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Abstract. In 78 patients with pneumonia (mean age 59+7 years), serum levels of
endothelin-1 (ET-1) were determined. Of these, the first (main) group included 41 patients with
pneumonia who had a history of ischemic stroke (IS) for more than six months (P+IS), the
second group (comparison) consisted of 37 with pneumonia without a history of stroke (P). In
patients with P+IS, compared with patients with P without a history of stroke, the symptoms of
the disease were more pronounced due to a more severe course of pneumonia. In all patients, the
content of serum ET-1 was significantly higher than the control values, more pronounced in
patients with P+IS. Indicators of the content of ET-1 had correlations with the state of lung
function. Thus, the course of the disease in patients with pneumonia is characterized by the
development of endothelial dysfunction. Their intensity is more pronounced in patients with
cardiovascular diseases, in particular with a history of IS.

Keywords: pneumonia, ischemic stroke, endothelial dysfunction, endothelin-1, blood
serum.

Annomayusn. Y 78 601vHbIX ¢ nHeBMOHUAMU (CpedHuti eospacm 59+7 nem) npogedeno
onpeodenenue ypogueti snoomenuna-1 (31-1) 6 cvigopomre kposu. M3 Hux 6 nepsyio (0CHo6HYI0)
epynny eowen 41 00IbHOU ¢ NHEBMOHUAMU, NepeHecwiuti umemudeckut uncyrom (MH) 6
anamueze bonee wecmu mecayes ([I+HH), emopyio epynny (cpasuenus) cocmasunu 37 ¢
nHeemonusmu 6e3 uncyroma 6 anamuese (I1). Y oonvnvix [1+HHU no cpasnenuro ¢ 6orvuvimu I1
Oe3 UHCyIbma 6 anamHese CUMNMoMbL 3a001e6anust ObLIU O0Nee BLIPANCEHHBIMU 6 C8:3U C Ooee
MSACENbIM MedeHueM NHeeMOHUuU. Y ecex 60bHbIX codepaicanue cvigopomouno2o IT-1 6wvlio
3HAYUMO Gble 3HAYEHUll KOHMpos, 6onee evipascenno y Oonvuvix [I+UU. [loxazamenu
coodepxcanuss DT-1 umenu KoppensyuoHuvie 63aUMOCEA3U C COCMOSAHUEM @OYHKYUU TeSKUX.
Takum obpazom, meyenue 3abonesanus y OONbHLIX C NHEGMOHUAMU XAPAKMEPUIYemcs
pazsumuem 3HOOmeauanbHou oucyuxkyuu. Mx unmencusHocmos 06o/ee 8ulpaxceHa y OONbHbIX C
cepoeyHo-cocyoucmuimu 3aboneeanusmu, 6 yacmumocmu MU 6 anammese.

Knrouesvie cnosa: nuesmMonus, uuleMuyeckuil UHCYIbM, OUCHYHKYUS IHOOMeNuUs,
sHOOmenun-1, cleopomka Kposu.

Annomayusn. Ilneemonus ounan ozpuean 78 nagap bemopnapuune (ypmaua 59+7 éw)
KoH 3apoobuda suoomenun-1 (OT-1) oapasxcacu anuknanou. Yaapoan 6upunuu (acocuir)
eypyxea anamuesuda uwemux uncyrom (MHU) 6ynean nneemonus ounan ogpucan 41 6Gemop
(IT+HH), uxkxunuu 2ypyx (maxkociaus) anamuesuoa uncyivbm oyamazan nheemonusiiu 37 demop
kupean (I1). [I+HUU bunan ogpuean bemoprapoa anamue3uda UHCYIbm OyImMazan bemopaapea
HUCOamMan NHe8MOHUS AHAOA O2up Keyuwu anuxianean. bapua bemopnap xon 3apoodoudoa I3T-1
oapaxcacu [I+HHU 6ynean 6emoprapoa Hazopam KUUMAmMIapuoaH, auHuKca makKociama
2ypyxoan anya wkKopu oyrean. IT-1 xypcamxuunapu ynka QyHxyuacu xoaamu Ouian O0&mux
oynean. Illynoau wuiub, nueéMouus OUNaH o08pueaH 6emMopaapoa KaCALIUKHUHE Keduull
SHOOMeENUAN OUCHYHKYUS PUBONCIAHUWU OUNAH MABCUPIAHAOU. YVHUHS UHMEHCUBTUSU HOPAK-
KOH MOMUP KACAIUKIAPU, XYCYCAH, UHCYIbM YMKA32aH 6eMopaapoa KynpoxK Hamoén 6y1aou.
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Introduction. According to WHO (2019), over the past decade, the main diseases that
claimed the most human lives were diseases of the circulatory system (coronary heart disease
and stroke), respiratory infections of the lower respiratory tract and chronic obstructive
pulmonary disease (COPD) [28]. The urgency of the problem of pneumonia lies in the fact that
in addition to the prevalence, this disease is characterized by high mortality and the presence of
comorbid conditions (competing, background and combined diseases), and it is sometimes
difficult to determine the cause of death directly related to pneumonia. Pneumonia causes every
second death in the geriatric population and 90% of deaths from respiratory infections in people
over 64 years of age [12, 28].

There are few works in the literature devoted to the role of pneumonia in the course and
prognosis in patients with cardiovascular disasters. There are isolated studies showing that
pneumonia was the cause of death in stroke patients — about 5% [20, 27].

According to different authors, the frequency of infectious complications in patients with
strokes, both in the acute phase and with consequences, varies significantly (5-65% of cases),
which is due to differences between patient samples, study design, methods of infection
detection [12, 20], therefore reliable statistical data on the frequency of infections in patients
there are no cases with strokes. The literature also discusses the complexity of diagnosing
nosocomial pneumonia in patients with cardiovascular catastrophes in intensive care units [12].

The currently used term stroke-associated pneumonia (stroke-associated pneumonia —
SAP), or post-stroke pneumonia, includes a spectrum of lower respiratory tract infections that
occurred within seven days of the onset of stroke. SAP most often develops during the first week
from the onset of stroke, possibly reflecting the period of the highest risk of developing
pneumonia due to dysphagia, impaired consciousness, decreased immune response and
immobility [25].

For a clearer understanding of the pathogenetic mechanisms of the development and
progression of pneumonia, there is a need to monitor markers of endothelial dysfunction and
immune response in various stages and forms of the disease, as well as to analyze the
relationships between the indicators under consideration and risk factors for this pathology. The
search for new sensitive and specific markers that allow us to study the pathomechanisms of the
development of the disease, taking into account the comorbid background, will allow us to
develop effective methods of pharmacological correction. One of such directions may be the
effect on endothelial dysfunction (ED) [2, 8]. It can be assumed that ED may be an early sign of
hemodynamic disorders in the small circle of blood circulation. The search for new targets for
therapeutic effects in pneumonia, taking into account extrapulmonary disorders, is a promising
direction of modern pulmonology and intensive care.

In this publication, we present the results of a study performed at the Department of
Internal Diseases, Nephrology and Hemodialysis of TashPMI on the basis of the Tashkent State
Clinical Hospital No. 5. The aim of the work was to study the content of endothelin-1 (ET-1) as
a marker of endothelial dysfunction in pneumonia in patients who have suffered an ischemic
stroke (IS).
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Materials and Methods. A retrospective, prospective, cohort, case-control study was
conducted. A total of 78 patients with community-acquired and nosocomial pneumonia were
examined at an average age of 59+7 years (from 38 to 83 years). Of these, 43 (55.1%) are men
and 35 (44.9%) are women, the ratio is 1:1.2.

Depending on the presence of a history of stroke, patients were divided into two groups:
the first (main) consisted of patients with pneumonia who had a history of IS for more than six
months (n=41; 52.6%) (P+1S), i.e. late recovery and the period of persistent consequences of
stroke, the second (comparison group) — patients with pneumonia without a history of stroke
(n=37; 47.4%) (P). The control group consisted of 20 healthy donors, comparable in age and
gender with the study groups.

All patients were subjected to general clinical (collection of complaints, individual and
family history, physical examination, examination of organs and systems, neurostatus, clinical
blood analysis with leukocytogram), instrumental (chest X-ray, pulse oximetry), microbiological
(microscopic examination of sputum with staining according to standard techniques, isolation of
pure cultures of microorganisms from the material taken) research. The severity of pneumonia
was assessed on the M.J. Fine scale | - V classes (PSI — Pneumonia Severity Index, or PORT —
Pneumonia Outcomes Research Team Scale, 1997). The degree of impaired consciousness was
assessed according to the Glasgow com scale (Teasdale G.M., Jennett B., 1974.), the severity of
IS was determined according to the Scandinavian Stroke Scale (1985).

The level of ET-1 (1-21) was determined by solid-phase enzyme immunoassay in
selected and frozen blood sera of patients using a commercial “Biomedica” kit (Austria)
according to manufacturer's instructions.

The data obtained during the study were subjected to statistical processing on a Pentium-
IV personal computer using the Microsoft Office Excel-2012 software package.

Results and Discussion.

The results of the study showed the greatest number of cases of pneumonia in the age
group of 45-75 years (31%) and in people over 75 years (26%). The lowest proportion of severe
pneumonia in young patients (22%), aged 20-39, 40-51 years and over 60 years. Male patients
(58.5%) (24 men and 17 women) prevailed in the P+IS group, while female patients (54%) (20
women and 17 men) prevailed among patients with pneumonia without stroke (54%).

The study included patients with pneumonia of various etiologies. Of the total number of
patients with pneumonia (n=68), the majority were patients with nosocomial pneumonia — 26
patients (38.3%), community—acquired pneumonia — 23 patients (33.8%), aspiration pneumonia -
19 patients (27.9%). Nosocomial (nosocomial) and aspiration pneumonia were more common in
patients who underwent IS.

The analysis of the clinical picture of pneumonia in hospitalized patients generally
reflected the general patterns of the course of the disease. The symptoms of the disease consisted
of the phenomena of intoxication (general weakness, headache, shortness of breath), a general
inflammatory reaction (chills, sweating, fever) and syndromes of inflammatory changes in the
lungs (cough with or without sputum, pleural pain, shortening of percussion sound, increased
vocal tremor, increased bronchophony, weakened breathing, shallow-, medium- and large-
bubbly, crepitating wheezes).

Table 1. Analysis of clinical symptoms in patients with pneumonia, depending on the
presence of ischemic stroke in the anamnesis, %
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Indicator P+IS (n=41) P (n=37)
Cough 64.3* 94.0
Shortness of breath 46.0* 60.3
Chest pain 32.9 37.7
Wheezing during chest auscultation 65.0 70.0
Respiratory rate more than 20 per minute 48.0 56.4
Heart rate over 90 per minute 47.2 31.0
Body temperature over 37.7°C 39.0 42.0

Note: * — significant reliability of differences between groups (P<0.05).

The analysis of Table 1 showed that the frequency of cough and shortness of breath in
patients with pneumonia who had suffered from IS was significantly lower than in patients
without a history of stroke, which may be associated with decrease in the cough reflex and
depression of the respiratory center due to neurological disorder.

The next stage of our work was to assess the severity of the clinical course of pneumonia
and the relationship with the course and severity of stroke. In 69% of cases, pneumonia
developed in severe IS with impaired consciousness, severe neurological deficiency (severe
paresis, paralysis, swallowing disorders, bulbar, pseudobulbar syndrome). Depending on the
localization of the focus of cerebral infarction, pneumonia was more common in vertebrobasilar
(stem) stroke, which may also cause violations of the central regulation of respiratory function,
along with hemorheological, microcirculatory and other disorders. Assessment of the severity of
pneumonia allowed us to assess the course of pneumonia in patients with IS as a whole as
severe. The results of our study showed that among patients with pneumonia after undergoing IS,
pneumonia with lesions of more than two lung segments was much more common and
hospitalization in the intensive care unit was more often required. In the structure of
complications of pneumonia, lung abscesses were noted — 1.7%, pleural empyema — 1.7%,
pleurisy — 17%, sepsis, acute respiratory distress syndrome (ARDS) and multiple organ failure
syndrome (MOFS) - 19.4%. The proportion of patients with complicated pneumonia in the P+1S
group was higher due to the greater number of severe pneumonia in this group. Severe
pneumonia, observed in 50% of cases, directly correlated with the severity of stroke, prolonged
forced horizontal position and swallowing disorder in patients with IS. Also, in the P+IS group, 2
patients (4.9%) with a prolonged course of pneumonia were noted, where the duration of
treatment was 1-1.5 months. Pneumonia was classified as a fatal complication (direct cause of
death) in the P+IS group in only 3 (7.3%) cases.

Investigation of endothelial dysfunction in the development of pneumonia. Due to the
limited literature data and different ET-1 level norms adopted for various laboratory kits to
determine the values of these indicators, in order to obtain the values of the norm, we conducted
a survey of a group of relatively healthy donors, as well as a group of patients with acute IS. The
level of ET-1 in the blood of practically healthy patients was 9.5+2.87 fmol/ml.

In patients with pneumonia, an increase in the level of ET-1 was determined in
comparison with the control group (38.79=7.11 vs. 9.5=2.87 fmol/ml, respectively; P<0.01). The
level of ET-1 in the blood serum of patients with P+IS was 45.32+6.18 fmol/ml, which
significantly exceeded in 1.4 times the values of patients with P without stroke — 32.26+8.05
fmol/ml (P<0.05).
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Figure 2. Serum levels of ET-1 in both groups of patients with pneumonia and in
healthy donors.

When studying the correlation relationships of the data obtained during the study in
patients with pneumonia, significant statistically significant sex and age differences in the levels
of the studied ED marker were not revealed. Correlations between the ET-1 level and clinical
scores assessing the severity of stroke and pneumonia were very weak (Table 2).

Table 2. Correlations between the endothelial dysfunction factor and the clinical
course in pneumonia (r)

Factors ET-1
Age 0.206
Glasgow coma scale scores -0.105
Scandinavian scale scores 0.024
Fine scale scores -0.029

This study showed that the level of ET-1 in the blood of patients with pneumonia is one
of the most important indicators of endothelial dysfunction, as well as one of the independent
factors for the prognosis of the course of the disease in these patients. The deterioration of the
clinical picture of the disease is accompanied by a multiple increase in the level of ET-1.
Considering the above, we can conclude about the prognostic value of determining the level of
ET-1. The correlation of the ET-1 level with the presence of IS is consistent with the data of
other authors on the relationship of this marker of ED with cardiovascular diseases [2, 14, 15].

Thus, the study of ED indicators indicating signs of inflammation is justified and
necessary, since it contributes to the early detection and prediction of such a serious and socially
significant disease as pneumonia.

Conclusions:

1. Patients with stroke have an increased risk of developing pneumonia due to the
frequent development of dysphagia, the presence of aspiration, forced horizontal position,
respiratory disorders. However, the diagnosis of pneumonia in this group of patients is difficult
due to the frequent absence of signs of the disease in the early stages, which requires a
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comprehensive assessment of clinical, laboratory and radiological data, early detection of
predictors of development. At the same time, at the beginning of the development of pneumonia
in this group of patients, fever, leukocytosis, auscultative data may indicate, which requires a
timely start of adequate antibacterial therapy.

2. The course of pneumonia in patients who had suffered ischemic stroke is more severe
than in patients without a history of stroke, aggravates the course of the underlying disease,
increasing mortality, and in some cases, pneumonia is the direct cause of death of patients.

3. With pneumonia, there is a regular increase in the level of endothelin-1 in the blood
serum, which indicates the development of inflammation and dysfunction of the endothelium, as
well as a violation of hemodynamics in the small circle of blood circulation. Pronounced and
long-term violations of the production of this marker depend on the severity of pneumonia, the
presence and severity of ischemic stroke, complications and concomitant diseases.

4. Endothelin-1 levels can be used as a criterion for assessing the severity of the disease,
prognosis, the possibility of a prolonged course, the addition of complications and the
completeness of recovery.
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