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Abstract  The article presents the results of an analysis of the relationship between biochemical and immunological 

blood parameters in 110 pregnant women with mitral stenosis. The level of inflammation, renal function, hemostatic 

system, and cytokine content were evaluated. Statistically significant correlations were found between increased levels of 

C-reactive protein, D-dimer, and fibrinogen and concentrations of proinflammatory cytokines IL-8 and TNF-α. The data 

obtained allow us to consider these parameters as potential markers of the risk of complicated pregnancy in this group of 

patients.  
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1. Introduction 

Mitral stenosis (MS) is one of the most common acquired 

heart defects in women of reproductive age, mainly of 

rheumatic origin. During pregnancy, when the cardiovascular 

system undergoes significant physiological changes (an 

increase in the volume of circulating blood, heart rate,  

BCC, MOC), even compensated mitral stenosis can cause 

decompensation of cardiac activity [4,9]. 

Early detection of signs of impaired heart adaptation in 

pregnant women with mitral stenosis can significantly 

improve the prognosis due to timely correction of therapy 

and determination of labor management tactics [7,11]. 

Cardiohemodynamic changes during pregnancy 

From the beginning of the first trimester, physiological 

changes are observed aimed at providing increased metabolic 

needs of the mother and fetus. Plasma volume increases   

by 40-50%, heart rate increases by 10-15 beats / min, and 

cardiac output increases. In women with MS, compensatory 

mechanisms are limited, which predisposes to the development 

of congestive heart failure, especially in the II-III trimesters 

[1,6,10]. 

Diagnostic approaches and markers of cardiac adaptation 

Traditional methods for assessing cardiac function 

include echocardiography (chamber size, ejection fraction, 
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pulmonary artery pressure), ECG, and clinical follow-up. 

However, they often detect changes already at the stage of 

functional disorders. In recent years, attention has been paid 

to cytokines-markers of systemic inflammation and cardiac 

stress [2,3]. 

Cytokine biomarkers: role and prospects 

TNF-α is a key pro-inflammatory cytokine that causes 

endothelial dysfunction and myocardial remodeling. 

IL-8 is a chemokine involved in neutrophil activation and 

vascular endothelial damage. 

IL-2-reflects T-cell activity and immune stress. 

IL-10 is an anti-inflammatory cytokine important for 

limiting the cytotoxic effects of inflammation. 

Several studies have shown that an increase in TNF-α 

and IL-8 with a decrease in IL-10 in pregnant women with 

MS correlates with a deterioration in hemodynamics, an 

increase in pulmonary artery pressure, and an increase in 

the size of the left atrium [5,8,12]. 

Purpose of the study. to study the relationship between 

biochemical and immunological blood parameters in pregnant 

women with mitral stenosis in order to identify possible 

predictors of a complicated gestational process. 

2. Materials and Methods of Research 

In accordance with the goals and objectives of the work, 

110 pregnant women were examined. The research program 

will be implemented jointly with the Department of Obstetrics 

and Gynecology No. 2 of the Bukhara State Medical Institute 
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on the basis of the Bukhara Perinatal Center, Bukhara City 

Maternity Complex. The median age was 28.4±4.7 years. 

Traditional laboratory clinical and biochemical diagnostic 

methods are performed - a general blood test, rheumatic test, 

CRP, determination of creatinine and urea in the blood,   

OR and hemostasis parameters-fibrinogen, PTI, D-dimer, 

INR and APVT. Immunological studies - IL-8, IL-2, IL-10, 

TNF-a. Functional studies included ultrasound and Doppler 

imaging to determine maternal hemodynamics, local blood 

flow in the uterine, umbilical and medial arteries of the fetus, 

and ECHO-cardiography parameters. 

In-depth studies were conducted in 110 pregnant women.  

Group I consisted of 40 healthy pregnant women with 

physiological pregnancy, group II consisted of 35 pregnant 

women with mitral foramen stenosis in the late period of 

pregnancy, group III consisted of 35 women in whom this 

pathology is detected in the early stages of pregnancy, the 

risk is assessed, timely therapeutic antirheumatic and 

cardiotonic drug therapy is used. 

To study the main indicators of biochemical studies, blood 

serum samples were taken from patients, and the functional 

activity of the heart and placenta was determined using 

ultrasound and Doppler research methods. 

Optimal threshold values of biomarkers associated with 

the risk of adaptation disorders are: 

 TNF-α > 10 pg / ml 

 IL-8 > 30 pg / ml 

 IL-10 < 12 pg / ml 

 IL-2 > 18 pg / ml 

3. Results 

A correlation was found between the level of TNF-α and 

the degree of left atrial hypertrophy (r=0.72, p<0.001). 

These studies demonstrate the possibility of using the 

cytokine profile as a predictor of early disruption of the 

adaptive mechanisms of the myocardium in pregnancy 

complicated by mitral stenosis. An increase in pro-inflammatory 

markers and a decrease in anti-inflammatory IL-10 correlate 

with a deterioration in hemodynamic parameters and a decrease 

in the functional reserve of the heart. Timely detection of 

these changes in the first trimester in women at risk allows us 

to apply targeted therapy and improve the prognosis. 

Analysis of biochemical parameters revealed that more 

than half of the patients had elevated levels of C-reactive 

protein (CRP), which indicates the presence of a systemic 

inflammatory process. In particular, the average CRP value 

was 9.8 mg / L, which is almost twice the upper limit of 

normal. Creatinine and urea levels generally remained within 

the normal range, but some patients showed an increase in 

them, which may indicate an increasing functional stress of 

the kidneys (Table 2). 

The level of inflammation, renal function, hemostatic 

system, and cytokine content were evaluated. Statistically 

significant correlations were found between increased  

levels of C-reactive protein, D-dimer, and fibrinogen and 

concentrations of proinflammatory cytokines IL-8 and TNF-α. 

The data obtained allow us to consider these parameters as 

potential markers of the risk of complicated pregnancy in 

this group of patients (Table 3). 

 

 

Table 1.  Average values of cytokines in blood serum in pregnant women of various groups (pg/ml) 

Cytokine Group I (healthy) Group II (MS, late diagnosis) Group III (MS, early diagnosis and treatment) 

TNF-α 5.6 ± 1.2 13.2 ± 1.8 (p<0.01) 8.9 ± 1.5 (p<0.05 compared to Group II) 

IL-8 18.3 ± 3.2 38.5 ± 4.1 (p<0.01) 25.7 ± 3.9 (p<0.05) 

IL-10 16.5 ± 2.1 9.2 ± 1.6 (p<0.01) 14.8 ± 1.7 (≈ normal) 

Table 2.  Biochemical blood parameters in pregnant women with MS 

Indicator The Norm indicator is the average St value. deviation Increased (%) Downgraded (%) 

CRP (mg / l) up to 5 9.8 3.1 55.5% 0% 

Creatinine  

(mmol/l) 
44-80 76.1 8.2 14.5% 1.8% 

Urea (mmol/l) 2,5–6,4 5,2 1,1 7,3% 2,7% 

Table 3.  Optimal threshold values for biomarkers of the risk of impaired myocardial adaptive capacity 

Biomarker Threshold value Interpretation 

TNF-α interpretation > 10 pg / ml High risk of inflammatory myocardial 

damage IL-8 > 30 pg / ml Neutrophil response activation, risk of pulmonary hypertension 

IL-10 < 12 pg / ml Decreased anti-inflammatory protection 

IL-2 > 18 pg / ml Increased T-cell activation, immunostress 
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The immunological profile of the patients also showed 

marked changes. 77.3% of women had elevated levels of 

IL-8 — a key pro-inflammatory cytokine, and 64.5% had 

elevated levels of TNF-α. These indicators indicated 

activation of the innate immune response. At the same time, 

more than half of the examined patients had a reduced   

level of IL-10, the main anti — inflammatory cytokine, 

which indicates an imbalance between pro-inflammatory and 

regulatory mechanisms of the immune response. An increase 

in IL-2 in a third of patients may also indicate an increase in 

T-cell activity. 

Table 4.  Hemostasis indicators 

Indicator Norm 
Average 

value 

Increased 

(%) 

Reduced 

(%) 

Fibrinogen (g/l) 2-4 4.9 67.3% 0% 

D-dimer (ng / ml) <500 980 88,2% 0% 

Significant deviations were recorded in the hemostatic 

system parameters: fibrinogen was elevated in 67.3% of 

women, and D-dimer-in 88.2%, while its average level   

was 980 ng / ml, which is more than twice the norm. This 

confirms the presence of a pronounced hypercoagulable state, 

characteristic of pregnant women with concomitant cardiac 

pathology. 

Table 5.  Correlations between biochemical and immunological 
parameters 

Indicators Correlation coefficient (r) Significance (p) 

CRP-IL-8 +0.62 <0.001 

CRP-TNF-α +0.59 <0.001 

D-dimer-IL-8 +0.54 <0.001 

Fibrinogen-IL-8 +0.47 <0.01 

IL-10-CRP -0.41 <0.05 

Correlation analysis showed significant correlations 

between biochemical and immunological markers. The level 

of CRP positively correlated with IL-8 (r = +0.62, p < 0.001) 

and TNF-α (r = +0.59, p < 0.001), which confirms the active 

participation of pro-inflammatory cytokines in the systemic 

inflammatory response. The D-dimer also showed a statistically 

significant positive association with IL-8 (r = +0.54, p < 0.001), 

and fibrinogen — with the same marker (r = +0.47, p < 0.01), 

which indicates a pathophysiological relationship between 

inflammation and the coagulation cascade. An inverse correlation 

between IL-10 and CRP (r = -0.41, p < 0.05) indicates a lack 

of compensatory anti-inflammatory response in a significant 

proportion of patients. 

4. Conclusions 

Thus, the revealed changes and established relationships 

between the indicators emphasize the importance of a 

comprehensive assessment of both biochemical and 

immunological parameters in monitoring the condition of 

pregnant women with mitral stenosis. The use of prognostic 

cytokine biomarkers-IL-2, IL-8, IL-10, and TNF-α-makes it 

possible to assess the risk of impaired myocardial adaptation 

in pregnant women with mitral stenosis already in the first 

trimester of pregnancy. Their use in dynamics, along with 

instrumental methods, makes it possible to prescribe timely 

pathogenetically sound therapy, increase the safety of 

pregnancy and minimize the development of complications 

for both the mother and the fetus. 
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