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Lecture  Peculiarities of the purulent infection in children

1. Actuality of theme: Anatomic and physiological features of newborns, uncontrollable use of the antibacterial therapy, a problem of an intra-hospital infection promote that a frequency of purulent diseases in newborns remains on high level. A danger of the purulent infection in newborns is caused by imperfection of the protective mechanisms of the newborn organism, possibility of damage of the growing structures and organs that can lead to early complications as well, as to late ones. 

Diseases of the lungs occupy one of the leading places among all causes of the pediatric morbidity and mortality. The most frequent pulmonary disease is a pneumonia. The majority of the patients with pneumonia are treated by pediatrics, but sometimes the course of pneumonia are followed with complications, required the surgical interventions. This is a bacterial destructive pneumonia. 

2. Aims of lecture: 

- educational: 

Students of V year must know etiology and pathogenesis of  bacterial destructive pneumonia, its clinical symptoms, diagnostic methods and methods of treatment in children with different forms of the bacterial destructive pneumonia, make a differential diagnostics with other diseases. 

- training: 

As result of the lecture, a philosophic rationale to management of children with surgical diseases must be formed, that is based on the main diagnostic and treatment principles of the national school of pediatric surgery.   

3. Structure of the lecture: 

	№
	Main parts of the lecture 
	Aims 
	Lecture type, lecture contents 
	Time 

	1
	2
	3
	4
	5

	1

2
	Preparative part 

Educational aims presentation 

Formation of positive motivation
	
	
	5 %

	3

4

5

6

7
	Main part 

Acute and chronic osteomielites.

Metaephiseal osteomielaites.

Classification, Clinical forms of acute hematogenous osteomyelitis, treatment.

Bacterial destructive pneumonia,  its classification.

Etiology and pathogenesis of the   bacterial destructive pneumonia

Pulmonary complications.

Pleural complications.

Treatment of the bacterial destructive pneumonia
	II

III

III

III

III
	Multimedia presentation 
	85 % 

	8

9

10
	Final part 

Conclusions of the lecture 

 Students' questions 

Tasks for independent work of students
	
	
	10 %


4. Contents of the lecture. 

Osteomielites

Among pyo-inflammatory diseases of childhood osteomyelitis occupies one of the top-level positions by prevalence and severity of the clinical course.

Children most often have hematogenous osteomyelitis and in general among all the patients with this disease the children make up 75%. In 70% of cases the pathological process affects the long tubular bones, primarily those with the intensive growth (femur, tibial bone, shoulder) and, as a rule, starts with the metaphysis.

Hematogenous osteomyelitis disease producing germ mostly is staphylococcus. At first the process develops as a monoinfection, but with the course of time in most cases flora becomes mixed, the microbial associations predominate. 

The pathogenesis.

The entrance of the infection may be pyo-inflammatory diseases of the skin, mucous membranes, tonsils, ears and so forth. With the blood flow the microbes are carried into the organs with an abundant blood supply and hampered by the cells of reticuloendothelial system. A sedimentation of microorganisms exactly in metaphyses of long tubular bones is promoted by a great number of macrophages which are red marrow is rich in and by physiological slowing down of blood flow in the bloody lakes – sinusoids where a stasis is observed up to 30 – 40 sec. 

Under a prolonged infections persisting, additional infecting, action of provoking factors (trauma, supercooling) against a background of immunological insufficiency, the microflora of metaphyseal cells realizes its pathogenic properties. First of all it causes damage of intraosseal vascular wall under the action of microbial toxins and enzymes. The alteration of vascular wall leads to the exit of microbial toxins outer vascular space, where the exudative sings manifest. The exudates accumulation in a closed rigid osteal cavity results in an increase of intraosseal pressure in 2-3 times, that in its turn stipulates an occlusion of intraosseal vessels from the outside, first of all in haversian canals, i.e. the bone’s own blood supply system suffers affliction first of all. So the 1-st phase of hematogenous osteomyelitis is the marrow edema and develops 1-2 days.

In the 2-nd phase (medullar phlegmon) exudates transforms to pus. Intraosseal pressure increases up to 300-500mm H2O (normal rate 60-80 mm H2O). These make worth trophy disorders, intraosseal necrosis and distribution of the pathological process from metaphysis into diaphysis.  

At the 4-5th day the 3rd phase  - subperiostal phlegmon - of hematogenous osteomyelitis develops. Pyoexudate along Volkmann’s canal breaks an osteal cortical layer, flows off under a periosteum, causes its inflammation (periostitis), and shifts a periosteum on the stretch that it is turn disturbs subperiosteal blood supply, aggravates local trophic violations and becomes an additional factor of necrotic process. 

Phlegmon of soft tissues is the 4th phase. It characterized by a periosteum necrosis, output of pus via periosteum in paraossal tissues (into intramuscular or hypodermic layer) on the 6-7th day of the disease. 

According to the clinical course hematogenous osteomyelitis divided into acute, subacute and chronic. Depending on the clinical signs intensity T.P. Krasnobayev distinguishes toxic, septicopyemic and local forms of acute hematogenous osteomyelitis. 

Toxic (superacute, adynamic, lightning) form is characterized by the symptoms of toxicosis and microcirculation disturbances caused by endotoxic shock. Hyperthermia, excitation, hallucinations suddenly develop in the child, he faints consciousness, sometimes cramps and vomiting occur. At first the skin is acyanotic, acrocianosis is observed, then petechias develop. The breathing becomes surface, frequent. Tachicardia, progressive decrease of arterial pressure, impossibility of pulse definition on peripheral arteries, olyguria, anuria develop. As a result “shock lung”, “shock kidney”, brain edema develop. The syndrome of disseminated intravascular coagulation appears. The local clinical signs cannot develop. In 70% of cases toxic form of hematogenous osteomyelitis causes fatality during first 2-3 days of the disease. 

The septicopyemic form of hematogenous osteomyelitis is also accompanied by expressed toxicosis, but homodynamic damages are not as fatal as in the lightning one. The onset of the disease is acute, hypertermia, collapse-like attacks, pathological changes on the part of the central cerebral system (disorientation, excitation, delirium), pneumonia, and instability of hemodynamics take place, soon the liver and spleen enlarge, and the icterus can join. General clinical signs of toxicosis are expressed, but they are relatively stable, without rapid progression. The local clinical signs of osteomyelitis are rather precisely determined since the 1st day of the disease. There are megalgia in the aria of impact zone, disturbance of joint function, pain contraction, increase of local temperature and pastosity of paraosseal tissues. Multiple pyemic foci can emerge at once, simultaneously with the onset of disease (some damaged bones, bilateral pneumonia, carditis) or reappear after a while (secondary metastasing of infection).

The local form is characterized by a prevalence of local signs above total ones. But therewith the child is fevering and his general condition can be severe. The onset of disease is characterized full-blown pain syndrome of a hypertensive genesis gradually passing to classic sings of a pyo-inflammatory process though after a spontaneous decompression of a medullar phlegmon in paraosseal tissue the pain becomes a bit weaker. 

Diagnosis of acute hematogenous osteomyelitis includes early methods and late. Puncture of an inflamed bone is the early and crucial important method. On its basis one can define medullar pressure (presence of a medullar hypertension); evaluate macroscopic investigation of a punctate; conduct a microscopic investigation (express bacterioscopy, cytologic investigation); establish etiological diagnosis (bacteriological investigation); evaluate pH. The laboratory investigations (haemogram, proteinogram, immunigram, biochemical indices…) testify to general inflammatory process, its intensity, intoxication manifestation and character of immunological disturbances.

As to X-ray examination within first two weeks of the disease, the roentgen negative phase of hematogenous osteomyelitis takes place, during this time one cannot observe any osteal changes. On the 10-14th day from the onset of the disease X-ray signs appear (roentgen positive phase). They include a spotted osteoporosis, and linear periostitis. 

In contrast to pathological process in children of a school age in babies it develops in a little bit different way. Starting traditionally with metaphyses further inflammation is distributed into epiphysis through a zone of growth. A zone of growth in babies is immature, the chondroblasts are arranged chaotically, they regulation takes place parallel to epiphysis ossifications and according to it the zone of growth gains step-by-step barrier properties. That is why under the lack of ossification nucleus due to morpho-functional immaturity of the growth zone the inflammatory process penetrates its central part, if the ossification nucleus appears, penetration takes place in a peripheral part of the growth zone. That is why in the little kids we speak about metaepiphysial one with different sings and complications. 

The damage of epiphysis entails a destruction of the latter, involving a joint into a pathological process and an origin of arthritis, which in its turn to pathologic dislocation and paraarticular phlegmon. A discredited zone of growth is partially or completely perished and later on it stimulates the development of acquired malformations. The destruction of epiphysis leads to the defects of joint ends, formation of destructive dislocations, instability in joints. 

Clinical picture of acute hematogenous osteomyelitis in babies is different with it in older children. In baby’s disturbance of general condition, increase of temperature, flexibility, paleness, and sometimes icterus, increase of liver and spleen, dyspepsia testify to a toxicosis. A pain equivalent is anxiety, which intensifies at motions. The damaged limb takes an enforced position by a “pseudoparesis”, active mobility is reduced, the passive motions cause the kids anxiety and cry. At the 2-3rd day from the onset of the disease they determine pastosity of paraarticular tissues, later on their edema, hypertermia, which is conditioned by metaepiphiseal localization of the pathological process with an involvement of a joint into inflammation and development of the main sign of acute hematogenous osteomyelitis in babies – arthritis. 

In little kids X-ray negative phase is shorter than in older children and takes 7-10 days. Infiltrative changes of paraosseal tissues, widening of the slit of the affected joint and dislocation in it point to the inflammatory process. Later on in a X-ray positive phase the segment of subphisar destruction of metaphysis with penetration through a zone of growth into epiphysis, signs of periostitis are determined. For early diagnostic of osteomyelitis in babies we should use the puncture of joints with bacteriological, macro- and microscopic investigations. 

Treatment of acute hematogenous osteomyelitis is executed according to the directions formulated by T.P.Krasnobayev:

· Effect on the macroorganism

· Effect on the microorganism

· Effect on the focus of disease.

Effect on the macroorganim provides disintoxication, support and stimulation of immunological forces of the organism, syndromatic therapy, desensibilisation and vitamin therapy.

The effect on the microorganism is carried out by rational antibacterial therapy.

The local treatment includes:

· timely and adequate local decompression;

· local sanitation (antibacterial therapy);

· immobilization of affected extremity.

Decompression of intraosseal focus is advisable to conduct by injection into the damaged segment of constant needles designed by K.P.Aleksyuk. The needles allow not only to drain a bone softly, but to inject the antibiotics, antiseptics directly into the focus of inflammation. 

In subperiostal phlegmon or phlegmon of soft tissues there is indicated applying of sparing cuts (up to 2 cm.) and drainage. If arthritis develops in babies they should be punctured. 

The purpose of fixation is not only maintenance of the damaged with the osteomyelitis segment, but also the prophylaxis of such complications as pathological fracture, dislocations, immobility of joints. Immobilization also decreases painful feelings in affected extremity. 

To the complications of acute hematogenous osteomyelitis the false joint ( it forms after a pathological fracture), destructive dislocation and instability in joints ( due to complete or partial destruction of epiphysis), growth disorders and deformation of bones ( on the basis of complete or partial destruction of growth zone) are referred. 

Chronic osteomyelitis.

Osteonecrosis in the terms from 1 to 4 months is separated by granular tissues from the healthy bone, transforming in sequester. Depending on the volume of blood supply disturbance sequesters may be: total, central and surface laminar. Chronic stage of hematogenous osteomyelitis takes next changes: cambial layer of the saved periosteum proliferates, gets thicker, harder, foci of sclerosis appear. Around central osteonecroses plastic process also take place. It results in derivation of intraosseal cavities, “sequestral coffins”, “osteal sarcophagus” in which pus and granular tissue “eat away” the holes, through which pus and the small sequesters evacuate out, creating fistulas.

Chronic osteomyelitis is divided on primary and secondary one. If the pathologic process lasts more 4-6 months, we talk about transition to the chronic stage – the secondary chronic osteomyelitis.

Secondary chronic osteomyelitis is characterized by alternation of remissions and exacerbations. At the phase of remission the child feels well, he has no complains, the temperature of the body is normal. Among the local data one can determine only moderate increase of the volume of damaged segment. In the phase of exacerbation the patient’s condition is worsening, the temperature of the body increases, the signs of intoxication aggravate, the pain appears in locus morbid and other signs of inflammation occur. Soon paraosteal phlegmon or the fistula opens, from which the pus and sometimes small sequesters discharge. Such an alternation of phases of remission and exacerbation may last for years and initiate distrophic damages of kidneys, liver, heart as well as convert into chroniosepsis.

The X-ray examination of the secondary chronic hematogenous osteomyelitis reveals both destructive and proliferative changes of a bone, such as sclerosis, eburnation, cavitary intraosteal formations with sequesters. The fistulography helps to determine the fistula channel and its connection with intraosteal focus of inflammation and sequester. 

Unlike the secondary chronic process, which is preceded by the acute hematogenous osteomyelitis, at primary-chronicle course of the disease there is no acute phase, from the very beginning the disease is characterized by “cold” course and “blurred” clinical symptoms. Discomfort, slight pains for a long time remain non-localized, the symptom of “sparing” of a damaged limb, an increase of the temperature to mild pyrexia may take place. 

Among primary chronic hematogenous osteomyelitis (its another name – atypical osteomyelitis) there are distinguished the following: Brodie’s abscess, Garre’s osteomyelitis, Ollier’s (albuminous) osteomyelitis, Popkorov’s (antibiotic) osteomyelitis, tumor-like osteomyelitis, Probst’s (plyfocal) osteomyelitis.  

All kids of chronic osteomyelitis both primary- and secondary- are subjected to surgical treatment. Surgical intervention includes radical necrectomy, intraoperative sanitation, multiple puncturing of the remained osteal walls. If necessary an operated-on segment is stabilized with a spire distraction- compressive apparatus. 

Destruktiv pneumonia

Diseases of the lungs occupy one of the leading places among all causes of the pediatric morbidity and mortality. The most frequent pulmonary disease is a pneumonia. The majority of the patients with pneumonia are treated by pediatrics, but sometimes the course of pneumonia are followed with complications, required the surgical interventions. This is a bacterial destructive pneumonia. 

Classification of the BDP:

       Route of infection:

1. Primary – by an aerogenous route through the bronchi,

2. Secondary -  by hematogenous route from other purulent focus. 

       Infecting agent: 

1. Gram-negative.

2. Gram-positive.

3. Mixed flora.

       Complications: 

1. Pulmonary: 

a) abscess,

b) blebs (residual cavities).

2. Pleural:

a) exudative pleuratis, 

b) pyothorax – local and total, 

c) pneumothorax – tension  and non-tension,  

d) pyopneumothorax – tension  and non-tension.

3. Emphysema of  mediastinum.    

Microbes, reaching the pulmonary tissue, begin to produce the different toxins (one of them – necrotoxin)  and proteolytic ferments, which cause the tissue necrosis and formations of the purulent cavities. These cavities join and form the pulmonary abscess. The clinical course of the abscess has two stages. The first one (formation of  abscess or undrained abscess) is followed with severe clinical symptoms of the  respiratory insufficiency and intoxication: shortness of breath, tachypnea, cyanosis,  tachycardia, high temperature, raised white blood cells (WBC) level and erythrocyte sedimentation rate (ESR).The X-ray shows the round shadow, that occupies a few segments or entire pulmonary lobe. If conservative treatment (antibiotherapy, disintoxication) is ineffective, the puncture of the undrained abscess is indicated.  

The second stage of the abscess is a drained abscess. Usually the abscess drains into the bronchi, what is followed with the violent cough with pus, decreased temperature and improvement of the patient condition. The X-ray shows presence of air into the abscess cavity. If the bronchial fistula within the bronchus and abscess cavity is wide and the pus leaves the cavity rapidly the conservative treatment is used. This includes the antibiotherapy, bronchiolitic inhalation, expectorants, postural  drainage. 

After the successful treatment of the pulmonary abscesses the residual  air-filled cavities (blebs) are present into the lung. These cavities need no special treatment and usually disappear in 3 – 4 months.                           

The pneumonia almost always is followed with a serous exudate accumulation in pleural cavity. In case of the destructive pneumonia the suppuration of the exudate happens and it becomes purulent. This is a pyothorax (the pus accumulation in the pleural cavity). The pyothorax is most frequent complication of the bacterial destructive pneumonia. If auscultating a child with severe pneumonia (respiratory insufficiency, fever, intoxication) you found the weak or absent breath sounds        and don't hear the moist rales, this usually means a presence of the pus into pleural cavity. At the roentrenograms  the lung field shadow (local or total) is visible. This shadow closes the pleural sinus and has an oblique upper line. In case of the total pyothorax the upper line reaches the pleural top. To confirm the diagnosis the pleural puncture at the 6th or 7th intercostal space by linia axillaris media or posterior should be done. Presence of the pus in the pleural cavity confirms the diagnosis of pyothorax, what indicates  a necessity for the pleural tube insertion (drainage of the pleural cavity).

Sometimes the abscess cavity empties into the pleural cavity with formation   of the bronchial fistula between the bronchus and pleural cavity. This situation leads to pus and air accumulation into the pleural condition. This complication is known as pyopneumothorax. This is complication is more severe than the pyothorax. In this case the severe condition of the patient with pneumonia deteriorates significantly and may be life-threatening. The dyspnea increases, cyanosis and apprehension appear, the accessory muscle help to breathe. The auscultation reveal the absence of breath sounds, although a few hours before the moist rales and coarse breath sounds were heard. During the percussion the tympanic sound, which indicates presence of the air, is found. The tension pyopneumothrax is followed with progressive air accumulation in the pleural cavity, what causes the mediastinum and heart shift to the opposite side. The tension pyopneumothorax is life-threatening condition, causing the acute  cardiac and respiratory insufficiency. The X-ray shows the the air and pus presence into the pleural cavity with a clear horizontal line between them. The lung is compressed. In the case of the tension pyopneumothorax the shift of the mediastinum and heart to the healthy side is visible. The treatment in this case is emergency and includes the pleural tube insertion. The system of the passive aspiration should be  applied.

In case of the pneumothorax the air accumulates it the pleural cavity.  Like the pyopneumothorax it may be tension and non-tension and requires the  puncture of the pleural cavity to remove the air. The puncture is done at the 2nd or 3rd intercostal space  by linia subclavia media. Sometimes a few puncture should be done. 

The emphysema of mediastinum is a rare complication of the bacterial destructive pneumonia. The presence of the air in the mediastinum is always followed with its spread to neck, where the subcutaneous emphysema is visible. This symptom and X-ray, which shows the presence of air in the mediastinum, allow to make  a correct diagnosis. The local treatment of the emphysema is a suprajugular mediastinotomy and drainage of the mediastinum. 

All these complication of the pneumonia require a general treatment as well, as mentioned above local treatment. The general treatment includes the antibiotherapy, infusion therapy, symptomatic therapy. The antibiotherapy is begun with wide-spread antibiotics, then this therapy is adjusted due to results of the microbial sensitivity.   The intravenous route for antibiotherapy is preferable. Quite often the children with bacterial destructive pneumonia need the oxygen. The nasal cannulas or oxygen tent are used for this purpose. The severe cases may require the ventilator support.

The secondary pneumonia develops as a complication of other purulent diseases. The most common among these diseases is an osteomyelitis.  Usually the bacterias reach the lungs through the hematogenous route. Such pneumonia  have a double-side localization and may be followed with any above-mentioned complication (pyothorax, pyopneumothorax and the rest).       

5. Material to promote a student's attention on the lecture.

1. What are the clinical symptoms of respiratory insufficiency?

2. What classification of pneumonia do you know? 

3. What other diseases may cause respiratory insufficiency in children? 

4. What is X-ray picture of pneumonia? 

5. What points a pleural puncture must be done at?

6. Material for independent work of students. 

1. Classification of the bacterial destructive pneumonia.  

2. What microorganism cause the bacterial destructive pneumonia usually? 

3. What are clinical symptoms of  pulmonary abscess?

4. What are the differences of X-ray presentation of pulmonary abscess, pulmonary cyst and tuberculosis?

5. What is a treatment of the pulmonary abscess? 

6. What are the main clinical symptoms of pyothorax, pneumothorax and pyopneumothorax?

7. What forms of pyothorax do you know? 

8. What forms of pneumothorax do you know? 

9. What are the principles of treatment at purulent diseases? 

10. What are the blebs?

11. What are the symptoms of mediastinum emphysema?
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