared imaging of the veins up to a depth of 10 mm are being used routinely in the hospitals, as well as by emergency medical personnel in the field, to find and access peripheral veins in all age groups [8, 12].


      




      

        Umbilical Vein and Artery Access




        Neonates are often managed with catheters placed either in the umbilical vein and/ or one of the umbilical arteries. They can be used for monitoring central venous or arterial pressure, blood sampling, fluid resuscitation, medication administration, and total parenteral nutrition (TPN). To minimize infectious complications, the UVCs are usually removed after a maximum of 14 days [4, 13]. These catheters are typically placed by neonatal nurse practitioners or neonatologists and require dissection of the umbilical cord stump within a few hours of birth.It is possible for the paediatric surgeon to cannulated the umbilical vessels after the umbilical stump has undergone early desiccation. A small vertical skin incision is made above or below the umbilical stump to access the umbilical vein or artery, respectively. Once the fascia is incised, the appropriate vessel is identified, isolated, and cannulated. The tip of the UVC should be positioned at the junction of the inferior vena cava (IVC) and the right atrium (RA) [14] the xiphisternum is a good landmark for the RA/IVC junction. On the chest radiograph, the tip of the UVC should be at or above the level of the diaphragm (Fig. 1.5). These umbilical vessel catheters have been associated with various complications. In addition to tip migration, sepsis and vessel thrombosis can occur. Additionally, UVCs have been associated with perforation of the IVC, extravasations of infuscate into the peritoneal cavity, and portal vein thrombosis [15] UACs are associated with aortic injuries, thromboembolic of the aortic branches, aneurysms of the iliac artery and/or the aorta, paraplegia, and gluteal ischemia with possible necrosis [14].
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Fig. (1.5))


        Abdominal and chest film of a newborn shows the umbilical artery catheter at the level of the seventh thoracic vertebral body (yellow arrow) and the umbilical venous catheter (red arrow) at the level of the diaphragm, these are the recommended positions for these catheters.

      




      

        Peripherally Introduced Central Catheter




        PICC lines provide reliable central venous access in neonates and older children without the need for directly accessing the central veins. PICC lines are suitable for infusion of fluids, medications, TPN, and blood products. Many institutions caring for sick children have developed special teams and protocols for placement of PICC lines to reduce variations in practice and increase availability [16]. The modified Salinger technique is used most frequently. A small PIV catheter (about 24 gauges) is first placed, preferably with US guidance, in a suitable extremity vein such as the basilica, cephalic, or long saphenous vein. A fine guide wire is advanced through the catheter and into the vein, and the initial catheter is removed. The track is then dilated, and a peel-away PICC introducer sheath is advanced over the guide wire. The guide wire is then removed, and the PICC line is introduced through the sheath (Fig. 1.6). The tip of the PICC should be placed at the superior vena cava (SVC)/RA junction or the IVC/RA junction. Tip locations peripheral to these are considered noncentral and are associated with higher complications [17] PICC lines are also eminently suitable for short- to medium-term (weeks) home intravenous therapy of antibiotics or TPN [18]. The most common complications associated with PICC lines are infections, occlusion, and dislodgement of the catheter [36].




        
[image: ]


Fig. (1.6))


        This sequence of three photographs demonstrates peripherally inserted central venous catheter placement using Seldinger technique. (A) The cephalic vein is being accessed in the left antecubital fossa with real-time ultrasound guidance. (B) A vein dilator with peel-away sheath has been situated over the guide wire. (C) The catheter is being advanced through the peel-away sheath.

      




      

        Central Venous Catheters




        With the development of PICC teams and the increasing use of PICC lines, there has been a decline in the use of CVCs in neonates and older children [16]. Non-tunnelled CVCs are used for short- and medium-term indications, whereas surgically placed tunnelled CVCs are used for medium- and long-term indicat-ions. In premature neonates, if PICC placement is not successful, tunnelled CVCs are preferentially used because of their smaller size and durability as opposed to no tunnelled CVCs. The central veins accessed for placement of CVCs are the bilateral internal jugular veins, subclavian veins, and femoral vein. In older children and full-term neonates, the percutaneous Salinger technique is used. Use of US guidance for percutaneous central venous access is the standard of care for the internal jugular and femoral sites. The benefits of US assistance include a higher success rate, faster access, fewer needle passes, and fewer arterial punctures [20-25]. Real-time two- dimensional US guidance is recommended when placing a CVC into the internal jugular vein (IJV) in adults and children in elective situations [22]. The majority of blood stream infections in children are associated with the use of a vascular access device.




        Tunnelled CVCs inserted in the neck veins in neonates have been associated with a higher rate of complications than those placed in the femoral region.


      




      

        Totally Implanted Central Venous Catheter




        Totally implantable intravascular devices (ports) are subcutaneous reservoirs attached to CVCs. The reservoirs are made of a metal or hard plastic shell with a central silicone septum that is penetrated for access. They provide a reliable, long-lasting solution for patients who need intermittent access to their central venous system. They are ideal for patients who desire to be involved in aquatic sports and other physical activities. They are most useful for patients with malignancies, coagulopathy, haemolytic syndromes, and renal failure, all of which require continuous vascular access. Low-profile ports with 5- or 6-Fr catheters are avail-able for use in infants. Larger ports are available with dual lumens. High-flow ports are available (Power Port Bard Access Systems, Salt Lake City, UT) that allow high-pressure injection of intravenous contrast for radiologic imaging. Ports require special noncoring needles to keep the septum from leaking. The reservoir should be implanted in a subcutaneous pocket, over a firm base such as the chest wall. Preferred sites for port placement include the pectoral area, parasternal area, (above and medial to the areola), and the subclavicular area (medial to the anterior auxiliary fold). In females with a concern for cosmoses, the low presternum area and the lateral chest wall (Fig. 1.7) are locations that hide the scar when the port is eventually removed. Ports have been shown to be associated with lower complications in children undergoing outpatient cancer treatment when compared with PICCs and CVCs [26].
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Fig. (1.7))


        This 17-year-old girl is being treated with chemotherapy. On the anteroposterior (A) and lateral (B) chest films, note the portacath has been placed on the lateral aspect of the left thoracic cage, and below her left breast.

      




      

        Intraosseous Access




        Several studies have been published over the past 60 years establishing the safety and electiveness of IO access for infusion of fluids and medications in children, including neonates [27, 28]. IO access has also been shown to be faster than access with a PIV3 and safer than an emergency CVC. Bone marrow consists of rich lattice network of vessels. Whereas the peripheral veins collapse in patients in shock, the vascular spaces in the bone marrow do not [60]. The bioavailability of resuscitative drugs administered through IO access has been well established and shown to be better than that of those administered through an Endotracheal tube [30, 31]. The current Paediatric Advanced Life Support (PALS) recommendation is to establish IO access promptly if PIV access cannot be attained rapidly in neonates and children of all ages who need intravenous drugs or fluids urgently.32In children, the long bones of the lower extremities are used preferentially for IO placement. The proximal tibia is the most common site, followed by the distal femur. With full sterile precautions, a needle designed for bone marrow aspiration is advanced through the cortical bone to access the bone marrow. In an infant, a spinal needle may be used, but in an older child, a generic bone marrow needle or a purpose-designed IO needle such as the widely used Jamshidi needle (Cardinal Health, McGraw Park, IL) is used [30-34]. The anteromedial flat surface of the tibia, 1–3 cm caudal to the tibial tuberosity, is the best site. A small skin incision is made using the tip of a pointed scalpel or a large-bore hypodermic needle. The IO needle is positioned pointing posteriorly and angled slightly caudad. It is then advanced through the cortical bone using ascrewing and unscrewing motion with constant pressure. Once the needle penetrates the outer cortex, a sudden “give” is felt. The needle is held in this position, and the obdurate is removed. A syringe is attached, and bone marrow is aspirated to confirm correct placement. The IO needle is stabilized with a dressing. The distal femur location is accessed by placing the needle 1–3 cm cephalad to the patella, and angled slightly cranial to avoid the growth plate. Contraindications to IO placement include injury or suspected injury to the bone or soft tissue overlying the placement site.


      




      

        Venous Cutdown




        Paediatric surgeons should maintain the knowledge and skills required to perform this procedure [9]. The vessel of choice is the long saphenous vein near the medial malleolus. The vein is superficial, it is of satisfactory size, and there is minimal subcutaneous fat in this location. A transverse incision is made anterior and cephalad to the medial malleolus. The vein is readily identified by dissecting through the thin subcutaneous tissue and is stabilized by placing proximal and distal stay ligatures. The vein is then directly cannulated using a venous catheter of appropriate size relative to the vein, and the catheter is anchored to the adjacent skin.


      




      

        Arterial Catheter




        Intra-arterial catheters allow continuous hemodynamic monitoring and blood sampling. The radial artery at the wrist is most commonly used for intra-arterial access due to the excellent collateral circulation. The dorsalis pedis and posterior tibial arteries are other peripheral sites that may sometimes be used. Femoral arteries are frequently used by cardiologists for catheter-based cardiac interventions and occasionally for monitoring. However, in general, it is advisable not to use the main artery of an extremity for chronic arterial catheter placement to avoid thromboembolic and ischemic complications [5]. Adequacy of collateral arterial supply through the ulnar artery should be confirmed before placement of a radial arterial line by using the Allen test [34]. The right radial artery allows predictable monitoring and sampling.


      




      

        Hemodialysis Catheters




        The current recommendation is to use an autologous arteriovenous fistula (AVF) as the route of choice for hemodialysis. AVFs permit high-flow rates that facilitate effective dialysis [35, 36]. They also are reliable, durable, and, once established, have low complication rates. Because patients are often referred late, and AVFs take time to mature, there is frequently a need for CVCs for immediate dialysis. Temporary and tunnelled long-term, double-lumen hemodialysis catheters are placed preferentially through the right IJV, either percutaneous or by cut down (Fig. 1.8). The larger size of the vein and the straight internal path of the catheter allow a larger catheter to be placed safely through the right IJV. Additionally, use of the IJV avoids possible injury or thrombosis to the SCV, which must be patent to develop a functioning AVF at the wrist. The long- term, cuffed hemodialysis catheters are precurved to allow right IJV placement with tunnelling to the pectoral area. Flow rates achieved through hemodialysis catheters tend to be lower, and they last a relatively short time. AVF is also an option for management of young children with severe haemophilia [37].
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        Infection continues to be a significant source of mortality and morbidity for children despite improvements in antimicrobial therapy, aseptic surgical technique, and postoperative intensive care. Widespread unchecked antibiotic use has led to the development of more resistant organisms, leading to a rather complex and arduous process of selecting the appropriate antibiotic, especially as newer antibiotics is continually developed [1, 2]. In addition, infections with uncommon organisms are becoming more frequent with diminished host resistance from immunosuppressive states such as immaturity, cancer, systemic diseases, and transplant procedures. Surgical infections, by definition, often require some operative intervention, such as incision and drainage (I&D) of an abscess or removal of necrotic tissue, and often do not respond to antibiotics alone.


      




      

        Pathogenesis of Infection




        The evolution of infection involves a complex interaction between the host and the infectious agent. Four components are important: virulence of the organism, size of the inoculums, presence of a nutrient source for the organism, and a breakdown in the host’s defence.


      




      

        Virulence




        The virulence of any microorganism depends on its ability to cause damage to the host. Exotoxin, such as streptococcal hyaluronidase, is digestive enzymes released locally by some organisms that allow the spread of infection by breaking down host extracellular matrix proteins. End toxins, such as lipopolysaccharide, are components of gram-negative cell walls that are released only after bacterial cell death. Once systemically absorbed, end toxins trigger a severe and rapid systemic inflammatory response by releasing various endogenous mediators such as cytokines, bradykinine, and prostaglandins.3Surgical infections occasionally may be polymicrobial, involving various interactions among the microorganisms and toxins.


      




      

        Inoculum




        The size of the inoculums is the second important component of an infection. The number of colonies of microorganisms per gram of tissue is the key determinant. Predictably, any decrease in host resistance decreases the absolute number of colonies necessary to cause clinical disease. In general, if the bacterial population in a wound exceeds 100,000 organisms per gram of tissue, an invasive infection is present [4].


      




      

        Nutrients




        For any inoculums, the environment determines the viability and survival. Therefore, the presence of suitable nutrients for the organism is essential and comprises the third component of any clinical infection. Accumulation of necrotic tissue, hematoma, and foreign matter is an excellent nutrient medium for continued organism growth and spread. Of special importance to the surgeon is the concept of necrotic tissue and infection [5] when present at an infected site, this tissue often needs to be debrided to restore the host–bacterial balance and lead to effective wound healing [6].
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