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A B S T R A C T K E Y W O R D S 

We examined 100 children with chronic pneumonia, who were divided 

into two groups: Group I consisted of 30 patients aged 12-14 years (with 

bronchial deformation - 24 patients; with bronchiectasis - 6), Group II - 

70 patients aged 15 - 15 years. 16 years (with bronchial deformation - 46 

patients; with bronchiectasis - 24). An analysis of the indicators of the 

blood hemostasis system in patients with chronic pneumonia was carried 

out. The presented data emphasize the significant pathogenetic 

significance of changes in hemostasis in patients with chronic pneumonia, 

which requires the search for new methods of pathogenetic therapy based 

on anticoagulant effects.          
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Introduction 

The lungs play a significant role in maintaining the physiological balance of the coagulation, fibrinolytic 

system and in the regulation of hemostasis [3,4,6,11]. Thus, the lungs are the site of fibrinolysis, the 

richest source of heparin. In addition, in the reticuloendothelial cells of the connective tissue of the 

lungs, the possibility of synthesizing fibrinogen, prothrombin, tissue thromboplastin and Ac - globulin 

is allowed [8,10]. Naturally, the inflammatory process in the lungs can be accompanied by changes in 

the blood coagulation system. Of particular interest are these changes in chronic lung pathology in 

children, when emerging hemocoagulation disorders can aggravate hypoxia and determine the course 

and prognosis of the disease [1,2,5,7,9]. 

  Violation in the hemostasis system in chronic lung pathology determines the severity of the disease, 

the presence of an exacerbation, the degree of pulmonary heart failure, so monitoring this system is 

important. 

 

PURPOSE OF THE STUDY 

To analyze the parameters of the blood hemostasis system in children with chronic pneumonia. 

 

MATERIALS AND METHODS OF RESEARCH 

100 patients with chronic pneumonia were examined, who were divided into two groups: group I 

consisted of 30 patients aged 12-14 years (with bronchial deformation - 24 patients; with bronchiectasis 
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- 6), group II - 70 patients aged 15 years. and older -16 years (with bronchial deformation - 46 patients; 

with bronchiectasis - 24). 

Recalcification time according to the method of K. Bergerhoff and Rock. Determination of prothrombin 

time using the method of A.L. Quick; Plasma fibrinogen concentration was determined by the 

gravimetric method of R.A. Rutberg; Free heparin level according to E. Simrey's method. Ethanol test 

according to V.G. Lychev; Lipinski protamine sulfate test; Fibrinolytic activity according to the method 

of M.A. Kotovshchikova and B.I. Kuznik. Plasma tolerance to heparin according to L. Poller’s method. 

 

RESULTS OF THE STUDY AND THEIR DISCUSSION 

 Studies of the indicators of the hemostasis system were carried out for the first time on the days of 

admission to the clinic in the acute phase, against the background of heparin therapy (7-8 days of 

treatment), and after the treatment before discharge. The results of the study of the coagulation system 

are presented in Table 1. 

 

Table 1. Changes in hemostasis parameters in chronic pneumonia in children upon admission in 

the acute phase (M±m) 

№ Indicators  Healthy children Children with chronic obstructive 

pulmonary disease 

3-7 years 8-15 years 3-7 years 

n=30 

8-15 years 

n=70 

1. Plasma recalcification time 

(sec) 

90,1±6,8 

 

90,6±7,8 78,2±5,4 

Р<0,05 

74,6±4,7 

Р<0,05 

2. Plasma tolerance to heparin 

(min) 

8,74±0,69 9,38±0,79 6,94±0,44 

Р<0,05 

6,45±0,76 

Р<0,001 

3. Free heparin in blood plasma 

(sec) 

6,4±0,54 7,1±1,12 4,2±0,5 

Р<0,02 

3,8±0,52 

Р<0,001 

4. Plasma fibrinogen (g/l) 2,94±0,12 2,69±0,2 4,81±0,6 

Р<0,001 

5,1±0,47 

Р<0,001 

5. PDF (g/l) 2,8±0,9 2,91±0,92 3,4±0,76 

Р>0,05 

6,7±0,96 

Р<0,05 

6. ethanol sample negative negative 13,3% positive 20% positive 

7. Protamine sulfate test negative negative 10% positive 25,7% positive 

8. Prothrombin index (%) 94,5±0,44  96,0±0,76 94,8±1,2 

Р>0,1 

99,88±1,02 

Р<0,05 

9. Platelets (1 µl)109 /l 239.0 ±13,6 268±9,76 

 

288,2±17,5 

Р<0,05 

300±22,0 

Р<0,05 

10 Fibrinolytic activity (%) 10,2±0,91 10,7±0,94 7,71±0,92 

Р<0,05 

6,23±0,74 

Р<0,001 

 

Note: P- reliability of the difference between the indicators of healthy and sick children 

 

As can be seen from Table 1, during the period of exacerbation of chronic pneumonia in the examined 

children of all age groups, the average value of recalcification time compared with similar indicators in 

healthy children was accelerated 78.2±5.4 74.6±4.7 (P <0.05 ), which indicates an increase in overall 

blood clotting. 
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It was found that in children with bronchiectasis there was an even greater reduction in the time of 

recalcification of blood plasma compared to the group of healthy children and averaged 76.04±4.68 

seconds. (P<0.001), and in children with bronchial deformation without their expansion 79.14±3.46 

sec. (P>0.1). 

The most significant acceleration in the time of recalcification was observed in children with a serious 

condition during complications. As can be seen from Table 1, during the period of exacerbation of 

chronic pneumonia in the examined children in all age groups, the average value of the time of 

recalcification in comparison with similar indicators in healthy children was accelerated 78.2 ± 5. 4 

74.6±4.7 (P<0.05), which indicates an increase in the overall blood clotting ability. When studying the 

timing of recalcification of blood plasma depending on the form of chronic pneumonia, Fig. 1. It was 

found that in children with bronchiectasis there was an even greater reduction in the time of 

recalcification of blood plasma compared to the group of healthy children and averaged 76.04±4.68 

seconds. (P<0.001), and in children with bronchial deformation without their expansion 79.14±3.46 

sec. (P>0.1). 

The most significant acceleration in the timing of recalcification was observed in children with a serious 

condition when chronic pneumonia was complicated by pulmonary heart failure or the addition of 

circulatory failure. On average, it was 70.4±3.4 seconds, which was significantly (P<0.05) higher than 

in patients with an average severity of the disease of 82.68±5.4. According to the Bergerhoff-Rock test, 

it can be noted that in patients with chronic obstructive pulmonary disease, shifts towards 

hypercoagulation are observed, and the severity of these shifts depends both on the activity of the 

inflammatory process in the bronchopulmonary system and on the severity and duration of the disease. 

Data on the content of free heparin in blood plasma in patients with chronic pneumonia showed 

significant changes. Thus, in the phase of exacerbation of the disease, a sharp (P<0.001) decrease in the 

level of free heparin was observed in all age groups to an average of 4.2±0.5 seconds; 3.8±0.52, normal, 

respectively 6.4±0.54; 7.1±1.12 seconds. Taking into account individual fluctuations, in 18 patients 

with a recent (2-year) duration of the disease, the level of free heparin was within the normal range, in 

6 patients it was higher than the control values. 

With pulmonary heart failure, the addition of circulatory failure. On average, it was 70.4±3.4 seconds, 

which was significantly (P<0.05) higher than in patients with an average severity of the disease of 

82.68±5.4. According to the Bergerhof-Rock test, it can be noted that in patients with chronic 

pneumonia there are shifts towards hypercoagulation, and the severity of these shifts depends both on 

the activity of the inflammatory process in the bronchopulmonary system and on the severity and  

Data on the content of free heparin in blood plasma in patients with chronic pneumonia showed 

significant changes. Thus, in the phase of exacerbation of the disease, a sharp (P<0.001) decrease in the 

level of free heparin was observed in all age groups to an average of 4.2±0.5 seconds; 3.8±0.52, normal, 

respectively 6.4±0.54; 7.1±1.12 seconds. Taking into account individual fluctuations, in 18 patients 

with a recent (2-year) duration of the disease, the level of free heparin was within the normal range, in 

6 patients it was higher than the control values. 

So, in the first days of admission to the clinic, the level of free heparin in these patients slightly exceeds 

the general indicators and averages 5.75±0.95; 4.84±0.64 sec. (P>0.05). Based on the data obtained, it 

can be noted that the level of free heparin in the blood of children with chronic pneumonia in the acute 

phase of the disease tends to decrease. A decrease in the content of free heparin indicates an increased 

readiness of the blood to clot due to an exacerbation of the inflammatory process in the lungs. The 
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higher content of free heparin in the blood that we have established in the bronchiectasis variant and in 

severe cases of the disease is apparently a consequence of an increase in the number of mast cells in the 

focus of inflammation and the manifestation of one of the mechanisms of compensatory and adaptive 

reactions of the body to the constant hypoxic state of patients in this group, since Heparin increases 

tissue tolerance to oxygen and adapts them to oxygen deficiency.  

Analysis of our results revealed an increase in fibrinogen content in the blood plasma in children with 

this pathology aged 13 to 16 years, 4.81±0.6, while in the control group it was 2.94±0.12; 2.69±0.2 

(P<0.001). Severe hyperfibrinogenemia in our studies occurs due to an increase in inflammatory 

fibrinogen A, which is an indicator of inflammation (caused by the inflammatory process) and is aimed 

at limiting the focus of inflammation. 

Somewhat different results were obtained in the study of the content of fibrinogen in patients with 

bronchiectasis and with a severe course of the disease, so these patients showed the greatest increase in 

the content of fibrinogen in the blood plasma compared with patients with bronchial deformity, with 

moderate severity of the disease (P<0.05) and was 5.8±0.35; 6.8±0.52, which indicates the highest 

activity of the inflammatory process in these patients. Data on the prothrombin index in patients with 

chronic pneumonia are subject to fairly minor fluctuations (Table 1). In the phase of exacerbation of 

chronic pneumonia, a significant increase in the average indicator was observed in patients from 8 to 

15 years old and amounted to 99.88±1.02 (P<0.05). In sick children aged 3 to 7 years, there was a slight 

increase in prothrombin activity 94.8±1.2 (P>0.1), while in the group of healthy children this figure 

averaged 94.5±0.44; 96.0±0.76%. 

As can be seen from the above data, the prothrombin index in sick children with chronic pneumonia 

has a deviation from the norm. At the same time, the most significant deviation from the level of control 

figures was observed in the phase of exacerbation of the disease. 

A study of the platelet link of hemostasis showed that during the period of exacerbation of chronic 

pneumonia, an increase in the number of platelets was observed in all age groups (288.2±17.5; 

300±22.0). Of these, in some children of patients with bronchiectasis and a serious condition, 

hyperthrombocytosis was observed (329.8±13.1; 342.4±18.7), which we assessed as a thrombophilic 

condition. 

An analysis of blood fibrinolytic activity (FAK) showed that in children with this disease at the age of 

13-16 years, an insignificant decrease in the average level of 7.71 ± 0.92% was observed at admission, 

with a norm of 10.2 ± 0.91%. The most pronounced decrease in fibrinolytic activity was observed in 

patients aged 8-15 years (6.23±0.74 P<0.001). 

FAK blood was detected in 3% of sick children with a serious condition with pulmonary heart failure. 

So, in the phase of exacerbation of the disease, FAC in these patients was 11.48±0.96 P<0.05 compared 

with the control group 10.20±0.91. In children with a moderately severe condition, the index of 

fibrinolytic activity of the blood was significantly reduced (P<0.001). An increase in FAC is explained 

by significant hypoxia of organs and tissues, a compensatory response of the body to increased blood 

clotting, and a factor preventing thrombosis.  Summarizing the above data, it should be noted a clear 

dependence of the state of the blood coagulation system on the phase of the course, the clinical form, 

the duration of the disease, and the severity of the patients' condition. 

As can be seen from the above data, the prothrombin index in sick children with chronic pneumonia 

has a deviation from the norm. At the same time, the most significant deviation from the level of control 

figures was observed in the phase of exacerbation of the disease. 
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A study of the platelet link of hemostasis showed that during the period of exacerbation of chronic 

pneumonia, an increase in the number of platelets was observed in all age groups (288.2±17.5; 

300±22.0). Of these, in some children of patients with bronchiectasis and a serious condition, 

hyperthrombocytosis was observed (329.8±13.1; 342.4±18.7), which we assessed as a thrombophilic 

condition. 

When studying the hemostasis system in patients with chronic pneumonia  

depending on the clinical form, age and severity of the patients' condition, we encountered large 

fluctuations of these indicators. In this regard, we identified the following types of changes in the 

functional state of the hemostasis system in chronic pneumonia in children. 

We regarded the increase or decrease in hemostasis indicators from the initial level of healthy children 

by 50-60% as a compensatory type, 60-90% subcompensatory type, 100% or more decompensatory 

type I and below 40% decompensatory type II hemostasis disorders Table 2. 

A compensatory type of disorder was observed in 60% of patients aged 3-7 years and 44.3% at the age 

of 8-15 years. When assessed from the clinical form, a compensatory type of disorder was observed in 

34.3% of patients with bronchial deformity without their expansion. And in patients with moderate 

severity, a compensatory type of hemostasis disorder was observed in 28.6%. 

 

Table 2. Comparative assessment of hemostasis indicators in relation to the number of patients 
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In children aged 3 to 7 years 

  n=30 

60 26,6 13,4 - 

For children 8 to 15 years old 

  n=70 

44,3 38,6 12,8 4,3 

With bronchial deformity n=70 

With bronchiectasis 

  n=30 

34,3 65,7 - - 

With moderate condition n=84 

With serious condition n=16 

- 33,4 56,6 10 

      

In patients with a compensatory type of hemostasis disorder during exacerbation of chronic pneumonia, 

a moderate activation of the procoagulant link of the hemostasis system occurs. The activation of the 

procoagulative link was evidenced by a moderate increase in plasma fibrinogen content, a shortening 

of the plasma recalcification time, an increase in plasma tolerance to heparin, a slight decrease in blood 

fibrinolytic activity (P> 0.05) and a negative ethanol and protamine sulfate test. We regarded the 

compensatory type of hemostasis impairment as a state of moderate hypercoagulability and considered 

it an adequate response of the body to inflammation. A subcompensatory type of hemostatic disorder 

was observed in 26.6% of patients aged 3-7 years, in 38.6% of patients aged 8-15 years, in children 

with bronchial deformity, a subcompensatory type of disorder was observed in 65.7%, with 

bronchiectasis in 33, 4% of patients, which was associated with the duration of the disease and the 

incidence of bronchiectasis. 
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When studying the severity of the condition of patients, the subcompensatory type of disorder was 

found in 71.4% of patients with moderate severity. In patients with a subcompensatory type of 

hemostasis disorder, there was a higher activation of the procoagulant link of the hemostasis system. 

These patients had an even more significant increase in fibrinogen content. 

In decompensatory type I hemostasis disorders, the level of prothrombin activity began to decrease, the 

level of fibrinogen significantly increased (P<0.001), and more noticeably than in the subcompensatory 

type of disorder, the most significant acceleration of recalcification time was observed, the content of 

heparin in the blood was significantly reduced, inhibition was noted. fibrinolytic activity of the blood, 

in 25% of children all paracoagulation tests - fibrinogen B, ethanol, protamine sulfate test were positive. 

  

CONCLUSIONS 

Thus, the presented data indicate a significant pathogenetic significance of changes in hemostasis in 

patients with chronic pneumonia, which requires the search for new methods of pathogenetic therapy 

based on the anticoagulant effect. 
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