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лихоманки, головного болю (86.2%), блювоти (69.9%), 
судом (1.6%), порушення свідомості (17.8%) і 
менінгеального синдромокомплексу (80.2%). 
Етіологічний чинник був встановлений у 20.3% пацієнтів. 
У 41.4% пацієнтів спостерігались неврологічні 
ускладнення. Летальний наслідок спостерігався у 7.3% 
пацієнтів. Головним збудником гострих бактеріальних 
менінгітів виявився S. pneumoniae – 56.0%, друге місце 
посла N. meningitidis – 36.0%, третє поділили між собою S. 
aureus і L. monocytogenes (по 4.0% випадків). Частими 
ускладненнями виявлялися набряк мозку (90.2%), парези 
кінцівок (11.7%) і епілептичні припадки (7.8%). 
Розповсюдженість гострих бактеріальних менінгітів 
склала 0.86 на 100 тис населення в рік в співвідношенні 
між чоловіками і жінками 1.5:1 та загальною річною 
смертністю 0.06 на 100 тис населення. 

Ключові слова: бактеріальний менінгіт, 
епідеміологія, етіологія, дорослі. 
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лихорадки, головной боли (86.2%), рвоты (69.9%), судорог 
(1.6%), нарушения сознания (17.8%) и менингеального 
синдромокомплекса (80.2%). Этиологический фактор был 
установлен у 20.3% пациентов. У 41.4% пациентов 
наблюдались неврологические осложнения. Летальный 
исход наблюдался у 7.3% пациентов. Главным 
возбудителем острого бактериального менингита оказался 
S. pneumoniae – 56.0%, второе место заняла N. meningitidis 
– 36.0%, третье поделили между собой S. aureus и L. 
monocytogenes (по 4.0% случаев). Частыми осложнениями 
были отек мозга (90.2%), парезы конечностей (11.7%) и 
эпилептические припадки (7.8%). Распространенность 
острого бактериального менингита составила 0.86 на 100 
тыс населения в год в соотношении между мужчинами и 
женщинами 1,5:1 и общей годовой смертностью 0.06 на 
100 тыс населения. 
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The main reason for the development of lower extremities gangrene in diabetes mellitus is impairment of their blood supply. 
In recent decades, endovascular surgical treatment has played a significant role in restoring blood supply. However, the issues of 
complications that arise after such interventions, the reasons for their occurrence, what morphological changes occur in the 
atherosclerotic artery wall during their implementation remain understudied. Therefore, experimental research to study the local 
changes that occur in the arteries of the lower extremities during balloon angioplasty, especially in patients with ischemic diabetic foot, 
is an urgent problem of modern interventional surgery. The purpose of the study was to provide a morphological justification for the 
use of stepwise dosed balloon angioplasty using balloons of different diameters and lengths compared to standard methods in patients 
with ischemic form of diabetic foot syndrome. An experimental study was performed on 20 lower limbs that were amputated at the 
hip level for foot gangrene in patients with ischemic form of diabetic foot syndrome. The first group included 5 (25.0%) lower 
extremities, in which immediately after the surgery, sections of the tibial arteries with stenosis of more than 75% were sampled. Group 
II included 5 (25.0%) amputated lower extremities, which immediately after the surgery were performed a typical balloon angioplasty. 
Group III included 10 (50%) amputated lower extremities, in which the method of stepwise dosed balloon angioplasty was tested. 
According to the results of experimental studies, it was found that mainly when performing staged dosed angioplasty according to the 
proposed method, the inner elastic membrane of the artery was clearly pronounced, had insignificant areas of fragmentation. At the 
same time, the outer elastic membrane was quite well pronounced throughout the whole length, had insignificant areas of 
fragmentation and they were much less in number than in those cases when angioplasty was performed according to standard methods. 
Moreover, in the outer membrane, where vasa vasorum and vascular nerves were located, they remained almost unchanged. Reducing 
the number and sizes of arterial membranes’ dissection, their fragmentation when performing staged dosed balloon angioplasty by the 
proposed method using balloons of different diameters and lengths permits to recommend it in practice to reduce the incidence of 
thrombotic complications in the early postoperative period. 
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Over the past 10-15 years, the incidence of diabetes mellitus (DM) in Ukraine has almost doubled 
to more than 1.5 million people. The syndrome of diabetic foot (DFS) occurs in every fourth patient and 
ends in almost half with high amputation of one or both lower extremities [3]. Two thirds of patients die 
from gangrene of the lower extremities, and its development in patients with diabetes is observed many-
fold more frequently than in the general population. [6, 7]. 

The main reason for the development of the lower extremities gangrene in diabetes mellitus is an 
impairment of their blood supply [11, 12]. The main method of restoring blood flow in this disease is 
surgical revascularization, but this method can be used to a limited extent in patients with virtually no distal 
blood flow and with the presence of severe comorbidities. In addition, there is currently no reliable 
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assessment criterion that permits to select patients for surgical revascularization [1]. The situation is further 
complicated by the fact that against the background of diabetes mellitus, the infragenicular arteries are most 
often affected [3, 7, 12]. 

At the same time, the problems of complications after endovascular intervention for chronic 
ischemia of the lower extremities and technical difficulties during their implementation are insufficiently 
studied and clarified in the domestic and world literature [5]. There is almost no literature on morphological 
changes that occur in atherosclerotic artery wall during balloon angioplasty in patients with diabetes 
mellitus. Depending on these data, it is possible to predict the development of some complications that 
occur in the early postoperative period after endovascular interventions [10]. Therefore, experimental study 
of local changes that occur in peripheral arteries during balloon angioplasty, particularly in patients with 
ischemic form of DFS, is an urgent problem of modern interventional surgery, [9]. 

The purpose of the study was to provide a morphological justification for the use of stepwise 
dosed balloon angioplasty using balloons of different diameters and lengths compared to the standard 
method in patients with ischemic form of diabetic foot syndrome. 

Materials and methods. The study was performed on 20 lower limbs that were amputated at the 
level of the thigh for foot gangrene in patients with ischemic DFS. This experimental study was approved 
by the Commission on Ethics and Bioethics of the Ukrainian Medical Stomatological Academy at the 
Ministry of Health of Ukraine. 

Amputated limbs for the experiment were divided into 3 groups. Group 1 consisted of 5 lower 
extremities, in which immediately after the operation, sections of the infragenicular arteries were taken at 
the site of stenosis (75% or more). Group 2 also included 5 lower extremities, on which immediately after 
the operation an experimental typical one-stage conventional angioplasty under pressure from 8 to 22 atm 
was performed with antegrade (through the femoral artery) insertion of a Pacific Plus OTW balloon into 
the posterior or anterior infragenicular arteries. Group 3 included 10 (50%) amputated lower extremities, 
on which we tested our proposed method of stepwise dosed balloon angioplasty. 

The method of stepwise dosed balloon angioplasty lied in the fact that in the lumen of one of the 
infragenicular arteries a conductor was inserted behind the affected area, through which a balloon catheter 
for angioplasty was inserted and there was a gradual increase in pressure with exposure for 5 minutes at 
3/4 of the nominal pressur with gradual pressure increase by 1 atm for 1 minute, and exposure for 5 minutes 
when reaching the required diameter of the balloon catheter. This study was performed on areas of the 
posterior or anterior great infragenicular arteries up to 10 cm long, with balloons corresponding to the 
diameter of the selected vessel and ranging from 2 to 3.5 mm and the length of 2 to 4 cm. Raising the 
pressure in the balloon causes the gradual influence on the arterial wall, reduces its trauma and helps to 
preserve the integrity of the arterial intima (performed under the control of arteriography). 

General histological study methods were applied. 
Results of the study and their discussion. Morphological changes in the walls of the 

infragenicular arteries of group 1 in atherosclerosis were evidence of its initial stages. In the cross sections 
of the vessels, the intima at the site of atherosclerotic plaque had the form of an intermittent lining, due to 
the partial destruction of endothelial cells. Undamaged endothelial cells had unevenly spaced hyperchromic 
nuclei that protrude into the vascular lumen. The walls were segmentally thickened with the formation of 
plaques, which were based on actively proliferating fibroblasts and cells of smooth myocytes of the 
subendothelial layer. The nuclei of the latter in these places were arranged in several layers, perpendicular 
to the inner surface of the vessel. The fibrous structures of the plaque in places had a loose appearance, 
which was an evidence of mucoid edema. The middle membrane of the arteries under the plaque was thin. 
The outer elastic membrane was without visible changes. The loose fibrous connective tissue of the 
adventitia contained unevenly full-blooded blood vessels located in small groups. 

Assessing the results of histological examination of the infragenicular arteries of group 2 (after 
angioplasty according to the standard method, in which the selected diameter cylinders were installed in 
the site of atherosclerotic lesions of the vessel with the simultaneous achievement of the required balloon 
diameter) showed that the inner elastic membrane was loosened and exfoliated. In some areas, exfoliation 
of the intima and inner elastic membrane with a layer of smooth myocytes of the middle membrane was 
observed in the places of ballooning (fig. 1A). 

In the media membrane, on the border with adventitia, small hemorrhages were detected in the 
intercellular space. The outer elastic membrane was not clearly visualized, but areas of collagen and elastic 
fibers fragmentation were also observed in it (fig. 1B). 

The outer membrane of the artery was represented by loose fibrous connective tissue, in which 
perivascular cell infiltration was determined. 
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 А  В 
Fig. 1. The wall of the anterior great infragenicular artery after balloon angioplasty by standard methods: A - exfoliation of the intima with 

a layer of smooth myocytes of the media; B - adventitial exfoliation with hemorrhage. Hematoxylin and eosin staining. Magnification: Oc: 10; 
Ob.10 

In group 3, histological examination of the anterior infragenicular artery wall, when performing 
balloon angioplasty by our proposed stepwise, dosing method, showed that the inner membrane consisted 
of endothelial cells, which had a polygonal shape and were located on the inner elastic membrane (fig. 2A). 

 

 А  В 
Fig. 2. The wall of the anterior infragenicular artery during balloon angioplasty by stepwise, dosed achievement of nominal pressure in 

the balloon: A - preservation of intima, media and adventitia; B - slight stratification in the media and outer membranes. Hematoxylin and eosin 
staining. Magnification: Oc: 10; Ob.10. 

 

Endothelial cells were stretched along the vessel, the subendothelial layer consisted of thin elastic 
and collagen fibers, which were also located along the vessel. Single smooth myocytes and low specialized 
connective tissue cells were located between the fibers. The inner elastic membrane was clearly defined, 
had insignificant areas of fragmentation, almost a continuous contour. In the specimens there were single 
areas of intima and internal elastic membrane exfoliation (fig. 2B). 

The media membrane consisted of smooth myocytes, between which there were single collagen 
and elastic fibers, making a framework for them (fig. 2A, B). 

Comparing the architectonics of the media membrane to group 2 (balloon angioplasty, which was 
performed according to the standard method), it was found that the stepwise, dosed method of balloon 
angioplasty showed a lower frequency of these stratifications and their insignificant size. 

The outer elastic membrane was quite well pronounced throughout, but had insignificant areas of 
fragmentation and at the same time, they were less numerous than in cases where angioplasty was 
performed according to standard methods. 

The outer membrane was represented by loose fibrous connective tissue in which the vasa vasorum 
and the nerves of the vessels were localized, which remained almost unchanged in the analysis of 
histological specimens. 

Due to the rapid development of endovascular surgery, it has become possible to use endovascular 
revascularization methods for distal lesions. This largely applies to balloon angioplasty and stenting of the 
infragenicular arteries. Recently, the use of balloon angioplasty is proposed to be considered in patients 
with critical lower extremity ischemia as a first-line intervention [12]. 

Prospects for the use of balloon angioplasty were determined by the following factors: achieving 
adequate results, reducing the number of complications, the possibility of repeated interventions, low 
mortality. All this opened up great opportunities in the application of this method in the treatment of critical 
ischemia of the lower extremities. Endovascular treatment methods had a relatively low risk of 
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complications with a high level of success [12], therefore some researchers predict the technical success of 
endovascular treatment in impaired patency of the lower extremities arteries at 91% [4]. 

Therefore, according to experimental research on histological study of changes that occured in the 
atherosclerotic wall of the infragenicular arteries and during balloon dilatation in various ways, it was 
established that mainly when performing stepwise dosed angioplasty according to the proposed method, 
the internal elastic artery membrane was sufficiently pronounced, had insignificant fragmentations with an 
almost continuous contour. At the same time, the outer elastic membrane was quite well pronounced 
throughout, had insignificant areas of fragmentation and they were much smaller than in those cases when 
angioplasty was performed according to standard methods. Moreover, the outer membrane was represented 
by loose fibrous connective tissue, where there were vasa vasorum and vascular nerves, which remained 
almost unchanged. The obtained data do not contradict those previously published [2]. 

 

Conclusion 
Reducing the number and size of arterial membranes exfoliations, their fragmentation when 

performing stepwise dosed balloon angioplasty according to the proposed method using balloons of 
different diameters and lengths, permits to recommend its use in practice to reduce the incidence of 
thrombotic complications in the early postoperative period. 
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ПРИМЕНЕНИЯ ПОЭТАПНОЙ ДОЗИРОВАННОЙ 
БАЛОННОЙ АНГИОПЛАСТИКИ В СРАВНЕНИИ 
СО СТАНДАРНОЙ МЕТОДИКОЙ У БОЛЬНЫХ  
С ИШЕМИЧЕСКОЙ ФОРМОЙ СИНДРОМА 
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Сидоренко А.В. 
В останні десятиліття значне місце у відновленні 

кровозабезпечення відіграють ендоваскулярні методи 
хірургічного лікування. Однак, залишаються недостатньо 
вивченими питання ускладнень, які виникають після 

В последние десятилетия значительное место в 
восстановлении кровоснабжение играют эндоваскулярные 
методы хирургического лечения. Однако, остаются 
недостаточно изученными вопросы осложнений, которые 
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проведення таких втручань, причини їх виникнення, які 
морфологічні зміни відбуваються у атеросклеротично 
зміненій стінці артерії при їх проведені. Метою 
дослідження було дати морфологічне обґрунтування 
застосування поетапної дозованої балонної ангіопластики 
з використанням балонів різного діаметру і довжини у 
порівнянні з стандартною методикою у хворих з 
ішемічною формою синдрому діабетичної стопи. Згідно 
отриманих результатів експериментальних досліджень 
встановлено, що в основному при виконанні поетапної 
дозованої ангіопластики за запропонованим способом 
внутрішня еластична перетинка артерії чітко виражена, 
має не значні ділянки фрагментації.  При цьому, зовнішня 
еластична перетинка виражена достатньо добре на всьому 
протязі, має не значні ділянки фрагментації і їх було 
значно менше чим у тих випадках коли виконувалась 
ангіопластика за стандартною методикою. Причому, у 
зовнішній оболонці, де знаходилися судини судин та 
нерви судин, вони збереглися майже без змін. Зменшення 
кількості і величини розшарувань оболонок артерії, їх 
фрагментації при виконанні поетапної дозованої балонної 
ангіопластики за запропонованим способом з 
використанням балонів різного діаметру і довжини 
дозволяє рекомендувати її використання у практичній 
діяльності для зменшення частоти виникнення 
тромтичних ускладнень у ранньому післяопераційному 
періоді. 

Ключові слова: діабетична стопа, балонна 
ангіопластика 
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возникают после проведения таких вмешательств, причины их 
возникновения, какие морфологические изменения 
происходят в атеросклеротически измененной стенке артерии 
при их проведении. Целью исследования было изучить в 
эксперименте морфологические изменения, которые 
происходят в стенке берцовых артерий при проведении 
баллонной ангиопластики у больных с ишемической формой 
синдрома диабетической стопы. Согласно полученным 
результатам экспериментальных исследований установлено, 
что в основном при выполнении поэтапной дозированной 
ангиопластики по предложенному способу внутренняя 
эластичная перепонка артерии четко выражена, имеет не 
значительные участки фрагментации. При этом, внешняя 
эластичная перепонка выражена достаточно хорошо на всем 
протяжении, имеет не значительные участки фрагментации и 
их количество было значительно меньше чем в тех случаях, 
когда выполнялась ангиопластика по стандартной методике. 
Причем, во внешней оболочке, где находились сосуды 
сосудов и нервы сосудов, они сохранились почти без 
изменений. Уменьшение количества и величины расслоений 
оболочек артерии, их фрагментации при выполнении 
поэтапной дозированной баллонной ангиопластики по 
предложенному способу с использованием баллонов 
различного диаметра и длины позволяет рекомендовать ее 
применять в практической деятельности для уменьшения 
частоты тромботических осложнений в раннем 
послеоперационном периоде. 

Ключевые слова: диабетическая стопа, балонная 
ангиопластика 
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Idiopathic pulmonary fibrosis is a severe, steadily progressive disease. Lack of specific signs and presence of individual 
variations in the course of the disease indicate the need to find additional non-invasive markers for diagnosis, estimation of the 
disease severity and monitoring of treatment effectiveness. Therefore, this study aimed to determine activities of gelatinase A and 
gelatinase B activities, as well as progelatinase B/lipocalin complex in patients with moderate and severe IPF. It was found that 
increased gelatinase A and gelatinase B activities correlated with the disease progression. Increased activities of progelatinase B 
and its active form at different stages of the disease can be used as markers of the severity of the fibrotic process, while gelatinase 
A activity can indicate its stage. Changes in the progelatinase B/lipocalin complex activity reflect clinical signs and symptoms 
during the idiopathic pulmonary fibrosis course and are associated with the severity of the disease. 

Keywords: idiopathic pulmonary fibrosis, gelatinases A and B, progelatinase B/lipocalin complex. 
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Idiopathic pulmonary fibrosis (IPF) is a severe and potentially fatal disease, which is defined by a 
radiological and histopathological pattern of interstitial pneumonia. The triggering mechanisms of this 
disease remain unclear [12]. The diagnosis of IPF is based on a set of clinical signs, lung biopsy data, and 
a typical high-resolution computed tomography pattern [11], provided that other diseases that cause 
pulmonary fibrosis are excluded [13]. IPF predominantly affects elderly patients. Among the adult 
population, IPF is usually diagnosed in patients older than 55 years. The average survival rate is 3-5 years 
and it directly depends on the patient's age at the time of diagnosis: in patients diagnosed between 66 and 
69 years of age the survival was almost 8 years compared with 4.5 years in patients diagnosed at the age 
of 75-79 years and only 2.5 years in patients over 80 years of age [10]. 

Clinical signs of IPF are not sufficiently specific and coincide with those of other diseases of the 
interstitial lung disease group [1]. Currently, the high-resolution computed tomography has been 
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