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Lecture № 1

Topic: “Etiology, pathogenesis, clinic, diagnosis, treatment and prevention of pneumonia in children. Respiratory failure.” 

The actuality of the topic: In resource-rich countries, the annual incidence of pneumonia is estimated to be 3.3 per 1000 in children younger than 5 years and 1.45 per 1000 in children 0 to 16 years. Approximately one-half of children younger than five years of age with community-acquired pneumonia require hospitalization. The annual incidence of pneumonia in children younger than five years from resource-limited countries is estimated to be 231 per 1000, 50-80 percent of children with severe pneumonia required hospitalization.
Aims of the lecture
Acquisition by the master of higher education of knowledge and formation of elements of professional competences in the field of pediatrics and improvement of skills and competences acquired during the study of previous disciplines.
The content of the lecture
TERMINOLOGY

The terms pneumonia and pneumonitis strictly represent any inflammatory condition involving the lungs, which include the visceral pleura, connective tissue, airways, alveoli, and vascular structures. Lower respiratory tract infection (LRTI) is frequently used interchangeably to include bronchitis, bronchiolitis, and pneumonia, or any combination of the three. Pneumonia is defined as a condition typically associated with fever, respiratory symptoms, and evidence of parenchymal involvement, either by physical examination or the presence of infiltrates on chest radiography.
EPIDEMIOLOGY

Mortality — In 2015, lower respiratory tract infections (LRTIs) accounted for nearly 800,000 deaths among children ≤19 years worldwide (31.1 per 100,000 population), second only to neonatal/preterm birth complications. In resource-rich countries, the case fatality rate among hospitalized children <5 years of age was <1 percent. The case fatality rate among hospitalized children <5 years in resource-limited countries ranged from 0.3 to 15 percent. 

Seasonality — Although both viral and bacterial pneumonia occur throughout the year, they are more prevalent during the colder months.
 The mechanisms responsible for this observed seasonality are likely multifactorial including environmental factors (eg, temperature, absolute humidity, sunlight) affecting both the pathogen (virus stability and transmissibility) as well as the host (eg, local, innate, and adaptive immune function) and human behavior patterns (indoor crowding during the winter months enhancing direct transmission of infected droplets).
 In tropical regions, peaks of infection follow no common pattern and can occur during either the wet or dry seasons.

Risk factors

· Lower socioeconomic groups have a higher prevalence of LRTIs

· Congenital heart disease

· Secondary cigarette smoking

· Bronchopulmonary dysplasia

· Cystic fibrosis

· Asthma

· Sickle cell disease

· Neuromuscular disorders, especially those associated with a depressed consciousness

· Some gastrointestinal disorders (eg, gastroesophageal reflux, tracheoesophageal fistula)

· Congenital and acquired immunodeficiency disorders

Effect of vaccines 

Immunization with the Haemophilus influenzae type b (Hib) and pneumococcal conjugate vaccines protects children from invasive disease caused by these organisms. Hib was once a common cause of pneumonia in young children. The universal immunization of infants in the United States and other countries with the PCV has effectively decreased the incidence of pneumonia requiring hospitalization. 

Pneumococcal vaccination also reduces the risk of viral pneumonia in children.
ETIOLOGIC AGENTS: Community-acquired pneumonia

Community-acquired pneumonia (CAP) is an acute infection of the pulmonary parenchyma that is acquired in the community.
The true prevalence of the various etiologic agents in CAP in children is difficult to determine. In infants — Viruses are the most common cause of CAP in infants younger than one year. They account for >80 percent of CAP in children younger than two years. Infants may also develop "afebrile pneumonia of infancy," a syndrome that typically occurs between two weeks and three to four months of age. It is classically caused by Chlamydia trachomatis, cytomegalovirus(CMV), Mycoplasma hominis,and Ureaplasma urealyticum.
In children <5 years

Viruses are the most common etiology of CAP in older infants and children younger than five years of age. They account for up to 50 percent of cases in young children.
· Respiratory syncytial virus (RSV)

· Influenza A and B viruses

· Human metapneumovirus 

· A number of adenovirus serotypes 

· Parainfluenza viruses, usually type 3 

· Enterovirus D68 

· Coronaviruses (229E, OC43, NL63, HKU1) as well as SARS-CoV 

· Rhinovirus 

· Human bocavirus and human parechovirus types 1, 2, and 3 

Bacteria 

Important bacterial causes of pneumonia in preschool children include S. pneumoniae, H. influenzae type b(Hib), nontypeable H. influenzae, Moraxella catarrhalis, S. aureus, S. pyogenes, and atypical bacteria.
 S. pneumoniae, S. aureus, and S. pyogenes are associated with increased morbidity and mortality. S. aureus (particularly community-associated methicillin-resistant S. aureus [CA-MRSA]) and S. pyogenes are becoming increasingly frequent causes of CAP, particularly those complicated by necrosis and empyema.
In children ≥5 years

S. pneumoniae is the most common typical bacterial cause of pneumonia in children older than five years .
Mycoplasma pneumoniae is more common among children ≥5 years than among younger children. 

Chlamidia pneumoniae also is emerging as a frequent cause of pneumonia in older children and young adults.
Although viruses primarily cause pneumonia in young children, the COVID-19 pandemic has demonstrated that SARS-CoV-2 can be responsible for severe pneumonia in older children/adolescents who have risk factors such as obesity. 

ETIOLOGIC AGENTS: Aspiration pneumonia 

When there is a predisposition to aspiration, pneumonia may be caused by anaerobic oral flora, including:

· Anaerobic streptococci (eg, Peptostreptococcus)

· Fusobacterium spp

· Bacteroides spp

· Prevotella melaninogenica

Risk factors for aspiration include a history of seizure, anesthesia, or other episodes of reduced level of consciousness, neurologic disease, dysphagia, gastroesophageal reflux, alcohol or substance abuse, use of a nasogastric tube, or foreign body aspiration.
PATHOGENESIS

Pneumonia occurs because of an impairment of host defenses, invasion by a virulent organism, and/or invasion by an overwhelming inoculum.

In the typical scenario, pneumonia follows an upper respiratory tract illness that permits invasion of the lower respiratory tract by bacteria, viruses, or other pathogens that trigger the immune response and produce inflammation. 

The lower respiratory tract air spaces fill with white blood cells, fluid, and cellular debris. This process reduces lung compliance, increases resistance, obstructs smaller airways, and may result in collapse of distal air spaces, air trapping, and altered ventilation-perfusion relationships. 

 Severe infection is associated with necrosis of bronchial or bronchiolar epithelium  and/or pulmonary parenchyma. 

The agents that cause lower respiratory tract infection are most often transmitted by droplet spread resulting from close contact with a source case. Contact with contaminated fomites also may be important in the acquisition of viral agents, especially respiratory syncytial virus.
Most typical bacterial pneumonias (eg, S. pneumoniae) are the result of initial colonization of the nasopharynx followed by aspiration or inhalation of organisms. Invasive disease most commonly occurs upon acquisition of a new serotype of the organism with which the patient has not had previous experience, typically after an incubation period of one to three days. Occasionally, a primary bacteremia may precede the pneumonia. Atypical bacterial pathogens (eg, Mycoplasma pneumoniae, Chlamydia pneumoniae) attach to respiratory epithelial membranes through which they enter cells for replication.

The viral agents that cause pneumonia proliferate and spread by contiguity to involve lower and more distal portions of the respiratory tract

The pulmonary host defense system is complex and includes anatomic and mechanical barriers, humoral immunity, phagocytic activity, and cell-mediated immunity. Anatomic and mechanical barriers in the upper airway form an important part of the host defense. Particles greater than 10 microns are efficiently filtered by the hairs in the anterior nares or are trapped on mucosal surfaces. The nasal mucosa contains ciliated epithelium and mucus-producing cells. An intact epiglottic reflex helps to prevent aspiration of infected secretions, and the cough reflex helps to expel materials that may be aspirated

Humoral immunity – Secretory IgA is the major immunoglobulin produced in the upper airways and accounts for 10 percent of the total protein concentration of nasal secretions. IgG and IgM enter the airways and alveolar spaces predominantly via transudation from the blood and act to opsonize bacteria, activate complement, and neutralize toxin. Immunoglobulins, surfactant, fibronectin, and complement act as effective opsonins to help eliminate microorganisms (0.5 to 1 micron particles) that reach the terminal airways and alveoli. Free fatty acids, lysozyme, and iron-binding proteins also are present and may be microbicidal.

Phagocytic cells – There are two populations of phagocytic cells in the lung: polymorphonuclear leukocytes from the blood and macrophages

The alveolar macrophage is located in the alveolar fluid and is the first phagocyte encountered by inert particles and potential pathogens entering the lung. If this cell is overwhelmed, it has the capacity to become a mediator of inflammation and produce cytokines that recruit neutrophils. Interstitial macrophages are located in the lung connective tissue and serve both as phagocytic cells and antigen-processing cells.The intravascular macrophage is located in capillary endothelial cells and phagocytizes and removes foreign material entering the lungs via the bloodstream.
Cell-mediated immunity – Cell-mediated immunity is especially important against certain pathogens, including viruses and intracellular microorganisms that can survive within pulmonary macrophages. Although relatively few in number (5 to 10 percent of the total lung parenchyma cell population), lymphocytes play three critical roles: the production of antibody, cytotoxic activity, and the production of cytokines.
Pathologic patterns of bacterial pneumonia 

· Lobar pneumonia – Involvement of a single lobe or segment of a lobe. This is the classic pattern of S. pneumoniae pneumonia

· Bronchopneumonia – Primary involvement of airways and surrounding interstitium. This pattern is sometimes seen in Streptococcus pyogenes and Staphylococcus aureus pneumonia.

· Necrotizing pneumonia (associated with aspiration pneumonia and pneumonia resulting from S. pneumoniae, S. pyogenes, and S. aureus).

· Caseating granuloma (as in pneumonia caused by Mycobacterium tuberculosis and the endemic mycoses).

· Interstitial and peribronchiolar with secondary parenchymal infiltration – This pattern typically occurs when a severe viral pneumonia is complicated by bacterial pneumonia.

CLINICAL PRESENTATION 

The clinical presentation of childhood pneumonia varies depending upon the responsible pathogen, the particular host, and the severity. The presenting signs and symptoms are nonspecific; no single symptom or sign is pathognomonic for pneumonia in children. Symptoms and signs of pneumonia may be subtle, particularly in infants and young children. The combination of fever and cough is suggestive of pneumonia; other respiratory findings (eg, tachypnea, increased work of breathing) may precede the cough.
Neonates and young infants may present with difficulty feeding, restlessness, or fussiness rather than with cough and/or abnormal breath sounds.
Older children and adolescents may complain of pleuritic chest pain (pain with respiration), but this is an inconsistent finding. 

Occasionally, the predominant manifestation may be abdominal pain (because of referred pain from the lower lobes) or nuchal rigidity (because of referred pain from the upper lobes) .
In a multicenter population-based study that included 2358 children <18 years hospitalized with radiographic evidence of pneumonia, 95 percent had cough, 90 percent had fever, 75 percent had anorexia, 70 percent had dyspnea, and 55 percent had chest wall retractions. 

CLINICAL EVALUATION

Objectives — The evaluation of the child with cough and potential lower respiratory tract disease has three goals: 

· The identification of the clinical syndrome (eg, pneumonia, bronchiolitis, asthma)

· Consideration of the etiologic agent (eg, bacteria, virus)

· An assessment of the severity of the illness 

Important aspects of the history in a child with pneumonia

General examination

· General appearance – In the young infant, assessment of general appearance includes the ability to attend to the environment, to feed, to vocalize, and to be consoled. State of awareness and cyanosis should be assessed in all children, although children may be hypoxemic without cyanosis. Most children with radiographically confirmed pneumonia appear ill. 

· Fever – Fever is a common manifestation of pneumonia in children. However, it is nonspecific and variably present. Young infants may have afebrile pneumonia related to Chlamydia trachomatis or other pathogens. Fever may be the only sign of occult pneumonia in highly febrile young children.
Examination

Tachypnea – Children with pneumonia often have tachypnea, but tachypnea is less predictive of radiographically confirmed pneumonia than hypoxia or increased work of breathing. Lack of tachypnea is helpful in excluding pneumonia.
Respiratory distress – Signs of respiratory distress include tachypnea, hypoxemia (peripheral arterial oxygen saturation [SpO2] <90 percent on room air at sea level), increased work of breathing (intercostal, subcostal, or suprasternal retractions; nasal flaring; grunting; use of accessory muscles), apnea, and altered mental status. 

Oxygen saturation should be measured in children with increased work of breathing, particularly if they have a decreased level of activity or are agitated. Infants and children with hypoxemia may not appear cyanotic. Hypoxemia is a sign of severe disease and an indication for admission. Signs of respiratory distress are more specific than fever or cough for lower respiratory tract infection, but less sensitive. 

 Signs of respiratory distress that are predictive of pneumonia include hypoxemia (defined differently in different studies, usually oxygen saturation <94 to 96 percent in room air), retractions, head bobbing, and nasal flaring. However, the absence of these findings does not exclude pneumonia.
Lung examination: Examination findings consistent with radiographically confirmed pneumonia

Examination findings consistent with radiographically confirmed pneumonia include:

· Crackles

Findings consistent with consolidated lung parenchyma, including:

· Decreased breath sounds

· Bronchial breath sounds (louder than normal, with short inspiratory and long expiratory phases, and higher-pitched during expiration)

· Bronchophony (the distinct transmission of sounds such as the syllables of "ninety-nine")

· Whispered pectoriloquy (transmission of whispered syllables)

· Tactile fremitus (eg, when the patient says "ninety-nine")

· Dullness to percussion

Wheezing is more common in pneumonia caused by atypical bacteria and viruses  than bacteria; it is also a characteristic feature of bronchiolitis and asthma 

Findings suggestive of pleural effusion include 

· chest pain with splinting

· dullness to percussion, distant breath sounds

· pleural friction rub

RADIOLOGIC EVALUATION

Routine chest radiographs are not necessary to confirm the diagnosis of suspected CAP in children with mild, uncomplicated lower respiratory tract infection who are well enough to be treated as outpatients. 

Indications

· Severe disease (to confirm the diagnosis and assess for complications) 

· Confirmation/exclusion of the diagnosis when clinical findings are inconclusive

· Hospitalization (to document the presence, size, and character of parenchymal infiltrates and evaluate potential complications)

· History of recurrent pneumonia

· Exclusion of alternate explanations for respiratory distress (eg, foreign body aspiration, heart failure), particularly in patients with underlying cardiopulmonary or medical conditions 

· Assessment of complications, particularly in children whose pneumonia is prolonged and unresponsive to antimicrobial therapy 

· Exclusion of pneumonia in young children (3 to 36 months) with fever >39°C (102.2°F) and leukocytosis (≥20,000 white blood cell [WBC]/microL) and older children (<10 years) with fever >38°C (100.4°F), cough, and leukocytosis (≥15,000 WBC/microL) 

Other imaging techniques 

High-resolution computed tomography and ultrasonography are available for patients who require more extensive imaging or clarification of radiographic findings.  Although the potential utility of bedside lung ultrasonography for detecting lung consolidation in pediatric emergency department and inpatient settings has been reported.
LABORATORY EVALUATION

Complete blood count – CBC usually is not necessary for children with mild lower respiratory tract infection (LRTI) who will be treated as outpatients, unless the CBC will help determine the need for antibiotic therapy. CBC should be obtained in infants and children who require hospital admission. Certain CBC findings, described below, are more characteristic of bacterial, atypical bacterial, or viral pneumonias. However, the findings overlap and cannot reliably differentiate between the etiologic agents.

White blood cell (WBC) count <15,000/microL suggests a nonbacterial etiology, except in the severely ill patient, who also may be neutropenic and have a predominance of immature cells.

WBC count >15,000/microL is suggestive of pyogenic bacterial disease. However, children with M. pneumoniae, influenza, or adenovirus pneumonia also may have WBC count >15,000/microL

Peripheral eosinophilia may be present in infants with afebrile pneumonia of infancy, typically caused by C. trachomatis.
Acute phase reactants – Acute phase reactants, such as the erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and serum procalcitonin (PCT), need not be routinely measured in fully immunized children  with CAP managed as outpatients. However, for those with more serious disease requiring hospitalization, measurement of acute phase reactants may provide useful information to assist clinical management.

Acute phase reactants should not be used as the sole determinant to distinguish between viral and bacterial etiologies of CAP but may be helpful in following the disease course, response to therapy, and in determining when therapy can be discontinued.
Diagnosis

Clinical diagnosis — The diagnosis of pneumonia should be considered in infants and children with respiratory complaints, particularly cough, tachypnea, retractions, and abnormal lung examination. The diagnosis of pneumonia can be made clinically in children with fever and historical or physical examination evidence of an infectious process with symptoms or signs of respiratory distress. 

Radiographs are not necessary in children with mild pneumonia. Tachypnea, nasal flaring, grunting, retractions, and hypoxia increase the likelihood of pneumonia. The absence of tachypnea is helpful in excluding pneumonia; the absence of the other signs is not. 

Radiographic confirmation — An infiltrate on chest radiograph confirms the diagnosis of pneumonia in children with compatible clinical findings, although chest radiographs must be interpreted with caution in children with asthma and comorbid viral infection. 

Radiographs should be obtained in children who require hospitalization, those in whom the diagnosis is uncertain, and in those with severe, complicated, or recurrent pneumonia. 

Radiographic confirmation is not necessary in children with mild, uncomplicated lower respiratory tract infection who will be treated as outpatients.
Radiographic findings cannot reliably distinguish between bacterial, atypical bacterial, and viral etiologies of pneumonia. Radiographic findings should be used in conjunction with clinical and microbiologic data to make therapeutic decisions.
Rapid diagnostic tests 

When available, we suggest rapid diagnostic tests for hospitalized patients. Results of rapid diagnostic tests can be helpful in making treatment or cohorting decisions for infants and children who are admitted to the hospital with probable bacterial, mixed bacterial/viral, viral, or atypical bacterial CAP.
· Respiratory syncytial virus 

· Influenza viruses 

· Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

· Parainfluenza viruses 

· Adenovirus 

· M. pneumoniae 

· Chlamydia spp 

· Human metapneumovirus 

DIFFERENTIAL DIAGNOSIS

· Noninfectious mimics of pneumonia 

· Оther causes of tachypnea 

· Bronchiolitis 

· Sepsis 

· Metabolic acidosis

· Comorbid asthma and viral respiratory infection 

· Comorbid noninfectious lung disease 

· COMPLICATIONS

· Pleural effusion and empyema 

· Necrotizing pneumonia 

· Lung abscess 

· Pneumatocele

· Hyponatremia

INDICATIONS FOR HOSPITALIZATION

The decision to hospitalize a child with CAP is individualized based upon age, underlying medical problems, and clinical factors including severity of illness.  Hospitalization generally is warranted for infants younger than three to six months. Hospitalization is also warranted for a child of any age whose caregivers cannot provide appropriate care and assure compliance with the therapeutic regimen.
INDICATIONS FOR HOSPITALIZATION

· Hypoxemia 

· Dehydration, or inability to maintain hydration orally; inability to feed in an infant

· Moderate to severe respiratory distress: Respiratory rate >70 breaths per minute for infants <12 months of age and >50 breaths per minute for older children; difficulty breathing (grunting, nasal flaring, retractions); apnea

· Toxic appearance (more common in bacterial pneumonia and may suggest a more severe course) 

· Underlying conditions that may predispose to a more serious course of pneumonia (eg, cardiopulmonary disease, genetic syndromes, neurocognitive disorders), may be worsened by pneumonia, even viral pneumonia (eg, metabolic disorder) or may adversely affect response to treatment (eg, immunocompromised host)

· Complications (eg, effusion/empyema, necrotizing process, abscess) ●Suspicion or confirmation that CAP is due to a pathogen with increased virulence, such as Staphylococcus aureus or group A Streptococcus

· Failure of outpatient therapy (worsening or no response in 48 to 72 hours)

Outpatient empiric antimicrobial therapy

Children with CAP who are treated in the outpatient setting are treated empirically. It is not necessary to obtain laboratory or radiographic data in an attempt to suggest a bacterial etiology in children who are well enough to be treated as outpatients.
Decisions regarding empiric antimicrobial therapy for CAP in children are usually based upon age unless there are other overriding epidemiologic or clinical factors to suggest a specific etiologic agent.
· Age 6 months to 5 years – We recommend that empiric antibiotic therapy for CAP in children six months to five years of age who are thought to have bacterial pneumonia (eg, abrupt onset, moderate to severe respiratory distress, and supportive laboratory data if obtained. We prefer high-dose amoxicillin for S. pneumoniae coverage

· Age ≥5 years

· Suspected typical bacterial pneumonia – For children ≥5 years with clinical features strongly suggestive of typical bacterial (eg, S. pneumoniae) pneumonia, amoxicillin is the drug of choice 

· Suspected atypical bacterial pneumonia – We initiate a macrolide antibiotic for initial empiric therapy for suspected atypical CAP  in children ≥5 years who are treated as outpatients

Duration of antimicrobial therapy – In infants and children four months and older with uncomplicated pneumonia, the usual duration of antimicrobial therapy is seven days for agents other than azithromycin; for children with mild disease and adequate follow-up, five days may be sufficient, provided that the child has been afebrile for 24 hours and shows clinical improvement. The course of azithromycin is five days.
Follow-up

Children who are treated for CAP as outpatients should have follow-up within 24 to 48 hours. Those whose condition has worsened at follow-up should be evaluated for potential complications and hospitalized.
Children recovering from CAP may continue to cough for several weeks to four months, depending upon the etiology. Those recovering from typical or atypical bacterial pneumonia may have moderate dyspnea on exertion for two to three months. 

Follow-up radiographs in children with uncomplicated CAP who remain asymptomatic are not needed. Follow-up radiographs two to three weeks after completion of therapy may be helpful in children with recurrent pneumonia, persistent symptoms, severe atelectasis, or unusually located infiltrates. 

Most otherwise healthy children who develop pneumonia recover without any long-term sequelae.
· Main principles of inpatient treatment

· Empiric antibacterial treatment

· Supportive care

· Respiratory support 

· Antipyresis and analgesia 

· Fluid management

· Adjunctive glucocorticoid therapy 

· Chest physiotherapy 

RESPONSE TO THERAPY

The following clinical parameters can be monitored to assess response to treatment:

· Temperature

· Respiratory rate

· Heart rate

· Peripheral capillary oxygen saturation (SpO2)

· Work of breathing (eg, retractions, nasal flaring, grunting)

· Chest examination (extent of abnormal or absent breath sounds; extent of dullness to percussion)

· Mental status

· Ability to maintain oral intake and hydration

Indications for intensive care

· The need for ventilatory support beyond that which can be provided outside the intensive care unit (ICU; eg, mechanical ventilation, noninvasive positive pressure ventilation, failure to maintain SpO2 >92 percent in fraction of inspired oxygen [FiO2] >0.5)

· Signs of impending respiratory failure (lethargy, increasing work of breathing, and/or exhaustion with or without hypercarbia)

· Recurrent apnea or slow irregular respirations

· Cardiovascular compromise with progressive tachycardia and/or hypotension that requires or is refractory to fluid management

Care in the ICU also may be warranted for children with two or more of the following:

· Respiratory rate >70 breaths/minute for infants <12 months of age and >50 breaths/minute for older children

· Apnea

· Increased work of breathing (retractions, dyspnea, nasal flaring, grunting)

· Partial pressure of oxygen in arterial blood (PaO2):FiO2 ratio <250

· Multilobar infiltrates

· Altered mental status

· Hypotension

· Pleural effusion

· Comorbid condition (eg, sickle cell disease, immune deficiency, immunosuppression)

· Unexplained metabolic acidosis
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Lecture № 2
Topic: « Bronchial asthma in children » – 2 hours.

The actuality of the topic: Asthma affects an estimated 300 million individuals worldwide (see Epidemiology). The prevalence of asthma is increasing, especially in children. Annually, the World Health Organization (WHO) has estimated that 15 million disability-adjusted life-years are lost and 250,000 asthma deaths are reported worldwide.  Approximately 500,000 annual hospitalizations (34.6% in individuals aged 18 y or younger) are due to asthma. In the United States, asthma prevalence, having increased from 1980 to 1996, showed a plateau at 9.1% of children (6.7 million) in 2007. The cost of illness related to asthma is around $6.2 billion. Each year, an estimated 1.81 million people (47.8% in individuals aged 18 y or younger) require treatment in the emergency department. Among children and adolescents aged 5-17 years, asthma accounts for a loss of 10 million school days and costs caretakers $726.1 million because of work absence.
Aims of the lecture
Acquisition by the master of higher education of knowledge and formation of elements of professional competences in the field of pediatrics and improvement of skills and competences acquired during the study of previous disciplines.
The content of the lecture
Asthma is a chronic inflammatory disorder of the airways characterized by an obstruction of airflow, which may be completely or partially reversed with or without specific therapy. Airway inflammation is the result of interactions between various cells, cellular elements, and cytokines. In susceptible individuals, airway inflammation may cause recurrent or persistent bronchospasm, which causes symptoms that include wheezing, breathlessness, chest tightness, and cough, particularly at night (early morning hours) or after exercise.

Airway inflammation is associated with airway hyperreactivity or bronchial hyperresponsiveness (BHR), which is defined as the inherent tendency of the airways to narrow in response to various stimuli (eg, environmental allergens and irritants).
Pathophysiology

Interactions between environmental and genetic factors result in airway inflammation, which limits airflow and leads to functional and structural changes in the airways in the form of bronchospasm, mucosal edema, and mucus plugs.

Airway obstruction causes increased resistance to airflow and decreased expiratory flow rates. These changes lead to a decreased ability to expel air and may result in hyperinflation. The resulting overdistention helps maintain airway patency, thereby improving expiratory flow; however, it also alters pulmonary mechanics and increases the work of breathing.

Hyperinflation compensates for the airflow obstruction, but this compensation is limited when the tidal volume approaches the volume of the pulmonary dead space; the result is alveolar hypoventilation. Uneven changes in airflow resistance, the resulting uneven distribution of air, and alterations in circulation from increased intra-alveolar pressure due to hyperinflation all lead to ventilation-perfusion mismatch.

Vasoconstriction due to alveolar hypoxia also contributes to this mismatch. Vasoconstriction is also considered an adaptive response to ventilation/perfusion mismatch.

In the early stages, when ventilation-perfusion mismatch results in hypoxia, hypercarbia is prevented by the ready diffusion of carbon dioxide across alveolar capillary membranes. Thus, patients with asthma who are in the early stages of an acute episode have hypoxemia in the absence of carbon dioxide retention. Hyperventilation triggered by the hypoxic drive also causes a decrease in PaCO2. An increase in alveolar ventilation in the early stages of an acute exacerbation prevents hypercarbia.

With worsening obstruction and increasing ventilation-perfusion mismatch, carbon dioxide retention occurs. In the early stages of an acute episode, respiratory alkalosis results from hyperventilation. Later, the increased work of breathing, increased oxygen consumption, and increased cardiac output result in metabolic acidosis. Respiratory failure leads to respiratory acidosis. Fatigue is also a potential contributor to respiratory acidosis.

Role of inflammation

Chronic inflammation of the airways is associated with increased BHR, which leads to bronchospasm and typical symptoms of wheezing, shortness of breath, and coughing after exposure to allergens, environmental irritants, viruses, cold air, or exercise. In some patients with chronic asthma, airflow limitation may be only partially reversible because of airway remodeling (hypertrophy and hyperplasia of smooth muscle, angiogenesis, and subepithelial fibrosis) that occurs with chronic untreated disease.

New insights in the pathogenesis of asthma suggest that lymphocytes play a role. Airway inflammation in asthma may represent a loss of normal balance between two "opposing" populations of T helper (Th) lymphocytes. Two types of Th lymphocytes have been characterized: Th1 and Th2. Th1 cells produce interleukin (IL)-2 and interferon-α (IFN-α), which are critical in cellular defense mechanisms in response to infection. Th2, in contrast, generates a family of cytokines (interleukin-4 [IL-4], IL-5, IL-6, IL-9, and IL-13) that can mediate allergic inflammation.

The hygiene hypothesis

The current "hygiene hypothesis" of asthma illustrates how this cytokine imbalance may explain some of the dramatic increases in asthma prevalence in Westernized countries. [6] This hypothesis is based on the concept that the immune system of the newborn is skewed toward Th2 cytokine generation (mediators of allergic inflammation). Over time, environmental stimuli such as infections activate Th1 responses and bring the Th1/Th2 relationship to an appropriate balance.

Evidence suggests that the prevalence of asthma is reduced in children who experience the following events:

· Certain infections (Mycobacterium tuberculosis, measles, or hepatitis A)

· Rural living

· Exposure to other children (eg, presence of older siblings and early enrollment in childcare)

· Less frequent use of antibiotics, including in the first week of life

· Early introduction of fish in the diet

Furthermore, the absence of these lifestyle events is associated with the persistence of a Th2 cytokine pattern.

Under these conditions, the genetic background of the child, with a cytokine imbalance toward Th2, sets the stage to promote the production of immunoglobulin E (IgE) antibody to key environmental antigens (eg, dust mites, cockroaches, Alternaria, and possibly cats). Therefore, a gene-by-environment interaction occurs in which the susceptible host is exposed to environmental factors that are capable of generating IgE, and sensitization occurs.

A reciprocal interaction is apparent between the two subpopulations, in which Th1 cytokines can inhibit Th2 generation and vice versa. Allergic inflammation may be the result of an excessive expression of Th2 cytokines. Alternatively, recent studies have suggested the possibility that the loss of normal immune balance arises from a cytokine dysregulation in which Th1 activity in asthma is diminished. [8]

Results of two recently reported cross sectional studies of children growing up on farms in Central Europe who were exposed to greater variety of environmental microorganisms showed an inverse relationship between microbial exposure and the probability of asthma. 

Genetic factors

Some studies highlight the importance of genotypes in contributing to asthma susceptibility and allergic sensitization, as well as response to specific asthma treatments.

Through the use of cluster analysis, the Severe Asthma Research Program of the National Heart, Lung, and Blood Institute identified 5 phenotypes of asthma. [14] Cluster 1 patients have early-onset atopic asthma with normal lung function treated with two or fewer controller medications and minimal health care utilization. Cluster 2 patients have early-onset atopic asthma and preserved lung function but increased medication requirements (29% on three or more medications) and health care utilization.

Cluster 3 comprises mostly older obese women with late-onset nonatopic asthma, moderate reductions in pulmonary function, and frequent oral corticosteroid use to manage exacerbations. Cluster 4 and cluster 5 patients have severe airflow obstruction with bronchodilator responsiveness but differ in to their ability to attain normal lung function, age of asthma onset, atopic status, and use of oral corticosteroids.

A recently reported meta-analysis of genome-wide association studies of asthma in ethnically diverse North American populations identified 5 susceptibility loci. Four were on previously reported loci on 17q21 and a new asthma susceptibility locus at PYHIN1, which is specific to the African American population.

An Australian study identified 2 new loci with genome-wide significant association with asthma risk: rs4129267 in IL6R and rs7130588 on band 11q13.5. The IL6R association supports the hypothesis that cytokine dysregulation affects asthma risk, hence a specific antagonist to IL6R may help. The results for the 11q13.5 locus suggest its association with allergic sensitization and subsequent development of asthma.

Other factors

A study that examined whether the lipid profile is associated with concurrent asthma concluded that the blood lipid profile is associated with asthma, airway obstruction, bronchial responsiveness, and aeroallergen sensitization in 7-year-old children. Caution must be applied before saying that asthma might be a systemic disorder. First, we don't know if the children with the elevated LDL levels were more likely exposed to higher doses of inhaled, or systemic corticosteroids. The authors did find that those with worse lung function had higher LDL levels. However, it could also be that those children exercised less, a potential cause of obesity and abnormal lipid levels. The BMI was also not reported. 

A 2012 study reported a significant association between lung function deficit and bronchial responsiveness in the neonatal period with development of asthma by age seven years. 

Lemanske et al reported that wheezing illnesses caused by rhinovirus infection during infancy were the strongest predictor of wheezing in the third year of life. 

In a study of preschool children with asthma, Guilbert et al found that 2 years of inhaled corticosteroid therapy did not change the asthma symptoms or lung function during a third, treatment-free year. This suggests that no disease-modifying effect of inhaled corticosteroids is present after the treatment is discontinued.

In a study of children in the Cincinnati area, Reponen et al found that a high Environmental Relative Moldiness Index (ERMI) at age 1 year made asthma at age 7 years more likely. The ERMI did not predict specific mold allergies at age 7 years. Air conditioning made asthma less likely. An elevated ERMI at age 7 years had no correlation with current asthma. Seeing or smelling mold in a home inspection at age 1 year did not correlate with the ERMI or with the development of asthma. They also found that black race, having a parent with asthma, and house dust allergy was predictive of a greater likelihood of asthma.

A recent study from Australia reported that obesity is a determinant of asthma control independent of inflammation, lung function, and airway hyperresponsiveness. A similar association between increased risk of worse asthma control and obesity was reported in a recent retrospective study of 32,321 children aged 5-17 years.

A significant inverse relationship between serum vitamin D levels and patient IgE levels, steroid requirements, and in vitro responsiveness to corticosteroids in children has been reported.

Parental cigarette smoking has been shown to increase the likelihood of asthma. This is more true for maternal smoking, though the authors of one study did not correct for primary caretakers. The more cigarettes the mother smoked, the greater the risk of asthma.

A randomized clinical trial by Sheehan et al evaluated the association in children between frequent acetaminophen use and asthma-related complications. The study found that among young children with mild persistent asthma, as-needed use of acetaminophen was not shown to be associated with a higher incidence of asthma exacerbations or worse asthma control than was as-needed use of ibuprofen.
Etiology

In most cases of asthma in children, multiple triggers or precipitants are recognized, and the patterns of reactivity may change with age. Treatment can also change the pattern. Wheeze is common with respiratory syncytial virus (RSV) bronchiolitis and recurrent wheeze may persist up to 3-5 years. However, RSV is unlikely the sole explanation for the development of atopic asthma later in life. On the other hand, infection with human rhinovirus that requires hospitalization has been associated with future development of asthma (age 6 y).

Respiratory infections

Most commonly, these are viral infections. In some patients, fungi (eg, allergic bronchopulmonary aspergillosis), bacteria (eg, Mycoplasma, pertussis), or parasites may be responsible. Most infants and young children who continue to have a persistent wheeze and asthma have high immunoglobulin E (IgE) production and eosinophilic immune responses (in the airways and in circulation) at the time of the first viral upper respiratory tract infection (URTI). They also have early IgE-mediated responses to local aeroallergens.

Allergens and irritants

In patients with asthma, 2 types of bronchoconstrictor responses to allergens are recognized: early and late. Early asthmatic responses occur via IgE-induced mediator release from mast cells within minutes of exposure and last for 20-30 minutes.

Late asthmatic responses occur 4-12 hours after antigen exposure and result in more severe symptoms that can last for hours and contribute to the duration and severity of the disease. Inflammatory cell infiltration and inflammatory mediators play a role in the late asthmatic response. Allergens can be foods, household inhalants (eg, animal allergens, molds, fungi, roach allergens, dust mites), or seasonal outdoor allergens (eg, mold spores, pollens, grass, trees).

Tobacco smoke, cold air, chemicals, perfumes, paint odors, hair sprays, air pollutants, and ozone can initiate BHR by inducing inflammation.

Other factors

Asthma attacks can be related to changes in atmospheric temperature, barometric pressure, and the quality of air (eg, humidity, allergen and irritant content). In some individuals, emotional upsets clearly aggravate asthma.

Exercise can trigger an early asthmatic response. Mechanisms underlying exercise-induced asthmatic response remain somewhat uncertain. Heat and water loss from the airways can increase the osmolarity of the fluid lining the airways and result in mediator release. Cooling of the airways results in congestion and dilatation of bronchial vessels. During the rewarming phase after exercise, the changes are magnified because the ambient air breathed during recovery is warm rather than cool.

The presence of acid in the distal esophagus, mediated via vagal or other neural reflexes, can significantly increase airway resistance and airway reactivity. Inflammatory conditions of the upper airways (eg, allergic rhinitis, sinusitis, or chronic and persistent infections) must be treated before asthmatic symptoms can be completely controlled.

Multiple factors have been proposed to explain nocturnal asthma. Circadian variation in lung function and inflammatory mediator release in the circulation and airways (including parenchyma) have been demonstrated. Other factors, such as allergen exposure and posture-related irritation of airways (eg, gastroesophageal reflux, sinusitis), can also play a role. In some cases, abnormalities in CNS control of the respiratory drive may be present, particularly in patients with a defective hypoxic drive and obstructive sleep apnea.

Children exposed to higher maternal stress during the pre- and postnatal period were reported to be at higher risk for wheeze. This was only true in non-atopic mothers. [30]

A 2012 Danish study reported an association between maternal obesity (BMI ≥35 and gestational weight gain ≥25 kg) during pregnancy with increased risk of asthma and wheezing in the offspring.

Results of a prospective birth cohort study of 568 pregnant women and their offspring showed that postnatal bisphenol A (BPA) exposure in the first years of a child's life is associated with significantly increased risk for wheeze and asthma. Feeding bottles, sippy cups, or other containers designed for infants may contain it. The study also found, however, that fetal exposure to BPA during the third trimester of pregnancy was inversely associated with risk for wheeze in offspring at age 5 years.
History

Guidelines from the National Asthma Education and Prevention Program, which were updated in 2007, highlight the importance of correctly diagnosing asthma. To establish the diagnosis of asthma, the clinician must confirm the following:

· Episodic symptoms of airflow obstruction are present

· Airflow obstruction or symptoms are at least partially reversible

· Alternative diagnoses are excluded

Thus, obtaining a good patient history is crucial when diagnosing asthma and excluding other causes.

The clinician should establish whether the patient has any of the following symptoms:

· Wheezing

· Cough

· Cough at night

· Cough during or after exercise

· Shortness of breath

· Chest tightness

· Sputum production

The clinician should determine the pattern of symptoms, as follows:

· Perennial, seasonal, or both

· Continuous or intermittent

· Daytime or nighttime

· Onset and duration

The clinician should ask whether any of the following precipitate and/or aggravate symptoms:

· Viral infections

· Environmental allergens

· Irritants (eg, smoke exposure, chemicals, vapors, dust)

· Exercise

· Emotions

· Home environment (eg, carpets, pets, mold)

· Stress

· Drugs (eg, aspirin, beta blockers)

· Foods

· Changes in weather

The presence of other conditions that may affect asthma should be determined. Such conditions may include the following:

· Thyroid disease

· Pregnancy

· Menses

· Gastroesophageal reflux disease (GERD)

· Sinusitis

· Rhinitis

Questions about the development and treatment of the patient’s disease should touch on the following:

· Age at onset and diagnosis

· Progression of symptoms (better or worse)

· Improvement with bronchodilators

· Use of oral corticosteroids

The family history should include any history of asthma, allergy, sinusitis, rhinitis, eczema, or nasal polyps in close relatives, and the social history should cover factors that may contribute to nonadherence of asthma medications, as well as any illicit drug use.

The history of exacerbations should include the usual prodromal signs or symptoms, rapidity of onset, associated illnesses, number in the last year, and need for hospitalization. Symptoms of asthma may include wheezing, coughing, and chest tightness, among others. Patients with persistent asthmatic symptoms are more likely to experience severe asthma exacerbations.

Wheezing

A musical, high-pitched, whistling sound produced by airflow turbulence is one of the most common symptoms. The wheezing usually occurs during exhalation.

In the mildest form, wheezing is only end expiratory. As severity increases, the wheeze lasts throughout expiration. In a more severe asthmatic episode, wheezing is also present during inspiration. During the most severe episodes, wheezing may be absent because of the severe limitation of airflow associated with airway narrowing and respiratory muscle fatigue.

Asthma can occur without wheezing when obstruction involves predominantly the small airways. Thus, wheezing is not necessary for the diagnosis of asthma. Furthermore, wheezing can be associated with other causes of airway obstruction, such as cystic fibrosis and heart failure.

Patients with vocal cord dysfunction have a predominantly inspiratory monophonic wheeze/sound (different from the polyphonic wheeze in asthma), which is heard best over the laryngeal area in the neck. Patients with bronchomalacia and tracheomalacia also have a monophonic wheeze.

In exercise-induced or nocturnal asthma, wheezing may be present after exercise or during the night, respectively.

Coughing and chest tightness

Cough may be the only symptom of asthma, especially in cases of exercise-induced or nocturnal asthma. Usually, the cough is nonproductive and nonparoxysmal. In addition, coughing may be present with wheezing. Children with nocturnal asthma tend to cough after midnight, during the early hours of morning. A history of tightness or pain in the chest may be present with or without other symptoms of asthma, especially in exercise-induced or nocturnal asthma.

Other nonspecific symptoms

Infants or young children may have a history of recurrent bronchitis, bronchiolitis, or pneumonia; a persistent cough with colds; and/or recurrent croup or chest rattling. Most children with chronic or recurrent bronchitis have asthma. Asthma is the most common underlying diagnosis in children with recurrent pneumonia. Older children may have a history of chest tightness and/or recurrent chest congestion.

In an acute episode, symptoms vary according to the severity of the episode. During a mild episode, patients may be breathless after physical activity such as walking. They can talk in sentences and lie down, and they may be agitated. During a moderate-to-severe episode, patients are breathless while talking. Infants have feeding difficulties and a softer, shorter cry.

During a severe episode, patients are breathless during rest, are not interested in feeding, sit upright, talk in words (not sentences), and are usually agitated. With imminent respiratory arrest (in addition to the aforementioned symptoms), the child is drowsy and confused. However, adolescents may not have these symptoms until they are in frank respiratory failure.
Physical Examination
The clinical picture of pediatric asthma varies. Symptoms may be associated with upper respiratory tract infections (URTIs), nocturnal or exercise-induced asthmatic symptoms, and status asthmaticus.

Status asthmaticus, or an acute severe asthmatic episode that is resistant to appropriate outpatient therapy, is a medical emergency that requires aggressive inpatient management. This may include admission to an ICU for the treatment of hypoxia, hypercarbia, and dehydration and possibly for assisted ventilation because of respiratory failure.

Physical findings vary with the absence or presence of an acute episode and its severity.

Findings in the absence of an acute episode

The physical findings between acute episodes vary with the severity of the asthma. During an outpatient visit, a patient with mild asthma may have normal findings on physical examination. Patients with more severe asthma are likely to have signs of chronic respiratory distress and chronic hyperinflation.

Signs of atopy or allergic rhinitis, such as conjunctival congestion and inflammation, ocular shiners, a transverse crease on the nose due to constant rubbing associated with allergic rhinitis, and pale violaceous nasal mucosa due to allergic rhinitis, may be present.

The anteroposterior diameter of the chest may be increased because of hyperinflation. Hyperinflation may also cause an abdominal breathing pattern.

Lung examination may reveal prolongation of the expiratory phase, expiratory wheezing, coarse crackles, or unequal breath sounds. In a child who is not sick, forced exhalation may reveal expiratory wheeze. Forced exhalation can be obtained by asking the child to blow hard (like blowing imaginary birthday candles) or, in the case of toddlers or infants, pushing on the abdomen may be used to cause forced exhalation. Clubbing of the fingers is not a feature of straightforward asthma and indicates a need for more extensive evaluation and work-up to exclude other conditions, such as cystic fibrosis.

Findings during an acute episode

Physical examination during an acute episode may reveal different findings in mild, moderately severe, and severe episodes and in status asthmaticus with often imminent respiratory arrest.

Findings during a mild episode include the following:

· Increaed respiratory rate

· Accessory muscles of respiration are not used

· The heart rate is less than 100 beats per minute

· Pulsus paradoxus is not present

· Auscultation of chest reveals moderate wheezing, which is often end expiratory

· Oxyhemoglobin saturation with room air is greater than 95%

Findings during a moderately severe episode include the following:

· Increased respiratory rate

· Accessory muscles of respiration typically are used

· Suprasternal retractions are present

· The heart rate is 100-120 beats per minute

· Loud expiratory wheezing can be heard

· Pulsus paradoxus may be present (10-20 mm Hg)

· Oxyhemoglobin saturation with room air is 91-95%

Findings during a severe episode include the following:

· The respiratory rate is often greater than 30 breaths per minute

· Accessory muscles of respiration are usually used

· Suprasternal retractions are commonly present

· The heart rate is greater than 120 beats per minute

· Loud biphasic (expiratory and inspiratory) wheezing can be heard

· Pulsus paradoxus is often present (20-40 mm Hg)

· Oxyhemoglobin saturation with room air is less than 91%.

Findings in status asthmaticus with often imminent respiratory arrest include the following:

· Paradoxical thoracoabdominal movement

· Wheezing may be absent (in patients with the most severe airway obstruction)

· Severe hypoxemia may manifest as bradycardia

· Pulsus paradoxus may disappear; this finding suggests respiratory muscle fatigue
Staging

Asthma severity is defined as "the intensity of the disease process" prior to the initiation of therapy. Defining asthma severity helps in determining the initiation of therapy in a patient who is not on any controller medications.

The severity of asthma is classified as intermittent, mild persistent, moderate persistent, or severe persistent. This classification is based on the impairment and risk related to disease, which is measured by the following:

· Frequency and severity of symptoms, including nocturnal symptoms

· Characteristics of acute episodes

· Pulmonary function

· Exacerbations

Features of these categories have been divided into 3 charts to reflect classification in different age groups (0-4 y, 5-11 y, and 12 y and older), according to the 2007 National Asthma Education and Prevention Program guidelines.

An important point to remember is that the presence of one severe feature is sufficient to diagnose severe persistent asthma. In addition, the characteristics in this classification system are general and may overlap because asthma severity varies widely. In addition, a patient’s classification may change over time.

Patients with asthma of any level of severity may have mild, moderate, or severe exacerbations.

Some patients with intermittent asthma have severe and life-threatening exacerbations separated by episodes with almost normal lung function and minimal symptoms; however, they are likely to have other evidence of increased BHR (eg, on exercise or challenge testing) due to ongoing inflammation.
Diagnostic Considerations

Problems to be considered include the following:

· Tracheobronchomalacia

· Hyperventilation syndrome

· Vocal cord dysfunction

· Pulmonary edema

· Collagen vascular disease

· Reactive airway disease

Differential Diagnoses

· Aspiration Syndromes

· Bronchiolitis

· Bronchopulmonary Dysplasia (BPD) Imaging

· Pediatric Airway Foreign Body

· Pediatric Allergic Rhinitis

· Pediatric Aspergillosis

· Pediatric Bronchiectasis

· Pediatric Gastroesophageal Reflux

· Primary Ciliary Dyskinesia

· Sinonasal Manifestations of Cystic Fibrosis
Approach Considerations

According to the National Asthma Education and Prevention Program guidelines, spirometry is an essential objective measure for establishing the diagnosis of asthma. Additional studies are not routinely necessary, but they may be useful when the clinician is considering alternative diagnoses. Eosinophil counts and IgE levels may be useful when allergic factors are suspected.

Bronchial provocation tests may be performed to diagnose bronchial hyperresponsiveness (BHR). These tests are performed in specialized laboratories by specially trained personnel to document airway hyperresponsiveness to substances (eg, methacholine, histamine). Increasing doses of provocation agents are given, and FEV1 is measured. The endpoint is a 20% decrease in FEV1 (PC 20).
Pulmonary Function Tests

Results of pulmonary function testing are not reliable in patients younger than 5 years. In young children (3-6 y) and older children who are unable to perform the conventional spirometry maneuver, newer techniques, such as measurement of airway resistance using impulse oscillometry system, are used. Measurement of airway resistance before and after a dose of inhaled bronchodilator may help to diagnose bronchodilator-responsive airway obstruction.

Spirometry

In a typical case, an obstructive defect is present in the form of normal forced vital capacity (FVC), reduced forced expiratory volume in 1 second (FEV1), and reduced forced expiratory flow more than 25-75% of the FVC (FEF 25-75). The flow-volume loop can be concave. Documentation of reversibility of airway obstruction after bronchodilator therapy is central to the definition of asthma. FEF 25-75 is a sensitive indicator of obstruction and may be the only abnormality in a child with mild disease.

In an outpatient or office setting, measurement of the peak flow rate by using a peak flow meter can provide useful information about obstruction in the large airways. Take care to ensure maximum patient effort. However, a normal peak flow rate does not necessarily mean a lack of airway obstruction.

Plethysmography

Patients with chronic persistent asthma may have hyperinflation, as evidenced by an increased total lung capacity (TLC) at plethysmography. Increased residual volume (RV) and functional residual capacity (FRC) with normal TLC suggests air trapping. Airway resistance is increased when significant obstruction is present.
Approach Considerations

The National Asthma Education and Prevention Program guidelines highlight the importance of treating impairment and risk domains of asthma. [2] The goals for therapy are as follows:

· Control asthma by reducing impairment through prevention of chronic and troublesome symptoms (eg, coughing or breathlessness in the daytime, in the night, or after exertion)

· Reduce the need for a short-acting beta2-agonist (SABA) for quick relief of symptoms (not including prevention of exercise-induced bronchospasm)

· Maintain near-normal pulmonary function

· Maintain normal activity levels (including exercise and other physical activity and attendance at work or school)

· Satisfy patients' and families' expectations for asthma care

Reduction in risk can be achieved by preventing recurrent exacerbations of asthma and minimizing the need for emergency room visits and hospitalizations, and preventing progressive loss of lung function. For children, preventing reduced lung growth and providing optimal pharmacotherapy with minimal or no adverse effects is important.

When a patient has major allergies to dietary products, avoidance of particular foods may help. In the absence of specific food allergies, dietary changes are not necessary. Unless compelling evidence for a specific allergy exists, milk products do not have to be avoided.

The goal of long-term therapy is to prevent acute exacerbations. The patient should avoid exposure to environmental allergens and irritants that are identified during the evaluation.
Components of Asthma Care

The current guidelines emphasize 4 important components of asthma care, as follows:

· Assessment and monitoring

· Education

· Control of environmental factors and comorbid conditions

· Pharmacologic treatment

· Assessment and monitoring

Once the patient's condition is classified and therapy has been initiated, continual assessment is important for disease control. Asthma control is defined as "the degree to which the manifestations of asthma are minimized by therapeutic intervention and the goals of therapy are met." Asthma can be classified as well controlled, not well controlled, or very poorly controlled; classification criteria vary by patient age.

In order to assess asthma control and adjust therapy, impairment and risk must be assessed. Assessment of impairment focuses on the frequency and intensity of symptoms and the functional limitations associated with these symptoms. Risk assessment focuses on the likelihood of asthma exacerbations, adverse effects from medications, and the likelihood of the progression of lung function decline; spirometry should be measured every 1-2 years, or more frequently for uncontrolled asthma.

Because asthma varies over time, follow-up every 2-6 weeks is initially necessary (when gaining control of the disease) and then every 1-6 months thereafter.

Education

Patient education continues to be important in all areas of medicine and is particularly important in asthma. Self-management education should focus on teaching patients the importance of recognizing their own their level of control and signs of progressively worsening asthma symptoms.

Both peak flow monitoring and symptom monitoring have been shown to be equally effective; however, peak flow monitoring may be more helpful in cases in which patients have a history of difficulty in perceiving symptoms, a history of severe exacerbations, or moderate-to-severe asthma.

Educational strategies should also focus on environmental control and avoidance strategies and medication use and adherence (eg, correct inhaler techniques and use of other devices).

Using a variety of methods to reinforce educational messages is crucial in patient understanding. Providing written asthma action plans in partnership with the patient (making sure to review the differences between long-term control and quick-relief medications), education through the involvement of other members of the healthcare team (eg, nurses, pharmacists, physicians), and education at all points of care (eg, clinics, hospitals, schools) are examples of various educational tools that are available and valuable for good patient adherence and understanding.

Control of environmental factors and comorbid conditions

As mentioned above, environmental exposures and irritants can play a strong role in symptom exacerbations. Therefore, in patients who have persistent asthma, the use of skin testing or in vitro testing to assess sensitivity to perennial indoor allergens is important. Once the offending allergens are identified, counsel patients on avoidance from these exposures. In addition, education to avoid tobacco smoke (both first-hand and second-hand exposure) is important for patients with asthma.

astly, comorbid conditions that may affect asthma must be diagnosed and appropriately managed. These include the following:

· Bronchopulmonary aspergillosis

· Gastroesophageal reflux disease (GERD)

· Obesity

· Obstructive sleep apnea

· Rhinitis

· Sinusitis

· Depression

· Stress

· Low vitamin D levels

Based upon reports of an inverse correlation between low vitamin D levels and asthma control, vitamin D supplementation in children might enhance corticosteroid responses, control atopy, and improve asthma control. In a long-term study of children with asthma, those with Vitamin D deficiency or insufficiency responded less well to adequate doses of inhaled corticosteroids. 

A recent clinical trial of lansoprazole in children with poorly controlled asthma without gastroesophageal symptoms showed no improvement in symptoms or lung function, but was associated with increased adverse effects. 

Inactivated influenza vaccine is indicated for all children with asthma older than 6 months unless specifically contraindicated.

Pharmacologic treatment

Pharmacologic management includes the use of agents for control and agents for relief. Control agents include inhaled corticosteroids, inhaled cromolyn or nedocromil, long-acting bronchodilators, theophylline, leukotriene modifiers, and more recent strategies such as the use of the anti-immunoglobulin E (IgE) antibody (omalizumab) or IL-5 monoclonal antibodies (mepolizumab, benralizumab), or IL-4 receptor alpha monoclonal antibody (dupilumab) Relief medications include short-acting bronchodilators, systemic corticosteroids, and ipratropium.

For all but the most severely affected patients, the ultimate goal is to prevent symptoms, minimize morbidity from acute episodes, and prevent functional and psychological morbidity to provide a healthy (or near healthy) lifestyle appropriate to the age of child.

A stepwise approach to pharmacologic therapy is recommended to gain and maintain control of asthma in both the impairment and risk domains. The type, amount, and scheduling of medication is dictated by asthma severity (for initiating therapy) and the level of asthma control (for adjusting therapy). Step-down therapy is essential to identify the minimum medication necessary to maintain control. See table below.

When children are well controlled, it is reasonable to try to reduce their therapy. Whether on relatively high-dose inhaled steroids, or a combination of steroid/long-acting beta2-agonist, it is best to try to continue to control them on a lower dose, or on less medication. Reducing inhaled steroids and/or eliminating the long-acting beta2-agonist could result in a deterioration in asthma control. When such steps are taken, it is critical to see those children frequently, monitoring their history, physical examination and spirometry.

For pharmacotherapy, children with asthma are divided into 3 groups based on age: 0-4 y, 5-11 y, 12 y and older.

For all patients, quick-relief medications include rapid-acting beta2-agonists as needed for symptoms. The intensity of treatment depends on the severity of symptoms. If rapid-acting beta2-agonists are used more than 2 days a week for symptom relief (not including use of rapid-acting beta2-agonists for prevention of exercise induce symptoms), stepping up treatment may be considered. See the stepwise approach to asthma medications in Table 1, below.

	Intermittent Asthma
	Persistent Asthma: Daily Medication

	Age
	Step 1
	Step 2
	Step 3
	Step 4
	Step 5
	Step 6

	< 5 y
	Rapid-acting beta2-agonist prn
	Low-dose inhaled corticosteroid (ICS)
	Medium-dose ICS
	Medium-dose ICS plus either long-acting beta2-agonist (LABA) or montelukast
	High-dose ICS plus either LABA or montelukast
	High-dose ICS plus either LABA or montelukast; Oral systemic corticosteroid

	
	
	Alternate regimen: cromolyn or montelukast
	
	
	
	

	5-11 y
	Rapid-acting beta2-agonist prn
	Low-dose ICS
	Either low-dose ICS plus either LABA, LTRA, or theophylline OR Medium-dose
	Medium-dose ICS plus LABA
	High-dose ICS plus LABA
	High-dose ICS plus LABA plus oral systemic corticosteroid

	
	
	Alternate regimen: cromolyn, leukotriene receptor antagonist (LTRA), or theophylline
	
	Alternate regimen: medium-dose ICS plus either LTRA or theophylline
	Alternate regimen: high-dose ICS plus either LABA or theophylline
	Alternate regimen: high-dose ICS plus LRTA or theophylline plus systemic corticosteroid

	12 y or older
	Rapid-acting beta2-agonist as needed
	Low-dose ICS
	Low-dose ICS plus LABA OR Medium-dose ICS
	Medium-dose ICS plus LABA
	High-dose ICS plus LABA (and consider omalizumab for patients with allergies)
	High-dose ICS plus either LABA plus oral corticosteroid (and consider omalizumab for patients with allergies)

	
	
	Alternate regimen: cromolyn, LTRA, or theophylline
	Alternate regimen: low-dose ICS plus either LTRA, theophylline, or zileuton
	Alternate regimen: medium-dose ICS plus either LTRA, theophylline, or zileuton
	
	


In the Salmeterol Multicenter Asthma Research Trial (SMART), salmeterol use in asthma patients, particularly African Americans, was associated with a small but significantly increased risk of serious asthma-related events. This trial was a large, double-blind, randomized, placebo-controlled, safety trial in which salmeterol 42 mcg twice daily or placebo was added to usual asthma therapy for 28 weeks.

The study was halted following interim analysis of 26,355 participants because patients exposed to salmeterol (n = 13,176) were found to experience a higher rate of fatal asthma events compared with individuals receiving placebo (n = 13,179); the rates were 0.1% and 0.02%, respectively. This resulted in an estimated 8 excess deaths per 10,000 patients treated with salmeterol.

In the post-hoc subgroup analysis, the relative risks of asthma-related deaths were similar among whites and blacks, although the corresponding estimated excess deaths per 10,000 patients exposed to salmeterol were higher among blacks than whites.

A meta-analysis by Salpeter et al found that LABAs increased the risk for asthma-related intubations and deaths by 2-fold, even when used in a controlled fashion with concomitant inhaled corticosteroids. However, the absolute number of adverse events remained small. The large pooled trial included 36,588 patients, most of them adults.

The US Food and Drug Administration (FDA) has reviewed the data and the issues and has determined that the benefits of LABAs in improving asthma symptoms outweigh the potential risks when LABAs are used appropriately with an asthma controller medication in patients who need the addition of LABAs. The FDA recommends the following measures for improving the safe use of these drugs :

· LABAs should be used long-term only in patients whose asthma cannot be adequately controlled on inhaled steroids

· LABAs should be used for the shortest duration of time required to achieve control of asthma symptoms and discontinued, if possible, once asthma control is achieved; patients should then be switched to an asthma controller medication

· Pediatric and adolescent patients who require the addition of a LABA to an inhaled corticosteroid should use a combination product containing both an inhaled corticosteroid and a LABA to ensure compliance with both medications

Concerns about the safety of long-acting beta2-agonists and resultant drug safety communications create a question as to the course of treatment if asthma is not controlled by inhaled corticosteroids. A study by Lemanske et al addressed this question and concluded that addition of long-acting beta2-agonist was more likely to provide the best response than either inhaled corticosteroids or leukotriene-receptor antagonists. Asthma therapy should be regularly monitored and adjusted accordingly.

The CHASE (ChildHood Asthma Safety and Efficacy) international clinical trial further evaluated the combination of inhaled corticosteroids plus long-acting beta2 agonists. Orally inhaled budesonide/formoterol (Symbicort) 80/4.5 mcg with orally inhaled budesonide 80 mcg in pediatric patients with asthma aged 6-12 years who were symptomatic on low-dose inhaled corticosteroids. A statistically significant improvement in lung function (FEV1 at 1 h postdose) was observed with the children randomized to budesonide/formoterol (n=92) compared with budesonide alone (n=95) (p ≤0.005). 

A systematic review of 18 placebo-controlled clinical trials evaluating monotherapy with inhaled corticosteroids supports their safety and efficacy in children with asthma. [54] In addition, the data provide new evidence linking inhaled corticosteroids use in children with asthma to improved asthma control. A recent study to assess the effectiveness of an inhaled corticosteroid used as rescue treatment recommends that children with mild persistent asthma should not be treated with rescue albuterol alone and the most effective treatment to prevent exacerbations is daily inhaled corticosteroids. This study suggests that inhaled corticosteroids as rescue medication with albuterol might be an effective step down strategy for children as it is more effective at reducing exacerbations than is use of rescue albuterol alone.

Due to concern about oral corticosteroid overuse, Farber et al conducted a study that reported that of the 69,056 children with asthma reported in the Texas Children’s Health Plan database from 2011-2015, 42.1% to 44.2% were prescribed oral corticosteroid more than once. Repeated prescriptions of oral corticosteroids were more common in children younger than 5 years and 81%-83% of children prescribed oral corticosteroids did not have other signs of poor asthma control (excessive β-agonist refills, emergency department visits, or hospitalizations for asthma). 

A recent Cochrane review concluded that more research is needed to assess the effectiveness of increased inhaled corticosteroid doses at the onset of asthma exacerbation.

In children, long-term use of high-dose steroids (systemic or inhaled) may lead to adverse effects, including growth failure. Recent data from the Childhood Asthma Management Program (CAMP) study and results of the long-term use of inhaled steroids (budesonide) suggest that the long-term use of inhaled steroids has no sustained adverse effect on growth in children. 

A review by Rodrigo et al looked at 8 studies of omalizumab in children with moderate to severe asthma and elevated IgE levels. Children treated with omalizumab were more significantly able to reduce their use of rescue inhalers and their inhaled and/or oral steroid dose than patients in the placebo group. Although no significant differences in pulmonary function were observed, patients receiving omalizumab had fewer exacerbations than the children receiving placebo. These studies lasted a year or less and did not reveal any significant adverse effects of the omalizumab.

A randomized trial of omalizumab for asthma in inner-city children showed improved asthma control, elimination of seasonal peaks in asthmatic exacerbations, and reduced need for other medications for asthma control.

Another study, by Deschildre et al, indicated that adding omalizumab to maintenance therapy can improve asthma control in children with severe, uncontrolled allergic asthma. In a study of 104 such children, Deschildre and colleagues found that adding omalizumab increased the rate of good asthma control from 0% to 53% and reduced exacerbation and hospitalization rates by 72% and 88.5%, respectively. By 1-year follow-up, FEV1 (forced expiratory volume in 1 second) had improved in the study's patients by 4.9%, and inhaled corticosteroid dose had decreased by 30%. 

Additional monoclonal antibodies have been approved for children, but unlike omalizumab, they target various interleukin (IL) subtypes. Monoclonal antibodies approved for severe asthma that target IL-5 include mepolizumab and benralizumab. Dupilumab inhibits IL-4 receptor alpha, and thereby blocks IL-4 and IL-13 signaling.

Delivery devices and best route of administration

In pediatric asthma, inhaled treatment is the cornerstone of asthma management. Inhaler devices currently used to deliver inhaled corticosteroids (ICSs) fall into the following 4 categories:

· Pressurized metered dose inhaler (pMDI) - Propellant used to dispense steroid when canister is pressed manually

· Dry powder inhaler (DPI) - Does not require hand-breath coordination to operate

· Breath-actuated pMDI - Propellant used to dispense steroid when patient inhales

· Nebulized solution devices

In pediatric patients, the inhaler device must be chosen on the basis of age, cost, safety, convenience, and efficacy of drug delivery. 

Based on current research, the preferred device for children younger than 4 years is a pMDI with a valved holding chamber and age-appropriate mask. Children aged 4-6 years should use a pMDI plus a valved holding chamber. Lastly, children older than 6 years can use either a pMDI, a DPI, or a breath-actuated pMDI. For all 3 groups, a nebulizer with a valved holding chamber (and mask in children younger than 4 y) is recommended as alternate therapy.

Valved holding chambers are important. The addition of a valved holding chamber can increase the amount of drug reaching the lungs to 20%. The use of a valved holding chamber helps reduce the amount of drug particles deposited in the oropharynx, thereby helping to reduce systemic and local effects from oral and gastrointestinal absorption.

A Cochrane review on the use of valved holding chambers versus nebulizers for inhaled steroids found no evidence that nebulizers are better than valved holding chamber. Nebulizers are expensive, inconvenient to use, require longer time for administration, require maintenance, and have been shown to have imprecise dosing.

Newer devices are showing greater efficacy. For MDIs, chlorofluorocarbon (CFC) propellants (implicated in ozone depletion) have been phased out in favor of the hydrofluoroalkane-134a (HFA) propellant. Surprisingly, the HFA component is more environmentally friendly and has proven to be more effective, due to its smaller aerosol particle size, which results in better drug delivery. MDIs with HFA propellant have better deposition of drug in the small airways and greater efficacy at equivalent doses compared with CFC-MDIs.
Treatment of Status Asthmaticus

Treatment goals for acute severe asthmatic episodes (status asthmaticus) are as follows:

· Correction of significant hypoxemia with supplemental oxygen; in severe cases, alveolar hypoventilation requires mechanically assisted ventilation

· Rapid reversal of airflow obstruction with repeated or continuous administration of an inhaled beta2-agonist; early administration of systemic corticosteroids (eg, oral prednisone or intravenous methylprednisolone) is suggested in children with asthma that fails to respond promptly and completely to inhaled beta2-agonists

· Reduction in the likelihood of recurrence of severe airflow obstruction by intensifying therapy: Often, a short course of systemic corticosteroids is helpful

Achieving these goals requires close monitoring by means of serial clinical assessment and measurement of lung function (in patients of appropriate ages) to quantify the severity of airflow obstruction and its response to treatment. Improvement in FEV1 after 30 minutes of treatment is significantly correlated with a broad range of indices of the severity of asthmatic exacerbations, and repeated measurement of airflow in the emergency department can help reduce unnecessary admissions.

The use of the peak flow rate or FEV1 values, patient's history, current symptoms, and physical findings to guide treatment decisions is helpful in achieving the aforementioned goals. When using the peak expiratory flow (PEF) expressed as a percentage of the patient's best value, the effect of irreversible airflow obstruction should be considered. For example, in a patient whose best peak flow rate is 160 L/min, a decrease of 40% represents severe and potentially life-threatening obstruction.

An Australian study by Vuillermin et al found that asthma severity decreased in school-aged children when parents initiated a short course of prednisolone for acute asthma. [66] Children who received parent-initiated prednisolone for episodes of asthma had lower daytime and nighttime asthma scores, reduced risk of health resource use, and reduced school absenteeism compared with children who received placebo.
Long-Term Monitoring

Regular follow-up visits are essential to ensure control and appropriate therapeutic adjustments. In general, patients should be assessed every 1-6 months. At every visit, adherence, environmental control, and comorbid conditions should be checked.

If patients have good control of their asthma for at least 3 months, treatment can be stepped down. However, the patient should be reassessed in 2-4 weeks to make sure that control is maintained with the new regimen. If patients require step 2 asthma medications or higher, consultation with an asthma specialist should be considered.

Outpatient visits should include the following:

· Interval history of asthmatic complaints, including history of acute episodes (eg, severity, measures and treatment taken, response to therapy)

· History of nocturnal symptoms

· History of symptoms with exercise, and exercise tolerance

· Review of medications, including use of rescue medications

· Review of home-monitoring data (eg, symptom diary, peak flow meter readings, daily treatments)

Patient evaluation should include the following:

· Assessment for signs of bronchospasm and complications

· Evaluation of associated conditions (eg, allergic rhinitis)

· Pulmonary function testing (in appropriate age group)

· Address issues of treatment adherence and avoidance of environmental triggers and irritants.

Long-term asthma care pathways that incorporate the aforementioned factors can serve as roadmaps for ambulatory asthma care and help streamline outpatient care by different providers.

One study using directly observed administration of daily preventive asthma medications by a school nurse showed significantly improved symptoms among urban children with persistent asthma.
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Lecture № 3
     Topic: « The most common congenital heart  defects in children »  – 2 hours.

  The actuality of the topic: Heart defects are among the most common birth defects and are the leading cause of birth defect-related deaths. The defects can range in severity from simple problems, such as “holes” between chambers of the heart, to very severe malformations, such as complete absence of one or more chambers or valves. CHD occurs in 8 per 1000 infants. About 1 in 10 stillborn infants have a cardiac anomaly. About 10-15% have complex lesions with more than 1 cardiac abnormality. About 10-15 % also have non-cardiac abnormality. CHD’s are the №1 cause of DEATH from a birth defect, killing twice as many children as cancer every year.
Aims of the lecture
Acquisition by the master of higher education of knowledge and formation of elements of professional competences in the field of pediatrics and improvement of skills and competences acquired during the study of previous disciplines.
The content of the lecture
INTRODUCTION

Congenital heart disease (CHD) is the most common type of congenital anomaly, with an overall prevalence of approximately 1 percent. Critical CHD, defined as lesions requiring surgery or catheter-based intervention in the first year of life, accounts for approximately 25 percent of CHD.

Many newborns with critical CHD are diagnosed prenatally or are identified soon after birth (eg, due to symptoms or positive pulse oximetry screening). However, some affected infants are not diagnosed until after discharge from the birth hospitalization. 

In infants with critical cardiac lesions, the risk of morbidity and mortality increases when there is a delay in diagnosis and timely referral to a tertiary center with expertise in treating these patients

TERMINOLOGY

Cyanotic CHD – Cyanotic CHD includes lesions that allow circulation of deoxygenated blood in the systemic circulation via intracardiac or extracardiac shunting. 

Ductal-dependent CHD – Ductal-dependent congenital heart lesions are dependent upon a patent ductus arteriosus (PDA) to supply pulmonary or systemic blood flow or to allow adequate mixing between parallel circulations. In critical right heart obstructive lesions, the PDA is necessary to supply blood flow to the lungs; in critical left heart lesions, the PDA supplies systemic circulation; and in parallel circulations (eg, transposition of the great arteries), bidirectional flow in the PDA allows mixing between oxygenated and deoxygenated circuits. Many, but not all, cyanotic congenital heart defects are ductal-dependent.

Critical CHD – Critical CHD refers to lesions requiring surgery or catheter-based intervention in the first year of life. This category includes ductal-dependent and cyanotic lesions as well as forms of CHD that may not require surgery in the neonatal period but still require intervention in the first year of life, such as a large ventricular septal defect or an atrioventricular canal defect (or atrioventricular septal defect). Critical CHD accounts for approximately 25 percent of all CHD.

EPIDEMIOLOGY

Prevalence — The reported prevalence of CHD ranges from 6 to 13 per 1000 live births. The variability in these estimates is primarily due to the methods to detect CHD in the different studies (ie, fetal echocardiography versus postnatal referral to a cardiac center).

Critical CHD accounts for approximately 25 percent of all CHD. In infants with critical CHD, the risk of morbidity and mortality increases when there is a delay in diagnosis and timely referral to a tertiary center with expertise in treating these patients. CHD is the leading cause of perinatal and infant death from a congenital anomaly, although outcomes have significantly improved with the advancement of corrective or palliative interventions.

The most common CHD is a bicuspid aortic valve, with a prevalence estimated between 0.5 and 2 percent; however, as an isolated lesion, it is rarely diagnosed in infancy. 

The next most common defects are 

· Ventricular septal defects (VSD) (4 per 1000 live births)

· Secundum atrial septal defects (ASDs) (2 per 1000 live births)

· Tetralogy of Fallot is the most common cyanotic CHD (0.5 per 1000 births).

Risk factors 

The following factors are associated with an increased risk of CHD and should heighten the clinician's suspicion for CHD:

· Prematurity – The risk of CHD (excluding isolated patent ductus arteriosus [PDA]) is two- to threefold higher in preterm (gestational age <37 weeks) compared with term infants.

· Family history – The risk of CHD in infants with first-degree relatives (ie, parents or siblings) who have nonsyndromic isolated CHD is estimated to be three- to fourfold higher than that of the general population. The risk varies considerably depending on the type of CHD and whether the mother, father, sibling, or multiple family members are affected. Left heart obstructive lesions carry a higher risk of recurrence; whereas D-transposition of the great arteries carries a low risk of recurrence

· Genetic syndromes and extracardiac abnormalities – Genetic syndromes and extracardiac abnormalities are common in patients with CHD. In a population-based study, chromosomal defects were detected in 7 percent of patients with CHD and extracardiac anomalies in 22 percent. Many genetic syndromes are associated with an increased risk of CHD. Some genetic conditions may only be identified after the diagnosis of CHD is made upon further investigation under the direction of a cardiac geneticist and genetic counselor.

· Maternal factors – Maternal conditions that increase the risk of CHD include diabetes mellitus, hypertension, obesity, phenylketonuria, thyroid disorders, systemic connective tissue disorders, and epilepsy . In addition, drugs taken during pregnancy (eg, phenytoin and retinoic acid) as well as smoking and/or alcohol use can be associated with cardiac defects 

· Fertility treatment – Assisted reproductive technology (ART) and non-ART fertility treatments have been linked to increased risk of septal defects and cyanotic CHD

· In utero infection – CHD may result from congenital infections (eg, rubella). Maternal influenza or flu-like illness during pregnancy is also associated with increased risk of CHD. Congenital cardiomyopathy may result from infection with cytomegalovirus, coxsackie, herpes virus 6, parvovirus B19, herpes simplex, toxoplasmosis, and possibly HIV

TIMING OF DIAGNOSIS: Prenatal diagnosis

  Clinicians skilled at fetal echocardiography are able to identify most critical congenital heart defects. Referrals for fetal echocardiography are typically prompted by the presence of risk factors or suspicion on obstetrical anatomy ultrasounds, typically performed in the second trimester. 

The International Society for Ultrasound in Obstetrics and Gynecology (ISUOG) in 2013 recommended that antenatal ultrasound include assessment of the outflow tracts in addition to the four-chamber views to assist in better recognition of CHD. 

CHD lesions involving abnormal outflow tracts (including tetralogy of Fallot, double-outlet right ventricle, and transposition of the great arteries) are particularly at risk for not being identified. Coarctation of the aorta (COA) can be difficult to definitively diagnose prenatally, regardless of the technique. 

Whether the expanded prenatal screening recommendations of the ISUOG have improved prenatal detection of critical CHD is uncertain. Studies performed in the era prior to publication of these guidelines indicate that less than one-half of patients with critical congenital heart defects were routinely identified. One study found that the rate of prenatal detection of critical CHD increased from 44 percent in 2007 to 69 percent in 2013. However, other studies have shown more mixed results, with detection rates of only 50 to 60 percent in the era following the 2013 ISUOG guidelines.

In addition, social determinants of health impact prenatal diagnosis rates. In one study, lower economic status, rural residence, and Hispanic ethnicity were associated with lower prenatal detection of two critical CHD lesions (transposition of the great arteries and hypoplastic left heart syndrome).

These studies highlight the importance of remaining vigilant for postnatal diagnoses.

TIMING OF DIAGNOSIS: Postnatal diagnosis

Infants with critical CHD may present during the birth hospitalization, often with serious and life-threatening clinical findings that require immediate intervention.However, some infants with CHD may appear normal on routine examination and signs of critical CHD may not be apparent until after discharge. 

The timing of presentation varies with the underlying lesion and its dependence upon a patent ductus arteriosus (PDA). Prior to the routine use of pulse oximetry screening, approximately 30 percent of patients with critical CHD were discharged from the birth hospitalization undiagnosed.

The most commonly reported delayed diagnoses are: COA, interrupted aortic arch, aortic stenosis, hypoplastic left heart syndrome, transposition of the great arteries, pulmonary valve stenosis, and tetralogy of Fallot. Pulse oximetry screening can identify infants with some, but not all, of these lesions. 

In patients with ductal-dependent lesions, closure of the PDA within the first few days of life can precipitate rapid clinical deterioration, with potentially life-threatening consequences (ie, severe metabolic acidosis, cardiogenic shock, cardiac arrest, seizures, other end-organ injury). For infants with critical CHD who are not diagnosed during the birth hospitalization, the risk of mortality is as high as 30 percent.

CLINICAL FEATURES

Neonates with critical CHD can present during their birth hospitalization with serious and life-threatening manifestations including 

· shock, 

· cyanosis, 

· tachypnea, 

· and/or symptoms of pulmonary edema

However, some infants with CHD may appear normal on routine examination and signs of critical CHD may not be apparent.

Urgent consultation/referral to a pediatric cardiologist should be made when CHD is suspected in neonates who present with shock, cyanosis, or pulmonary edema.

Infants with ductal-dependent lesions are at increased risk for death and significant morbidity unless interventions are initiated to maintain patency of the ductus arteriosus (ie, prostaglandin therapy), ensure adequate mixing of deoxygenated and oxygenated blood, and/or relieve obstructed blood flow. 

CLINICAL FEATURES: Early presentation

Neonates who present with symptomatic CHD in the early newborn period typically present with shock, cyanosis, or respiratory symptoms (or a combination of these).

Shock — Some infants with critical CHD will present during the neonatal hospitalization with shock. Most commonly, this is seen in infants with unsuspected critically obstructive left heart lesions , including:

· Hypoplastic left heart syndrome 

· Critical aortic valve stenosis 

· Critical coarctation of the aorta (COA)  

Infants with these lesions may present with cardiogenic shock as the ductus arteriosus closes and systemic perfusion decreases. In these patients, initiation of prostaglandin E1 (generic drug name: alprostadil) to reopen or maintain the ductus arteriosus is imperative. 

Infants with total anomalous pulmonary venous return (TAPVR) most commonly present with mild cyanosis and tachypnea. However, patients may present with cyanosis and shock if there is significant obstruction with a restrictive atrial communication. In these cases, systemic perfusion is impaired because all pulmonary venous return must traverse the restrictive atrial communication to reach the left heart and supply the systemic circulation. This is the rare instance in which these lesions might benefit from ductal patency (ie, prostaglandin therapy) until urgent surgical intervention can be achieved. If obstruction occurs within the pulmonary venous pathway itself, such as occurs commonly in TAPVR below the diaphragm, ductal patency is not of utility and the only effective management strategy is urgent surgical intervention. These patients present with severe cyanosis and marked pulmonary venous edema. 

Cardiogenic shock must be differentiated from other causes of shock, such as sepsis. In newborns presenting with shock, features that suggest a cardiac etiology include cardiomegaly on chest radiograph, differential pulses, and lack of improvement or clinical deterioration in response to volume resuscitation 

CLINICAL FEATURES: CYANOSIS

Cyanosis is an important sign of critical CHD. Cyanosis is the bluish skin tone caused by the presence of approximately 3 to 5 g/dL of deoxygenated hemoglobin. However, cyanosis may not be readily clinically apparent in patients with mild desaturation (>80 percent saturation) or anemia. Cyanosis can be especially difficult to appreciate in darkly pigmented infants. Pulse oximetry is helpful to detect mild desaturation in patients with cyanotic CHD. 

Ductal-dependent lesions — In patients with ductal-dependent lesions , closure of the patent ductus arteriosus (PDA) in the first days of life can precipitate profound cyanosis by the following mechanisms:

In patients with critically obstructive right heart lesions (eg, critical pulmonary valve stenosis, pulmonary atresia with intact ventricular septum , pulmonary blood flow is supplied retrograde from the aorta via the PDA. Therefore, progressively severe cyanosis occurs as the ductus closes and blood flow to the lungs decreases. 

Patients with critically obstructive left heart lesions (eg, hypoplastic left heart syndrome , critical aortic valve stenosis) who have an adequate atrial septal communication and a patent ductus will typically exhibit only minimal desaturation. For those with sufficient prograde flow across the aortic valve to supply the right subclavian artery fully, the preductal saturations can be normal. However, postductal saturations will be lower as right-to-left shunting at the PDA supplies the lower body circulation. However, upon closure of the ductus, systemic circulation is compromised, resulting in poor peripheral perfusion (ie, cardiogenic shock) and cyanosis. Patients with critical left heart obstruction and a restrictive atrial communication will exhibit more profound cyanosis even with ductal patency. A restrictive atrial communication results in decreased shunting of the oxygenated pulmonary venous return into the right heart, severe pulmonary edema, and pulmonary hypertension, all of which contribute to decreased systemic oxygenation.

Patients with parallel pulmonary and systemic circulations (eg, transposition of the great arteries depend upon the PDA and atrial communications for mixing of oxygenated and deoxygenated blood. With ductal closure in the absence of an adequate atrial septal defect, profound cyanosis ensues. 

Neonates with Ebstein anomaly of the tricuspid valve may be cyanotic and ductal-dependent for pulmonary blood flow when there is a functional pulmonary atresia . 

In patients with ductal-dependent lesions who present with severe cyanosis or shock, rapid initiation of prostaglandin E1 (generic drug name: alprostadil) to reopen and maintain the patency of the ductus arteriosus is imperative. 

Nonductal-dependent lesions — Nonductal-dependent congenital heart defects that cause cyanosis include:

· Total anomalous pulmonary venous connection (TAPVC)

· Truncus arteriosus

· Tetralogy of Fallot and tricuspid atresia may or may not be ductal-dependent, depending upon the degree of right ventricular outflow tract obstruction and presence and size of a ventricular septal defect (in tricuspid atresia). 

Differential cyanosis. In differential cyanosis, the upper one-half of the body is pink and the lower one-half cyanotic. This can occur in infants with critical COA, interrupted arch, or critical aortic stenosis. In these lesions, the flow of deoxygenated blood through the ductus arteriosus supplies the lower one-half of the body's circulation, but oxygenated blood flow from the left heart supplies the upper body via the vessels proximal to the site of arch obstruction. It also occurs in newborns with structurally normal hearts who have persistent pulmonary hypertension. 

To detect differential cyanosis, oxygen saturation should be measured in both the right hand (preductal) and either foot (postductal). It is preferable to use the right hand rather than left because the left subclavian artery arises close to the ductus arteriosus and some of its flow may come from the ductus and thus not accurately reflect preductal values. An oxygen saturation difference of >3 percent is considered clinically meaningful. The differential effect may be reduced if there is also right-to-left shunting at the level of the foramen ovale or if there is left-to-right shunting across a coexisting ventricular septal defect. 

Reversed differential cyanosis is a rare finding that may occur in patients with transposition of the great arteries associated with either coarctation or pulmonary hypertension. In these infants, oxygen saturation is higher in the lower, rather than the upper, extremity as the most oxygenated flow is pumped by the left ventricle out to the pulmonary artery and thus across the PDA. 

CLINICAL FEATURES: Noncardiac causes

 Noncardiac conditions (eg, respiratory disorders, persistent pulmonary hypertension of the newborn) also can cause cyanosis and are differentiated from CHD by the history, cardiovascular examination, chest radiograph, echocardiography, and other laboratory testing. 

Respiratory symptoms — Tachypnea, increased work of breathing, and feeding difficulties can occur due to pulmonary edema from a rapid, massive increase in pulmonary blood flow as pulmonary vascular resistance falls shortly after delivery. This may occur in the following CHD defects: Truncus arteriosus, TAPVC – TAPVC, PDA in premature infants

In patients with large VSD, tachypnea, increased work of breathing, and feeding difficulties can occur due to pulmonary overcirculation from left-to-right shunting. This typically develops over the first four to six weeks of life as pulmonary vascular resistance falls. 

Infants with CHD and mild to moderate pulmonary overcirculation frequently have tachypnea without significant increased work of breathing at rest, sometimes referred to as "happy" or "comfortable" tachypnea. Infants may become more tachypneic with increasing pulmonary edema or during feeding, and they may exhibit grunting, nasal flaring, retractions, and head bobbing. Cardiac tachypnea in neonates may reflect increased pulmonary venous pressure or volume secondary to a large left-to-right shunt, pulmonary venous obstruction, or increased left ventricular end-diastolic pressure. Tachypnea in heart failure is also thought to have a neurohormonal basis.

Respiratory signs and symptoms must be distinguished from those due to pulmonary disease. Cough and wheeze are more likely to be of pulmonary etiology, but they can occur with cardiovascular malformations. As an example, a tight vascular ring can compress the trachea, leading to wheezing, coughing, or stridor . Lesions that cause elevated pulmonary venous pressure result in bronchial edema and bronchial compression by a distended left atrium and large left pulmonary artery. These include large left-to-right shunts, mitral stenosis, left ventricular dysfunction (eg, from myocarditis), or pulmonary venous obstruction

CLINICAL FEATURES: Late presentation

 Some neonates with critical CHD are asymptomatic during the birth hospitalization and then develop signs and symptoms after discharge, typically by two weeks of age

Defects that may present late — Prior to the introduction of routine pulse oximetry screening, the CHD defects that most frequently escaped diagnosis during the birth hospitalization included:

· Hypoplastic left heart syndrome

· COA

· Interrupted aortic arch

· Aortic stenosis

· Transposition of the great arteries

· Pulmonic stenosis

· Tetralogy of Fallot

Pulse oximetry screening targets several of these lesions (transposition of the great arteries, tetralogy of Fallot, hypoplastic left heart syndrome), and so the frequency of missed diagnoses is likely to drop as pulse oximetry screening becomes widespread. However, it is important to recognize that infants with noncyanotic heart defects (including those with "pink" tetralogy of Fallot [ie, those with minimal pulmonary stenosis]) and some left heart obstructive lesions will not be identified by pulse oximetry screening 

Signs and symptoms

 In affected newborn infants, parents/caregivers most commonly notice difficulty with feeding. This may be manifested by intake of a limited volume of milk or by feedings that are taking too long or are frequently interrupted by sleeping or resting, choking, gagging, and/or vomiting. 

Infants may have respiratory distress that is reported by parents as fast or hard breathing, breathing that is worse with feedings, or a persistent cough or wheeze.

Other manifestations include:

· Color changes, such as central cyanosis or persistent pallor

· Excessive, unexplained irritability

· Excessive sweating that is increased with feeding and may occur during sleep

· Poor weight gain

· Decreased activity or excessive sleeping

· Delay in motor milestones

DIAGNOSTIC APPROACH

During the birth hospitalization — The presence or absence of symptoms in the neonate determines the extent of evaluation that should be performed during the birth hospitalization.

Symptomatic neonates — Urgent consultation/referral to a pediatric cardiologist should be made when CHD is suspected in symptomatic neonates. The diagnostic evaluation includes the following:

· Physical examination – A thorough physical examination should be performed with attention to findings suggestive of CHD , including abnormal precordial activity, abnormal heart sounds (eg, third heart sound [S3] gallop, click, or single second heart sound [S2]), pathologic murmurs (loud, harsh, pansystolic, diastolic, or loudest at upper left or right sternal border or apex), hepatomegaly, diminished or absent lower extremity pulses, and abnormal four extremity blood pressure (ie, blood pressure ≥10 mmHg higher in the arms than legs)

· Pulse oximetry – Pre- and postductal pulse oximetry to assess for cyanosis and differential cyanosis.

· Chest radiograph – A chest radiograph can be helpful in differentiating between cardiac  and pulmonary disorders and should be obtained in neonates with cyanosis and/or respiratory symptoms. Chest radiograph is also useful in assessing for noncardiac causes of cyanosis, including pneumothorax, pulmonary hypoplasia, diaphragmatic hernia, pleural effusion, or airway disease. Cardiomegaly, dextrocardia, or an abnormal cardiac silhouette (eg, boot-shaped) in tetralogy of Fallot or egg-on-a-string pattern in D-transposition of the great arteries) may point towards the presence of CHD. Abnormal pulmonary vascular markings or side of the aortic arch may also suggest CHD

· Electrocardiogram (ECG) – Although the ECG may be normal in many cyanotic heart lesions during the neonatal period, some lesions are associated with specific patterns 

· Echocardiography – Echocardiography provides a definitive diagnosis of CHD with information on cardiac anatomy and function. Echocardiography should be performed in consultation with a pediatric cardiologist if any of the following are present:

· Signs or symptoms concerning for critical CHD, including shock unresponsive to volume resuscitation, cyanosis or differential cyanosis, unexplained respiratory symptoms, or pulmonary edema. 

· ECG and/or chest radiograph findings suggestive of CHD .

· Physical examination findings suggestive of CHD , including abnormal heart sounds (eg, S3 gallop, single S2, click), pathologic murmur, diminished or absent lower extremity pulses, abnormal four extremity blood pressures. 

· Positive pulse oximetry screening 

· Genetic disorder or extracardiac malformation associated with cardiovascular malformations 

· Hyperoxia test – The hyperoxia test historically was used to help distinguish cardiac from pulmonary causes of cyanosis. With the advent of routine pulse oximetry screening for critical CHD and improved access to echocardiography, the hyperoxia test is usually not necessary. However, hyperoxia testing may be useful in some settings, particularly if echocardiography is not readily available. In the hyperoxia test, arterial oxygen tension (PaO2) is measured in the right radial artery (preductal) during the administration of room air and 100 percent oxygen. The relative changes in PaO2 are used to differentiate the various cardiac and noncardiac causes of neonatal cyanosis

Asymptomatic neonates — Early detection of neonatal CHD remains challenging because clinical findings may be subtle or absent immediately after birth. Studies have shown that pulse oximetry is an effective, though not infallible, screening measure. Thus, the American Academy of Pediatrics (AAP), the American Heart Association (AHA), and the American College of Cardiology Foundation (ACCF) have recommended universal screening of all newborns with pulse oximetry to improve the recognition of CHD. In addition to pulse oximetry screening, careful review of the history and examination of the infant remain imperative

History — The maternal history, prenatal history, and family history should be reviewed to identify possible risk factors that increase the likelihood of CHD. In addition to inquiring about CHD among family members, parents should be questioned about familial occurrence of cardiomyopathies, sudden death, or unexpected death in infancy or childhood that could potentially uncover genetic preponderance of potential congenital cardiac abnormalities within the family. 

Physical examination — Several studies have shown that the newborn examination alone fails to detect more than one-half of infants with heart disease. However, subtle clinical findings may be detected that indicate underlying cardiac disease. The following discussion reviews the physical findings that may be seen in an infant with CHD; however, as noted above, findings may be absent in infants with ductal-dependent lesions if the ductus arteriosus remains patent during their birth hospitalization.

The following cardiovascular findings suggestive of CHD merit further evaluation and/or referral to clinicians with expertise in caring for neonates with CHD:

· Abnormal heart rate – In infants with heart rates that are higher or lower than the normal range of 90 to 160 beats per minute for neonates up to six days of age, ECG is initially performed to determine whether there is an arrhythmia and to guide further assessment and management

· Abnormal precordial activity – Precordial palpation ascertains whether the heart is normally located on the left side of the chest. Dextrocardia is often associated with complex CHD. In addition, palpation may detect the following:

· Cardiac enlargement, which, in a newborn with respiratory symptoms, is more suggestive of cardiac than pulmonary disease

· Ventricular impulse in the lower left parasternal area suggestive of right ventricular volume or pressure overload

· Increased apical activity suggestive of left ventricular volume or pressure overload

· Thrill due to outflow tract obstruction or a restrictive ventricular septal defect

· Abnormal S2 splitting – The S2 normally splits physiologically with inspiration and becomes single during expiration. The presence of S2 splitting reduces the likelihood of severe CHD; however, the newborn's rapid heart rate often makes it challenging to detect S2 splitting. Splitting is audible in 80 percent of normal newborns by 48 hours of age, usually when the heart rate is less than 150 beats per minute. As an infant's heart is positioned more horizontally, splitting may be easier to hear along the mid- to lower sternal border than in children or adults. Listening may be facilitated by a gentle breath into the baby's face that may temporarily slow the heart rate.

· Abnormal extra heart sounds – The following additional heart sounds may be associated with cardiac abnormalities. If any of these are heard, the infant should be evaluated by a pediatric cardiologist. 

· Early systolic clicks, which occur with semilunar valve stenosis , bicuspid aortic valve , and truncus arteriosus.

· Midsystolic clicks, which are heard with mitral valve prolapse and with Ebstein anomaly of the tricuspid valve.

· An S3 gallop , which, in infants, can result from ventricular dysfunction or left ventricular volume overload.

· Pericardial friction rubs  occur with small to moderate pericardial effusions and pericarditis. Purulent pericarditis is an unusual complication of neonatal sepsis. Pericarditis is also seen in neonatal lupus that may occur in infants of mothers with connective tissue disorders and anti-Ro/SSA and/or anti-La/SSB bodies. 

· Pathologic murmurs – The presence of a murmur is often associated with CHD. However, not all CHD lesions are associated with murmurs and many infants with murmurs do not have structural heart disease. Murmurs associated with heart disease may be distinguished from innocent murmurs based upon the intensity , location, and quality of the murmur and associated findings.If the murmur cannot confidently be ascertained as innocent, echocardiography should be performed.

· Hepatomegaly – In newborns, the liver edge normally is palpated 1 to 3 cm below the right costal margin. An enlarged liver is a nonspecific finding that may be seen in infants with heart failure and increased central venous pressure. 

· Diminished pulses in the lower extremities – Assessment of symmetric peripheral arterial pulses is an essential part of the neonatal evaluation. The diagnosis of coarctation of the aorta (COA)  or other aortic arch obstruction  is strongly suggested in the infant with decreased or absent pulses in the lower extremities with strong upper extremity pulses, or blood pressure ≥10 mmHg higher in the arms than legs. When measuring upper and lower extremity blood pressure in neonates, it is important to ensure that the cuff size is appropriate and that the infant is in the same state (ideally, sleeping or in a quiet awake state) during all measurements. 

Infants with significant COA may have cool and/or mottled lower extremities that must be distinguished from cutis marmorata, a purplish, marble-like mottling that appears with exposure to cold. Cutis marmorata is probably caused by constriction of the small cutaneous arterioles, causing the small venules to appear prominent. It is not usually limited to the lower extremities and disappears once the infant is warm. COA should also be considered in the differential diagnosis of neonatal hypertension. 

Some cases of COA escape early diagnosis. In the study of the utility of routine examinations to detect CHD cited above, 19 of 95 (20 percent) infants diagnosed with COA by 12 months of age were not diagnosed before 12 weeks of age 

· Extracardiac abnormalities – Extracardiac abnormalities are frequently detected in children with CHD, and CHD may be a component of many specific syndromes and chromosomal disorders . Infants with genetic disorders associated with cardiovascular malformations should be evaluated for possible cardiac abnormalities. Skeletal abnormalities, especially those of the hand and arm, are often associated with cardiac malformations.

In the available reports, approximately 20 percent of children with CHD had noncardiac abnormalities and 7 to 12 percent had an identifiable syndrome or chromosomal disorder

Late presentation

 Clinicians should be alert to clinical manifestations of CHD that may be detected in the course of initial routine newborn visits because some neonates with critical CHD are asymptomatic during the birth hospitalization and then develop signs and symptoms after discharge, typically by two weeks of age 

Evaluation — The evaluation for CHD in an infant includes

· General assessment (including weight).

· Measurement of heart rate and upper and lower extremity blood pressure.

· Detailed cardiac examination (including auscultation for murmurs and/or abnormal heart sounds). In some infants with CHD, murmurs may not be heard during the initial examination but may be detected at or beyond the age of six weeks.

· Palpation of the liver edge (to assess for hepatomegaly).

· Assessment of peripheral pulses.

In addition, primary care providers should ascertain whether pulse oximetry screening was performed during the birth hospitalization and, if not, perform screening in the office setting. 

Measurement of upper and lower extremity blood pressure and assessment of peripheral pulses are particularly important. Diminished and absent peripheral pulses are findings consistent with the diagnosis of COA, which is frequently delayed. The importance of physical examination findings in detecting newborns with COA was highlighted in a study of 90 infants with critical COA, 19 (21 percent) of whom were born at centers with pulse oximetry screening. One-half of the neonates were discharged from the birth hospital undiagnosed, and nearly one-half of the discharged infants were later readmitted for circulatory failure (one infant died at home). Clinical findings suggestive of COA (ie, systolic cardiac murmur and/or weak femoral pulses) had been noted in 17 (37 percent) of the discharged infants. In a study from the United Kingdom of all infants with CHD diagnosed before 12 months of age, 27 and 20 percent of infants with coarctation remained undiagnosed by six weeks and three months, respectively.

When to refer

 For infants seen in the office setting by primary care providers, consultation or referral to a pediatric cardiologist should be made if any of the following are noted:

· Signs or symptoms concerning for CHD, including cyanosis, respiratory symptoms, difficulty feeding, or poor weight gain. 

· Physical examination findings suggestive of CHD, including abnormal precordial activity, abnormal heart sounds (eg, S3 gallop, click, or single S2), pathologic murmur, abnormal four extremity blood pressure (ie, blood pressure ≥10 mmHg higher in the arms than legs), or diminished or absent lower extremity pulses. 

· Positive pulse oximetry screening. 

· Genetic disorder or extracardiac abnormality associated with cardiovascular malformations

· Abnormal chest radiograph or ECG
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Lecture № 4
     Topic: « Infections of the urinary system in children »  – 2 hours.

    The actuality of the topic: Urinary tract infection (UTI) is one of the most common pediatric infections. It distresses the child, concerns the parents, and may cause permanent kidney damage. Prompt diagnosis and effective treatment of a febrile UTI may prevent acute discomfort and, in patients with recurrent infections, kidney damage. The febrile infant or child who has no other site of infection to explain the fever, even in the absence of systemic symptoms, should be assessed for the likelihood of pyelonephritis (upper UTI). Most episodes of UTI during the first year of life are pyelonephritis.
 Aims of the lecture
Acquisition by the master of higher education of knowledge and formation of elements of professional competences in the field of pediatrics and improvement of skills and competences acquired during the study of previous disciplines.
The content of the lecture
The main diseases of the urinary system in children

І Hereditary and congenital nephropathy:

1. Congenital anomalies of the kidneys and urinary tract anatomy:

Congenital Anomalies of Kidneys: anomalies in number (supernumerary kidneys or renal agenesis, aplasia), anomalies of renal location (dystopy, ptosis, rotation), form (horseshoe, S- and l-shaped kidney); malformations of the ureters, bladder and urethra urinary system innervation anomalies with the neurogenic bladder syndrome. 

II Acquired kidney and urinary tract diseases

· Urinary tract infection: pyelonephritis, urethritis, cystitis

· Glomerulonephritis

· Acute kidney injury

· Chronic kidney disease

Major complaints in a patients with pathology of the urinary system

· Fever without symptoms of ARVI

· Lower back pain/costovertebral angle tenderness (CVA tenderness)

· Dysuria syndrome: frequent / rare, painful urination)

· Urinary retention ≥12 h

· Swelling, total edema

· Color change (intense yellow, red urine) / change in urine clarity (cloudy)

· Headache, dizziness, nausea - signs of hypertension

Urinary tract infection: prevalence 

In young children with fever — The prevalence of UTI in children <2 years presenting with fever has been the subject of several large prospective studies and a meta-analysis. Important points that emerged from these studies include:

●The overall prevalence of UTI is approximately 7 percent in febrile infants and young children but varies by age, sex, and circumcision status.

●The prevalence is highest among uncircumcised boys, particularly those who are younger than three months.

●Females have a two- to fourfold higher prevalence of UTI than do circumcised males.

For children age 2 through 23 months of age, the probability of UTI can be estimated on a case-by-case basis using an online calculator from the University of Pittsburgh

In older children — In pooled analysis of four studies that included children <19 years (most of whom were older than two years) and had urinary symptoms and/or fever, the prevalence of UTI was 7.8 percent (95% CI 6.6-8.9).

MICROBIOLOGY: 

Escherichia coli is the most common bacterial cause of UTI; it accounts for approximately 80 percent of UTI in children. Other gram-negative bacterial pathogens include Klebsiella, Proteus, Enterobacter, and Citrobacter. Gram-positive bacterial pathogens include Staphylococcus saprophyticus, Enterococcus, and, rarely, Staphylococcus aureus.

PATHOGENESIS

The bacteriology of UTI, along with the observation that a minority (4 to 9 percent) of children with UTI are bacteremic, is consistent with the hypothesis that most UTI beyond the newborn period are the result of ascending infection.

Colonization of the periurethral area by uropathogenic enteric pathogens is the first step in the development of a UTI. The presence of pathogens on the periurethral mucosa, however, is not sufficient to cause UTI. Pathogens attach to the uroepithelial cells via an active process mediated by glycosphingolipid receptors on the surface of epithelial cells. Bacterial attachment recruits toll-like receptors (TLR), a family of transmembrane coreceptors involved in the recognition of pathogen-associated protein patterns. TLR binding triggers a cytokine response, which generates a local inflammatory response.

A variety of virulence factors enable bacteria to ascend into the bladder and kidney. The best-studied virulence factors in E. coli are pili, hair-like appendages on the cell surface. Bacteria possessing pili can adhere effectively to the uroepithelium and ascend into the kidney, even in children without vesicoureteral reflux. In the kidney, the bacterial inoculum generates an intense inflammatory response, which may ultimately lead to renal scarring. 

Predictors of culture-confirmed UTI 

Clinical and demographic factors associated with increased risk of culture-confirmed UTI were identified in a nested case-control study of febrile (>38°C [100.4°F]) children age 2 through 23 months who were evaluated for UTI in the emergency department of a tertiary care children's hospital . They include:

•Age <12 months

•Maximum reported temperature ≥39°C (102.2°F)

•Female child

•Male child who is uncircumcised

•No other source of fever identified (eg, acute otitis media; upper respiratory tract infection, gastroenteritis, bronchiolitis, or other viral syndrome; pneumonia, meningitis)

Additional factors that increase the risk of UTI in young children include history of UTI and duration of fever ≥48 hours . These factors have been used to develop a calculator to estimate the probability of UTI in children age 2 through 23 months

Older children

Symptoms and signs of UTI in older children include fever, urinary symptoms (dysuria, urgency, frequency, new-onset incontinence), abdominal pain, suprapubic tenderness, and costovertebral angle tenderness . The constellation of fever, chills, and flank pain is suggestive of pyelonephritis in older children.

In a meta-analysis of the diagnostic accuracy of the clinical findings of UTI in verbal children, the following findings were the most helpful in identifying children with UTI:

●Abdominal pain

●Back pain

●Dysuria, frequency, or both

●New-onset urinary incontinence

Clinical presentation:

· Abdominal or lumbar pain (CVA tenderness) or dysuria 

· Infectious inflammatory syndrome:

· Fever, pallor, nausea, vomiting

Lab changes:

· Inflammatory changes in the complete blood count: 

· Increased ESR, neutrophilic leukocytosis (“left shift”)

· Increasing of the C-reactive protein level

· Changes in the urinalysis: 

· Urine pH> 6.5 (alkaline)

· Leukocyturia

· Microproteinuria

· Bacteriuria

· Nitrituria

· Mucus (during cystitis or urethritis)

MANAGEMENT 

●Decision to hospitalize – Most children with urinary tract infection (UTI) can be managed as outpatients. Indications for hospitalization include age <2 months, clinical urosepsis, immunocompromised patient, vomiting or inability to tolerate oral medication, lack of outpatient follow-up, and failure to respond to outpatient therapy. 

●Empiric antimicrobial therapy – Empiric antimicrobial therapy immediately after appropriate urine collection is warranted in children with a high probability of UTI based on the clinical and laboratory data available (ie, "high risk" per UTICalc). This is particularly true for young children with fever (especially if >39°C [102.2°F] or >48 hours), ill appearance, costovertebral angle tenderness, known immune deficiency, or known urologic abnormality. 

We recommend that empiric therapy for UTI in children include an antibiotic that provides adequate coverage for Escherichia coli (Grade 1B). The agent of choice should be guided by local resistance patterns. Definitive therapy is based upon the results of urine culture and sensitivities. 

•We suggest a cephalosporin as the first-line oral agent in the treatment of UTI in children without genitourinary abnormalities (Grade 2A). Amoxicillin or ampicillin should be added if enterococcal infection is suspected. 

-For children with a high likelihood of renal involvement (ie, fever >39°C [102.2°F] with or without back pain), we use a second-generation (eg, cefuroxime) or third-generation cephalosporin (eg, cefixime, cefdinir, ceftibuten).

-For children with low risk of renal involvement (eg, fever ≤39°C [102.2°F], not toxic-appearing), we prefer a first-generation cephalosporin (eg, cephalexin) provided that the local resistance of E. coli to first-generation cephalosporins is not increased.

•Cephalosporins (eg, cefotaxime, ceftriaxone, cefepime) and aminoglycosides (eg, gentamicin) are appropriate first-line parenteral agents for empiric treatment of UTI in children. 

MANAGEMENT 

●Duration of therapy – The duration of therapy depends upon the age of the child and the clinical scenario. 

•Febrile children are usually treated for 10 days

•Afebrile children are usually treated for shorter periods (3 to 5 days)

●Response to therapy – The clinical condition of most patients improves within 24 to 48 hours of initiation of appropriate antimicrobial therapy. 

In children whose clinical condition worsens or fails to improve as expected within 48 to 72 hours of initiation of antimicrobial therapy, broadening of empiric therapy may be indicated. Renal bladder ultrasonography (RBUS) should be performed as soon as possible to evaluate the presence of renal abscess or surgically correctable anatomic abnormalities or obstruction. 

Imaging

•RBUS – We obtain routine RBUS after first febrile UTI in children younger than two years who did not have normal prenatal ultrasonography at a reputable center at >30 to 32 weeks of gestation. We also obtain RBUS for children of any age with recurrent febrile UTIs and children of any age with a first UTI who have poor growth, hypertension, or a family history of renal or urologic disease. 

•VCUG – We obtain voiding cystourethrogram (VCUG) to diagnose vesicoureteral reflux (VUR) in children of any age with ≥2 febrile UTIs. We also obtain VCUG in children of any age with a first febrile UTI and:

-Any anomalies on renal ultrasound, or

-The combination of temperature ≥39°C (102.2°F) and a pathogen other than E. coli, or

-Poor growth or hypertension. 

Prognosis

The majority of children with UTI have no long-term sequelae. Prediction of long-term sequelae in children with UTI remains difficult. 

Micturating cystourethrogram (MCUG)

Micturating cystourethrogram (MCUG)
Gold standart investigation to detect VUR
 Vesicoureteral reflux (VUR) is a condition in which urine flows retrograde, or backward, from the bladder into the ureters/kidneys.

Nephrotic syndrome

Hypoproteinemia

Hyperlipidemia

Massive proteinuria:

>3.5 g/24 hrs in the urine sample

Nephrotic syndrome: causes

    Primary: 

· Lipoid nephrosis

· Membranous glomerulonephritis

   Secondary: 

· Infectious diseases: post-streptococcal glomerulonephritis, bacterial endocarditis, viral hepatitis B, syphilis, malaria

· Мedically induced (chemical compounds of gold, mercury, drugs, contrast media)

· Systemic diseases (systemic lupus erythematosus, rheumatoid arthritis)

· Diabetes mellitus

· Tumors

Nephrotic syndrome: clinic and diagnosis

Clinical presentation:

· Onset is usually between 2 and 6 years of age

· May be after infection 

· Edema – first appears around the eyes, in the end: anasarka with effusion in the serous cavities 

· Oliguria with high urine specific gravity 

· Can be: diarrhea, abdominal pain 

· Can not be: hypertension and massive hematuria

Lab changes:

· Urinalysis: significant proteinuria or >3.5 g/L

· 24 hour proteinuria - loss of protein with urine during 24-hours: >50 mg/kg/24 hrs

· (>40 mg/m2/h or >3.5 g/1.73m2/24 hrs) OR >3.5 g/ 24 hrs

· Sometimes microhematuria, granular or erythrocytic casts

· Hypoproteinemia - total blood protein decrease to 40-30 g/L

· Hypoalbuminemia - serum albumin less than 25 g/L

· Dysproteinemia: Increase in the proportion of α2- and β-globulins

· Hypercholesteremia and hypertriglyceridemia

· Serum creatinine is usually normal or slightly higher than norm

Treatment

· Mild—outpatient management; if severe—hospitalize

· Start prednisone for 4–6 weeks, then taper 2–3 months without initial biopsy

· Consider biopsy with hematuria, hypertension, heart failure, or if no response after 8 weeks of prednisone (steroid resistant)

· Sodium restriction.
· If severe—fluid restriction, plus intravenous 25% albumin infusion, followed by diuretic to mobilize and eliminate interstitial fluid

· Re-treat relapses (may become steroid-dependent or resistant); may use alternate agents (cyclophosphamide, cyclosporine, high-dose pulsed methylprednisolone); renal biopsy with evidence of steroid dependency

Treatment of idiopathic nephrotic syndrome in children

Initial management: Empiric steroids – In children with nephrotic syndrome (NS) who have a high probability of having minimal change disease (MCD)based on clinical and laboratory findings, we recommend empiric therapy with oral prednisone, thus avoiding kidney biopsy (Grade 1B). MCD is the most common cause of NS in children< accounting for 75 to 80 percent of pediatric cases. 

In our center, we start with oral prednisone at a dose of 60 mg/m2 per day (maximum of 60 mg/day). When proteinuria disappears, prednisone is continued at the same daily dose for a total of 30 days, followed by alternate-day therapy at 40 mg/m2 (maximum dose 60 mg) every other day for one month. Other experts in the field also use the same initial dose of steroid, but the duration of initial therapy following onset of remission varies among pediatric nephrologists. 

Remission: Steroid-sensitive NS – Most children with idiopathic NS will respond to initial steroid therapy. After six months of initial steroid therapy, approximately 30 percent of children with steroid-sensitive NS (SSNS) will not relapse, 10 to 20 percent will have less than four relapses, and the remaining will have frequent relapses and/or relapse while on steroid therapy (steroid-dependent). 

For children with steroid-sensitive nephrotic syndrome (SSNS), the preferred intervention generally is steroid therapy for subsequent relapses.

With the initial relapse or for infrequent relapses, we administer oral prednisone at a daily dose of 60 mg/m2 or 2 mg/kg (maximum of 60 mg/day) until proteinuria resolves for three days, at which point, alternative-day therapy is initiated and tapered over four weeks. Other centers use a similar approach with variation on the dosing and length of therapy

For children with frequently relapsing and/or steroid dependent NS, we administer oral prednisone at a daily dose of 40 to 60 mg/m2 or 2 mg/kg (maximum of 60 mg/day) until proteinuria resolves, at which point, alternative day therapy is initiated and tapered until the patient's threshold level and continued for 12 to 18 months.

Treatment of idiopathic nephrotic syndrome in children

Steroid toxicity for patients with SSNS: Treatment options – For children who require steroids to maintain remission and have evidence of steroid toxicity, alternative nonsteroidal immunosuppressive agents can be added to maintain remission while reducing steroid dosing and toxicity. 

We suggest levamisole as the initial steroid-sparing immunosuppressive agent compared with other immunosuppressive agents (Grade 2C). It is the least expensive and least toxic of the effective therapeutic choices. However, levamisole has limited global availability. 

If levamisole is not available, we suggest mycophenolate mofetil (MMF) as the initial therapy drug for patients with significant steroid toxicity compared with other agents (Grade 2C). Although perhaps not as effective as calcineurin inhibitors (CNIs), MMF is less nephrotoxic. 

In other centers, CNIs are used as the initial steroid-sparing agent. However, sustained remission with these agents requires prolonged treatment and increases the risk of potentially irreversible nephrotoxicity. As a result, in our practice, cyclosporine is only used in patients who fail to maintain remission after a course of MMF without a significant reduction in steroid dose. If CNIs are used, plasma creatinine concentration should be monitored regularly, and a kidney biopsy should be performed even in asymptomatic patients after 18 to 24 months of therapy to screen for potential interstitial fibrosis. 

Steroid-resistant nephrotic syndrome – Ten to 15 percent of children will fail to respond to steroid therapy. These children with steroid-resistant nephrotic syndrome (SRNS) are at greatly increased risk for developing end-stage kidney disease (ESKD). Evaluation to determine the underlying etiology, including a kidney biopsy and screening for genetic disorders, should be performed as therapeutic decisions are based on the underlying cause.

Nephritic syndrome                                                   

Acute glomerulonephritis (GN) comprises a specific set of renal diseases in which an immunologic mechanism triggers inflammation and proliferation of glomerular tissue that can result in damage to the basement membrane, mesangium, or capillary endothelium. 
 Acute GN can be due to a primary renal disease or to a systemic disease.

Acute post-streptococcal glomerulonephritis with nephritic syndrome: clinic and diagnosis

Clinic:

· Symptoms appear 1-4 weeks after streptococcal (pharyngitis) or other infection OR an existing infection(fever…) 

· Arterial hypertension syndrome: nausea, vomiting, headache, high blood pressure

· Abdominal, lower back pain  (+/-)

· Oliguria/ anuria 

· Left ventricular failure (hypervolemic): orthopnea, tachypnea, tachycardia, bulging of cardiac borders

· Edema in the face, legs, torso

Lab changes:

Simple urine test: 

· “Cola-colored” or “tea-colored” urine (macrohematuria) OR microhematuria

· Moderate proteinuria - up to 1-3 g/24 hrs

· In the urine sediment: changed RBC, RBC casts

In blood tests:

· Moderate signs of immunopathological process: increase of ESR to 20-30 mm/h and C-reactive protein

· Increased titer of antistreptococcal antibodies (antistreptolysin O, antistreptokinase, antihyaluronidase)

· Azotemia (uremia): GFR decrease, increased creatinine level

· Possible mild anemia (due to hydremia)

Acute Kidney Injury

Acute kidney injury (AKI)  – is a clinical syndrome characterized by:

· increase serum creatinine level by ≥ 26,5 mmol/L during 48 hours

· Or  ≥1,5-time creatinine level increase in the last 7 days 

· Or decrease in urine output <0.5 ml/kg/h for 6 hours. 

Characterized by a wide range of disorders - from a temporary increase in the concentration of kidney damage biological markers to acute renal failure - ARF - severe metabolic and clinical disorders requiring renal replacement therapy (dialysis)

Causes: sepsis, shock, chronic heart failure, nephrotoxins (medicines, etc.), urinary tract obstruction

 Severe violations of biochemical parameters                 lesions of organs and systems  

 Azotemia – increased levels of urea, creatinine. Hyperkalemia - threatening arrhythmias. 

As progression, azotemia goes into uremia - a severe intoxication of the body, caused by retention of protein metabolism products due to decline in kidney function 

Acute Kidney Injury

AKI diagnostic criteria suggested by Kidney Disease: Improving Global Outcomes (KDIGO) 

· Any of the following 1-3 :

· Serum creatinine level increase ≥26.5 μmol/L (≥0.3 mg/dl) from normal within 48 hours OR

· Serum creatinine level increase ≥1,5 -times from baseline, which is true or likely to have occurred in the last 7 days OR 

· Urine output<0.5 ml/kg/h for 6 hours:

· Anuria: urine output <5 ml/kg/24 h

Additional criteria:

4. Hyperkalemia, hypocalcemia,

hyperphosphatemia

5. Metabolic acidosis 

6. Impairment of consciousness (V, Р, U)  

7. Uriniferous mouths (smell of urea from the mouth)

Acute Kidney Injury causes

Pre-renal AKI — vasogenic shock (hypovolemic shock (diarrhea, vomiting, blood loss, severe burns, rarely - insufficient fluid intake and polyuria) and distributive shock-peripheral vasodilatation  (septic, anaphylactic, spinal) are most common in children)

Renal AKI — structural injury in the kidney (vascular, glomerular, tubular and interstitial causes): glomerulonephritis, acute tubulointerstitial nephritis, acute pyelonephritis, haemolitic uraemic syndrome  …

Post-renal AKI — obstruction of the urinary collecting system caused by:

renal calculi, tumors, blood clots, external compression

congenital malformations of the urinary tract (posterior urethral valves, ureterocele)

Dialysis

The indications for dialysis in children include the following:

Signs and symptoms of uremia

Azotemia defined as blood urea nitrogen (BUN) ≥80 to 100 mg/dL (29 to 36 mmol/L)

Severe fluid overload (eg, cardiopulmonary compromise and/or hypertension) that is refractory to medical therapy

Severe electrolyte abnormalities (eg, hyperkalemia and acidosis) that are refractory to medical therapy

Need for nutritional support in a child with oliguria or anuria

Chronic kidney disease

Chronic kidney disease (CKD) is defined as abnormalities of kidney structure or function, present for >3 month, with implications for health (KDIGO 2012). 

CKD causes:

· Nonglomerular (60%): congenital anomalies of urinary tract; cystic kidney disease, obstructive uropathy, neurogenic bladder

· Early manifestations: detection of underlying disease, polyuria, delayed growth or developmental abnormalities by imaging 

· Glomerular (40%): glomerulonephritis, nephrotic and nephritic syndromes, systemic diseases

· Early manifestations: macro- or microhematuria, persistent proteinuria, edema, hypertension

· Chronic renal failure (CRF) – a stage of chronic kidney disease with decreased GFR 

CKD progression – laboratory determined based on the value of GFR and albuminuria levels

Glomerular Filtration Rate

Glomerular filtration rate (GFR) represents the flow of plasma from the glomerulus into Bowman’s space over a specified period and is the chief measure of kidney function. 

Cystatin C may be a more appropriate endogenous biomarker than SCr for estimating GFR in neonates, given its minimal placental transfer, relatively constant production rate, and independence of inflammatory conditions, muscle mass, sex, body composition, and age.

Estimated GFR for children using revised Schwartz formula:

GFR= 0.413 × Ht/Crserum

Height is measured in cm. Serum creatinine is measured in mg/dL.

Glomerular Filtration Rate

Glomerular filtration rate (GFR) represents the flow of plasma from the glomerulus into Bowman’s space over a specified period and is the chief measure of kidney function. 

Cystatin C may be a more appropriate endogenous biomarker than SCr for estimating GFR in neonates, given its minimal placental transfer, relatively constant production rate, and independence of inflammatory conditions, muscle mass, sex, body composition, and age.  

Online calculator https://www.mdcalc.com/revised-schwartz-equation-glomerular-filtration-rate-gfr-2009

Chronic kidney disease

Clinical presentation of CKD with severe renal dysfunction::

· Uremia - autointoxication developing in severe renal failure as a result of nitrogen metabolites (azotemia) and other toxic agents retention and characterized by disorders of water-salt, acid-base balance and osmotic manifested CNS and other organs and systems 

· Uremic encephalopathy 

· Smell of urea from the mouth and skin 

· Signs of dehydration, itching of the skin

· Physical and sexual development delay

· Skeletal deformities and osteoporosis

· Arterial hypertension, arrhythmia

· Ileocolonic involvement syndrome 

· Tendency to infections

· Nocturia, polyuria or oliguria in the terminal stage

· In the blood: anemia, increased urea and creatinine levels, hypokalemia in polyuria / hyperkalemia in oliguria, metabolic acidosis 

· In the urine: hypostenuria or isostenuria
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Lecture № 5
 Topic: « Functional disorders of the digestive tract in children »  – 2 hours.
 The actuality of the topic: Functional gastrointestinal disorders (FGID) are common conditions among children and are characterised by recurring GI symptoms that are not attributable to structural or biochemical abnormalities or as a comorbidity of organic disease. FGID may be caused by various factors, such as disturbances in gut motility, visceral hypersensitivity, mucosal and immune function, gut microbiota, and central nervous system processing. FGID in children lead to a significant symptom burden with associated psychological distress, reduced quality of life, school absenteeism, greater health care expenditure, and missed work for parents. Furthermore, FGID in childhood is also linked to the progression of the disorder into adulthood, such that 25% of children who present with recurrent abdominal pain may subsequently develop irritable bowel syndrome (IBS) as an adult.
  Aims of the lecture
Acquisition by the master of higher education of knowledge and formation of elements of professional competences in the field of pediatrics and improvement of skills and competences acquired during the study of previous disciplines.
The content of the lecture
History

Rome I: In 1994, Rome I was published as The Functional Gastrointestinal Disorders: Diagnosis, Pathophysiology, and Treatment—A Multinational Consensus. 

Rome II: By the mid-1999s, the concept of FGID classification and the use of diagnostic criteria was promoted. In Rome II, the pediatric population of FGIDs was added. 

Rome III: It differed from Rome I and II by the use of more evidence-based rather than consensus-based data in 2006. 

Rome IV: It was published in 2016 and tried to address the limitations of a symptom-based criteria.

G - Functional Gastrointestinal Disorders Neonates and toddlers

G1.  Infant regurgitation

G2.  Rumination syndrome 

G3.  Cyclic vomiting syndrome (CVS) 

G4.  Infant colic 

G5.  Functional diarrhea 

G6.  Infant dyschezia 

G7.  Functional constipation

G1. Infant Regurgitation


Must include both of the following in otherwise healthy infants 3 weeks to 12 months of age: 

· Regurgitation 2 or more times per day for 3 or more weeks 

· No retching, hematemesis, aspiration, apnea, failure to thrive, feeding or swallowing difficulties, or abnormal posturing

G4. Infant Colic 


For clinical purposes, must include all of the following: 

· An infant who is <5 months of age when the symptoms start and stop 

· Recurrent and prolonged periods of infant crying, fussing, or irritability reported by caregivers that occur without obvious cause and cannot be prevented or resolved by caregivers 

· No evidence of infant failure to thrive, fever, or illness in infants from birth to 4 months of age 


“Fussing” refers to intermittent distressed vocalization and has been defined as “[behavior] that is not quite crying but not awake and content either.”               Infants often fluctuate between crying and fussing, so that the two symptoms are difficult to distinguish in practice.


For clinical research, a diagnosis of infant colic must meet the preceding diagnostic criteria and also include both of the following:

· Caregiver reports infant has cried or fussed for 3 or more hours/day during 3 or more days in 7 days in a telephone or face-to-face screening interview with a researcher or clinician;

· Total 24-hour crying plus fussing in the selected group of infants is confirmed to be 3 hours or more when measured by at least one, prospectively kept, 24-hour behavior diary.

G7. Functional constipation


 Diagnostic criteria         
Must include one month of at least two of the following in infants up to 4 years of age:

· Two or fewer defecations per week

· History of excessive stool retention

· History of painful or hard bowel movements

· History of large diameter stools

· Presence of a large fecal mass in the rectum

· In toilet trained children, the following additional criteria may be used:

· At least one episode/week of incontinence after the acquisition of toileting skills

· History of large diameter stools which may obstruct the toilet

H. Childhood Functional GI Disorders: Child/Adolescent

H1.    Functional nausea and vomiting disorders


H1a.  Cyclic vomiting syndrome (CVS)


H1b.  Functional nausea and functional vomiting


H1c.  Rumination syndrome 


H1d.  Aerophagia 

H2.    Functional abdominal pain disorders 


H2a.  Functional dyspepsia 



H2a1.  Postprandial distress syndrome



H2a2.  Epigastric pain syndrome


H2b.  Irritable bowel syndrome (IBS)


H2c.  Abdominal migraine 


H2d.  Functional abdominal pain − not otherwise specified 

H3.    Functional defecation disorders 


H3a.  Functional constipation 


H3b.  Non-retentive fecal incontinence

H1a. Cyclic Vomiting Syndrome


Diagnostic criteria, must include all of the following:

· Two or more periods of intense, unremitting nausea and paroxysmal vomiting, lasting hours to days within a 6-month period

· Episodes are stereotypical in each patient

· Episodes are separated by weeks to months with return to baseline health between episodes

· After appropriate evaluation, the symptoms cannot be attributed to another medical condition

Treatment

Treatment focusses on two aspects of the CVS attacks. One aspect is the prevention of episodes in children who suffer from frequent, severe and prolonged attacks. Daily treatment with cyproheptadine, pizotifen, amitriptyline, propranolol or erythromycin can diminish the frequency of episodes or can even prevent them entirely. The other aspect is to reduce the severity of the attacks. Oral acid-inhibiting drugs for the protection of esophageal mucosa and lorazepam for antiemetic, anxiolytic and sedative purposes can be considered.

H2a. Functional Dyspepsia


Diagnostic criteria must include one or more of the following bothersome symptoms at least 4 times a month for at least 2 months prior to diagnosis:

· Postprandial fullness

· Early satiation

· Epigastric pain or burning not associated with defecation

After appropriate evaluation, the symptoms cannot be fully explained by another medical condition


H2a1.  Postprandial distress syndrome includes bothersome postprandial fullness or early satiation        which prevents finishing a regular meal. Supportive features include upper abdominal bloating, postprandial nausea, or excessive belching.


H2a2.  Epigastric pain syndrome which includes all of the following: bothersome (severe enough to interfere with normal activities)
        pain or burning localized to the epigastrium. The pain is not generalized or localized to other abdominal or chest regions and is
not relieved by defecation or passage of flatus. Supportive criteria can include (a) burning quality of the pain but without a retrosternal component, (b) commonly induced or relieved by ingestion of a meal but may occur while fasting.

H2b. Irritable Bowel Syndrome


Diagnostic criteria* must include all of the following:

· Abdominal pain at least 4 days per month over at least 2 months associated with one or more of the following:

· Related to defecation

· A change in frequency of stool

· A change in form (appearance) of stool

· In children with abdominal pain and constipation, the pain does not resolve with resolution of the constipation (children in whom the pain resolves have functional constipation, not IBS)

· After appropriate evaluation, the symptoms cannot be fully explained by another medical condition

       *Criteria fulfilled for at least 2 months prior to diagnosis
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