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INTRODUCTION
Mammography (MG), ultrasound (US), and magnet-
ic resonance imaging (MRI) constitute the primary 
methods for detecting breast cancer (BC) [1]. While 
MG and US are widely utilized imaging modalities 
in Ukraine, they may yield inconclusive results in 
certain cases, necessitating further examination [2]. 
Contrast-enhanced (CE) breast MRI, owing to its high 
sensitivity, serves as a valuable problem-solving tool 
in diagnostically challenging scenarios where conven-
tional imaging falls short [2-6]. Furthermore, CE breast 
MRI complements MG screening for women at high 
risk of breast cancer [7-10].

Apart from its role as a problem-solving and high-
risk screening tool, primary indications for breast MRI 
include preoperative staging of newly diagnosed BC 
(for excluding additional ipsilateral and contralateral 
cancer), assessing the effects of neoadjuvant che-
motherapy, evaluating breast implants, investigating 
cancer of unknown primary localization, examining 
suspicious nipple discharge, and screening following 
breast-conserving surgery [11, 12].

AIM
Our study aimed to evaluate the initial outcomes of 
implementing 3T CE breast MRI in Ukraine.

MATERIALS AND METHODS
Our study encompassed 498 diagnostic breast MRIs 
conducted at Neuromed Medical Center in Kyiv from 
March 2020 to December 2022. Adhering to the prin-
ciples of the Helsinki Declaration, this retrospective 
study posed no risks to patient safety or privacy. All 
examinations were conducted subsequent to patients’ 
informed consent. To reduce background parenchymal 
enhancement (BPE), contrast-enhanced (CE) breast 
MRIs were specifically scheduled during the second 
week of the menstrual cycle for premenopausal women.

Patients assumed a prone position, with their breasts 
positioned in a dedicated 7-channel bilateral breast coil. 
MR images were acquired using a PHILIPS Achieva 3.0Tesla 
x-series scanner, employing standard protocol for localizer, 
morphological, and dynamic studies. Prior to scanning, 
a venous catheter was inserted into the patient’s cubital 
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ABSTRACT
Aim: To assess the initial results of using 3 Tesla contrast-enhanced breast magnetic resonance imaging in Ukraine.
Materials and Methods: Our study included 498 diagnostic breast magnetic resonance imaging performed in Neuromed medical center in Kyiv, between March 
2020 and December 2022. Patients were positioned prone, with breasts suspended in a dedicated 7-channel bilateral breast coil. MR-images were acquired 
with the PHILIPS Achieva 3.0Tesla x-series scanner. All studies were made by standard protocol: localizer, morphological and dynamic studies were performed.
Results: Our study revealed a statistically significant increase in problem-solving contrast-enhanced breast magnetic resonance examinations compared to 
other indications. Additionally, we observed a higher incidence of women with a greater amount of fibroglandular tissue (p-value<0.05).
Conclusions: The utilization of 3Tesla contrast-enhanced breast magnetic resonance imaging has become prevalent in Ukraine as a problem-solving tool for 
inconclusive findings in ultrasound (US) or/and mammography (MG). It is particularly useful in preoperative local breast cancer staging for women with a 
significant amount of fibroglandular breast tissue. However, the implementation of breast magnetic resonance imaging in Ukraine is in its nascent stages and 
requires further investigation, especially in middle-income country settings.
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vein for the administration of the contrast agent (Gadovist) 
during dynamic CE. The contrast agent was injected as a 
bolus at a rate of 3 ml/s, followed by a 15ml saline flush 
via an automated MEDRAD injection system.

After conducting a localizer scan, we performed the 
following sequences:

- A morphological axial T2-weighted sequence with a slice 
thickness of 2mm and an acquisition time of 4.50 minutes. 
Parameters included a field of view (FOV) of 337x210mm, 
a repetition time (TR) of 4405 ms, an echo time (TE) of 120, 
a flip angle (FA) of 90, and a scan matrix (SM) of 264x285.

- An axial short-tau inversion recovery (STIR) sequence 
with a slice thickness of 4mm and an acquisition time 
of 3.55 minutes. Parameters comprised an FOV of 
337x210mm, a TR of 11024 ms, a TE of 60, an FA of 120, 
and an inversion time (TI) of 230 ms.

- Coronal T2-weighted images with a slice thickness 
of 2.5mm and an acquisition time of 4.25 minutes. Pa-
rameters involved an FOV of 300x303mm, a TR of 4405 
ms, a TE of 120, an FA of 90, and an SM of 376x285.

- Sagittal right and left T2-weighted images with 
a slice thickness of 3mm and an acquisition time of 
3.10 minutes each. Parameters included an FOV of 
240x240mm, a TR of 4757 ms, a TE of 120, an FA of 90, 
and an SM of 300x227.

The dynamic imaging utilized 3D T1-weighted 
low-angle shot [T1 High Resolution Isotropic Volume 
Excitation (THRIVE)] with the following parameters: TR/
TE 3.8 /2.0 ms, flip angle 12, acceleration factor SENSE 
3; matrix, 336х342 (reconstruction – 640x640); field of 
view, 330mm x 330mm; slice thickness, 1mm; and voxel 
size, 0.5 х 0.5 х 0.1mm. Depending on the breast volume 
and field of view, we obtained temporal acquisitions 
lasting less than 1 minute. 

Following 1 series of pre-contrast THRIEVE and 6 series 
of THRIVE dynamic scanning lasting 4.08 minutes, we 
conducted a delayed high-resolution THRIVE with a 
slice thickness of 4.0mm and an acquisition time of 2.38 
minutes. The default overall scanning time was 28.49 
minutes; however, for larger breasts, the scan duration 
could extend up to 10 minutes longer (Fig 1).

Post-processing of the acquired images included 
subtraction series, MIP reconstruction, and construction 
of dynamic curves based on the Kuhl classification. 
These post-processed images were analyzed utilizing 
the Extended MR Workspace R3.2.3 workstation [13]. 
Lesions were categorized based on the pattern of the 
time-signal intensity curve and morphological ap-
pearance utilizing the Atlas BI-RADS fifth edition [1]. 
Data analysis was performed using Microsoft® Excel® 

Table 1. Assessment of Contrast-Enhanced Breast Magnetic Resonance Findings According to BI-RADS Fifth Edition
Mass Non-mass enhancement Focus Total, № 487

BI-RADS-1 0
(0,0%)

0
(0,0%)

0
(0,0%)

48
(9,9%)

BI-RADS-2 246 (50,5%) 18
(3,7%)

0
(0,0%)

264
(54,2%)

BI-RADS-3 21
(4,3%)

36
(7,4%)

8
(1,6%)

65
(13,3%)

BI-RADS-4 47 (9,7%) 28
(5,7%)

0
(0,0%)

75
(15,4%)

BI-RADS-5 17
(3,5%)

3
(0,6%)

0
(0,0%)

20
(4,1%)

BI-RADS-6 11
(2,3%)

4
(0,8%)

0
(0,0%)

15
(3,1%)

Fig. 1. Contrast-Enhanced Breast MRI Protocol. The scanning sequence started with Localizer and morphological sequences, followed by 6 series of 
THRIVE dynamic scanning, concluding with a delayed high-resolution THRIVE series. The default overall scanning duration was 28.49 minutes; however, 
for larger breasts, the scanning duration could extend by up to 10 minutes. 



Initial experience with 3T breast MRI in Ukraine

1527

LTSC MSO, and correlations between the groups were 
assessed using the χ2 test.

RESULTS
Our study included data from 498 breast MRI examina-
tions, consisting of 487 (97.8%) with contrast enhance-
ment (CE) and 11 (2.2%) without CE, solely for assessing 
breast implants. The mean age of patients was 42.3 years 
(ranging from 19 to 78 years). CE breast MRIs were cate-
gorized into six BI-RADS (Breast Imaging Reporting and 
Data System) categories and eight examination indication 
categories [1, 11, 12]. Among these, biopsy-proven breast 
cancer (BI-RADS-6) accounted for 15 (3.0%) examinations, 
while those showing high suspicion for malignancy (BI-
RADS-5) were 20 (4.0%). Cases indicating suspicion for 
malignancy (BI-RADS-4) totaled 75 (15.1%), probably 
benign findings (BI-RADS-3) were observed in 65 (13.1%) 
patients, benign findings (BI-RADS-2) in 264 (53.0%) ex-
aminations, and no pathological changes (BI-RADS-1) in 
48 (9.6%) examinations. As mentioned earlier, 11 (2.2%) 
examinations focused solely on implant evaluation, thus 
BI-RADS assessment was not performed (Table 1).

The identified findings were categorized into three main 
groups: mass, non-mass enhancement (NME), and focus. 

The majority of CE breast MRIs exhibited solid and cystic 
masses (246; 50.5%), predominantly displaying benign 
characteristics and categorized as BI-RADS-2. However, 
those with suspicious morphology or kinetic curve were 
classified as suspicious for malignancy (BI-RADS-4; 47 
cases) or highly suspicious with suspicions morphology 
and kinetic curve (BI-RADS-5; 17 cases). Additionally, 11 
cases were histologically confirmed as breast cancer and 
were classified as BI-RADS-6 (Fig. 2). Solitary breast masses 
displaying benign morphology but with type II kinetic 
curve (plateau) in patients with a family history of breast 
cancer were categorized as BI-RADS-3 (21 cases) (Table 1).

We classified non-mass enhancement (NME) based 
on pattern and distribution within the breast paren-
chyma. Linear and segmental NME distributions with 
heterogeneous, clumped, or clustered ring internal 
enhancements were categorized as suspicious (BI-
RADS-4 or BI-RADS-5) (Fig. 3). Focal NME without 
corresponding findings on other modalities or breast 
clinical examinations were considered probably benign, 
with recommendations for a follow-up CE breast MRI 
in 6 months. Multiple regions and diffuse distributions 
with homogeneous internal enhancements were cat-
egorized as benign NME (Table 1).

Fig. 2. A female patient diagnosed with histologically confirmed invasive breast carcinoma G1 (NST) who underwent diagnostic contrast-enhanced 
breast MRI to evaluate the local extent of the disease. The diagnostic MRI reveals a noncircumscribed, spiculated mass with washout and heterogeneous 
internal enhancement situated in the upper-inner quadrant of the left breast. The images include an axial short-tau inversion recovery image (A), axial 
T-2 image (B), coronal T-2 image (C), sagittal T-2 image (D), axial contrast-enhanced T-1fs THRIVE image (E), and axial T-1fs delayed high-resolution 
THRIVE image (F). The malignant mass is consistently marked with a red arrow across all images.
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Solitary focuses (<5 mm) without corresponding 
findings in morphological sequences and type II (pla-
teau) and III (washout) kinetic curves were assessed as 
BI-RADS-3, with recommendations for a short interval 
(6 months) follow-up examination. Multiple bilateral 
focuses were categorized as background parenchymal 
enhancement (BPE) with BI-RADS-1 (Table 1).

All examinations adhered to structured reporting in 
accordance with BI-RADS Atlas recommendations. This 
involved comprehensive documentation encompass-
ing the indication for examination, details of the MRI 
technique, a concise depiction of overall breast com-
position including the extent of fibroglandular tissue 
(FGT) and background parenchymal enhancement 
(BPE), a thorough description of important findings, 
a comparative analysis with previous examinations, 
and a comprehensive assessment guiding subsequent 
management decisions [1]. 

In most cases, the amount of fibroglandular tissue 
(FGT) on T1W fat-saturated images was heterogeneous 
(278; 57.2%) (Fig. 4), and the level of background paren-
chymal enhancement (BPE) was predominantly mild (Fig. 
5). A statistically significant number of CE breast MRIs 
were performed for women with heterogeneous and ex-
treme FGT compared to women with almost entirely fat 

breasts and scattered FGT (p-value <0.05). Additionally, a 
significant proportion of BPE was observed to be minimal 
and mild in comparison with moderate and marked BPE, 
indicative of the appropriate timing of the study (second 
week of the menstrual cycle) (p-value <0.05).

The most common indication for CE breast MRI was 
problem-solving (352; 70.8%) for inconclusive findings 
on breast ultrasound or mammography, followed by 
preoperative breast MRI (68; 13.7%) for local breast 
cancer staging. The least number of breast MRIs were 
performed for detecting cancer of unknown primary 
localization (8; 1.6%) and non-contrast studies for breast 
implant evaluation only (11; 2.2%) (Table 2). A statisti-
cally significant higher number of problem-solving CE 
breast MRIs were noted compared to all other indica-
tions for examination (p-value <0.05).

DISCUSSION
The introduction of 3T CE breast MRI in Ukrainian breast 
imaging represents a novel diagnostic approach. No-
tably, we didn’t discover any prior publications from 
Ukraine documenting the utilization of such technol-
ogy in breast imaging. Given that breast MRI stands as 
the most sensitive diagnostic tool for detecting breast 

Fig. 3. A female patient presenting with bloody nipple discharge from the left breast underwent diagnostic contrast-enhanced breast MRI. The diag-
nostic MRI revealed suspicious heterogeneous segmental non-mass enhancement with a plateau dynamic curve in the upper-outer quadrant of the left 
breast. Subsequent core-needle biopsy under ultrasound guidance confirmed ductal carcinoma in situ. The imaging series comprised an axial short-tau 
inversion recovery image (A), axial T-2 image (B), coronal T-2 image (C), sagittal T-2 image (D), axial contrast-enhanced T-1fs THRIVE image (E), and axial 
T-1fs delayed high-resolution THRIVE image (F). The segmental non-mass enhancement was consistently demarcated with a red oval across all images.
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results are inconclusive [19-21]. Subsequently, the sec-
ond most frequent indication was preoperative BC local 
staging. This finding resonates with studies indicating 
that preoperative breast MRI can identify additional 
disease in the ipsilateral breast in 20.0% of cases and 
in the contralateral breast in 5.5%, potentially reducing 

cancer, we embarked on analyzing our initial experience 
employing this imaging modality [14-18].

Our study unveiled that the primary indication for CE 
breast MRI was problem-solving, aligning with existing 
research demonstrating the efficacy of breast MRI in ex-
cluding malignancy when conventional breast imaging 

Fig. 4. Amount of fibroglandular tissue in patients which underwent contrast-enhanced breast magnetic resonance imaging according to BI-RADS fifth edition. 

Fig. 5. Level of background enhancement of fibroglandular breast parenchyma in patients which underwent contrast-enhanced breast MRI according 
to BI-RADS fifth edition.
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extended to detecting cancer of unknown primary 
localization, screening post-breast-conserving surgery, 
monitoring neoadjuvant chemotherapy effectiveness, 
evaluating patients with nipple discharge following 
conventional imaging, and conducting non-contrast 
studies for implant evaluation [31-35]. Notably, both 3T 
and 1.5T breast MRI systems exhibit comparable high 
diagnostic performance for breast cancer detection, 
with sensitivity and specificity values reflecting similar 
trends between the two systems [36].

However, a notable limitation in our setting, both at the 
national level and within our medical center, pertained 
to the unavailability of technical resources and requisite 
software for MR-guided biopsies. Furthermore, our study’s 
limitations included its retrospective, single-institution 
design, interpretation of images by a single radiologist, 
and the absence of ongoing patient monitoring, although 
this was not the study’s intended focus.

CONCLUSIONS
In summary, we can conclude that 3T CE breast MRI is 
widely used in Ukraine as a problem-solving tool for 
inconclusive findings in ultrasound or mammography, 
followed by preoperative local BC staging in women 
with a significant amount of fibroglandular breast tissue.

reoperation rates by 3.0% while possibly increasing 
mastectomy rates by 11.0% [22-23].

Presently, MRI assumes a critical role in breast cancer 
screening among high-risk women, as well as mammogra-
phy [24-26]. Despite the absence of a National BC screening 
program in Ukraine, conventional breast imaging methods, 
as previously mentioned in our studies, are widely utilized 
[27-30]. Consequently, one of the indications for CE breast 
MRI in our study involved high-risk screening for patients 
with BRCA1/2 mutations or a lifetime risk of BC develop-
ment exceeding 20% based on genetic predisposition or 
family history, accounting for 2.4% of all our examinations.

Consistent with prior research and international 
recommendations, our utilization of CE breast MRI 

Table 2. Indications for Breast MR Examinations in Our Study
Indications for breast MRI, № 487 (100%)

Problem-solving 352 (70,8%)

Preoperative 68 (13,7%)

Screening after breast conserving surgery 17 (3,4%)

Monitoring of neoadjuvant chemotherapy 16 (3,2%)

Evaluation of nipple discharge 14 (2,8%)

High-risk screening 12 (2,4%)

Implant evaluation (non-contrast) 11 (2,2%)

Cancer of unknown primary localization 8 (1,6%)
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INTRODUCTION
According to the National Cancer Registry, the incidence 
of oropharyngeal carcinoma in Ukraine is 6.5 per 100 
thousand population. At the time of diagnosis, more 
than 75.0% of patients have stage III-IV, and mortality up 
to one year is 40.1% [1]. In recent decades, approaches 
to combination therapy of patients with squamous 
cell carcinoma in most sites of the head and neck have 
changed significantly. Non-surgical organ-preserving 
approaches with the use of  neoadjuvant chemotherapy 
and subsequent radiation therapy have demonstrated 
effectiveness and are widely used in the treatment 
of patients with squamous cell carcinoma of the oral 
pharynx [2].

The task of this work was to conduct neoadjuvant 
chemotherapy for patients with oropharyngeal cancer 
at the first stage and to determine its effectiveness in 
different localizations of the tumor in the pharynx and 
depending on the association with the papilloma virus.

 We present the results of such treatment in our study.

AIM
Aim of the work is to analyze effectiveness of treat-
ment of patients with malignant neoplasms of the oral 
pharynx to improve scientifically substantiated medical 
technology of treatment.

MATERIALS AND METHODS
The prospective study included 276 treatment-naïve 
patients with malignant neoplasms of the oral pharynx, 
who were treated in the Department of Oncopathology 
of the ENT organs of the State Institution «Institute of 
Otolaryngology named after prof. O.S. Kolomiychenko of 
National Academy of Medical Sciences of Ukraine « in 2008-
2021. The study included 219 (79.3%) men and 57 (20.7%) 
women. The age of patients ranged from 26 to 83 years, the 
mean age was 55.65 years with a 95% confidence interval 
(CI) 54.46 - 56.84 years. In all cases, the diagnosis was verified 
histologically. The localization, stage, TNM classification and 
other characteristics of the tumor were evaluated.
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Treatment started with three to six cycles of 
neoaduvant chemotherapy: paclitaxel 175 mg/m2 on 
the first day and carboplatin 350 mg/m2 (or cisplatin 
100 mg/m2) on the second day. Three weeks later, 
chemotherapy was repeated. With tumor regression 
by 50%, up to six courses of chemotherapy were 
carried out.After three or six cycles of chemotherapy,  
radiation therapy in a total focal dose (TFD) of 65 Gy was 
prescribed. It was performed in all patients regardless 
of tumor regression after chemotherapy. The outcome 
of treatment was assessed by the degree of tumor 
regression according to the RECIST criteria one month 
after combination treatment on the basis of contrast-
enhanced CT studies, therapeutic pathomorphosis data 
and clinical examination of the patient. Subsequently, 
appropriate treatment was prescribed for residual 
tumor and existing regional metastases or progression. 
Statistical processing was performed using STATISTICA 
6.1 software (StatSoftInc. ROC analysis was performed 
in the software package MedCalc Statistical Software 
trial version 20.015 (MedCalc Software bvba, Ostend, 
Belgium; https://www.medcalc.org; 2021). Relative 
values were calculated with a 95% confidence interval 
(95% CI) by the Wald normal approximation method. 
The comparison of relative values ​​was performed 
according to the Pearson Chi-square (χ2) criterion 
(including the Yates correction for continuity for low 
frequencies) [3-5]. To assess the relationships of ordinal 
and numerical variables, a rank correlation analysis was 
performed with the calculation of Spearman correlation 
coefficients (rs), the association was evaluated by 
the criterion phi-square (φ). ROC-analysis (Receiver 
Operating Characteristic) was performed with the 
calculation of standard operating characteristics: 
sensitivity, specificity and area under the ROC-curve 
(area under ROC curve - AUC) with 95% CI [6, 7]. 
The analysis of patient survival was performed by 
constructing mortality tables and the Kaplan-Meier 
method. Differences in the survival of different groups 
were determined by the log-rank criterion (log-rank 
test - logarithmic rank test). Comparison of survival 
rates in more than 2 groups was performed according 
to Chi-square statistics on the basis of a generalized 
logarithmically ranked test [8-10] . To analyze the 
influence of the studied factors on survival rate, we 
used a regression model of proportional risks (Cox 
proportional-hazards regression) with the calculation of 
the hazard ratio (HR hazard ratio) [9,11-13] . The critical 
value of the level of statistical significance (p) for all 
types of analysis was taken as <5% (p <0.05).

The study included measures to ensure the safety 
and health of patients, respect for their rights, human 
dignity and moral and ethical standards in accordance 

with the principles of the Helsinki Convention on 
Human Rights, set out in the document «Bioethics of the 
Helsinki Declaration on the Moral Regulation of Medical 
Research». Council of Europe Convention on Human 
Rights and Biomedicine and relevant laws of Ukraine.

RESULTS
Microscopic examination of tumors showed a significant 
predominance of squamous cell carcinoma. Thus, 250 
(90.6%) patients were histologically diagnosed with 
squamous cell carcinoma (SCC): keratinized in 118 
(42.8%) patients and non-keratinized in 132 (47.8%) 
patients; in 17 (6.2%) patients - low-grade cancer and 
in 5 patients (1.8%) - transitional cell carcinoma, in the 
rest (4 patients - 1.4%) - other forms. (Fig. 1). Most often 
the tumors were localized in the palatine tonsil - 202 
(73.2%) patients, on the lateral and posterior walls of the 
oropharynx - in 38 (13.8%) patients, on the vallecular 
sinus and on the lingual surface of the epiglottis - in 28 
(10.1%) patients, on the soft palate – in 8 (2.9%) patients. 
(Fig. 2). According to the classification of the ICD of the 
10th revision, the diagnoses of patients according to 
localization were represented by the codes C05.1-soft 
palate, C09.9-palatine tonsil, C10.0-vallecular sinus and 
C10.2-lateral wall of the oropharynx. Stage II was in 16 
patients (5.8%), stage III - in 139 patients (50.4%) and 
stage IV - in 121 patients (43.8%). In 248 patients (89.9%) 
regional metastases to the lymph nodes of the neck 
were found, of which 71 (28.6%) patients had bilateral 
metastases. The most commonly lesions of IIA, IIB and 
III levels of lymph nodes of the neck according to the 
classification of K. Robbins were diagnosed.

The distribution of the examined patients with 
malignant neoplasms of the oral pharynx by stage 
of the disease and TNM classification is presented in 
(Table 1).

By the estimates, according to the International 
TNM classification, patients with a prevalence of T3 
tumor prevailed - 180 patients (65.2%), stage T2 was 
determined in 77 patients (27.9%), stage T4 - in 19 
(6.9%) ); N0 was determined in 30 patients (10.9%), N1 
- in 126 (45.65%), N2 - in 119 (43.1%) and N3 - in one 
patient (0.35) %). All subjects had no signs of distant 
metastases (M0). The most common characteristics 
of the tumor process (Fig. 3) were T3N1M0 - 83 (30.1%) 
and T3N2M0  - 66 (23.9%), which were observed mainly 
in patients with stage III of the disease. T2N0M0 was 
revealed with insignificant frequency - in 9 patients 
(3.3%), T4N2M0 - 5 (1.8%), T3N3M0 - 1 (0.4%), T4N0M0 - 1 (0.4%).

After completion of chemotherapy and radiation 
therapy in patients with malignant neoplasms of the 
oral pharynx, none of the subjects showed tumor 
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progression, 102 (37%) showed complete tumor 
regression, 151 (54.7%) - partial regression and 23 (8.3%) 
- stabilization of the disease(Table 2). 

The largest proportion of patients with complete 
tumor regression was determined in patients with 
stage II - 12 (75.0%), which was statistically significantly 
higher (p <0.001) compared to patients with stage III 
and IV (46.0% and 21.5% respectively). Between the 
results of combination therapy and the stage of the 
disease, a significant rank correlation was determined 
(Spearman’s correlation coefficient rs = 0.29; p <0.001), 
and it was also influenced by the correlation analysis, 
morphological characteristics of the tumor (rs = 0.14; p = 
0.024), keratinization of the tumor (rs = 0.16; p = 0.006), T 
stage (rs = 0.41; p <0.001) and N stage (rs = 0.241; p <0.001). 

Of the total number of subjects, 18 patients (6.5%) 
underwent appropriate surgery. Of those operated 
on, 4 (22.22%) patients underwent laryngectomy, 13 
(72.22%) - cervical dissection, and  1 patient underwent 
both surgeries.

Almost a quarter of patients - 64 (23.2%) underwent 
immunohistochemical (IHC) study of p16INK4 gene 
expression. When evaluating the immunohistochemical 
analysis with the tumor suppressor p16INK4, a negative 
reaction was found in 27 (42.2%) patients, while in 
37 patients (57.8%) the presence of a mixed (nuclear-
cytoplasmic) reaction of individual cells with the 
marker was determined. A significant associative and 
rank correlation (rs = 0.33; p = 0.007) was determined 
between the reaction with the biomarker p16INK4 and the 
direct results of the combined treatment, which is due 
to the presence of tumor suppressor p16INK4 in patients 
with complete and partial regression of the tumor and 
its absence in patients. with stabilization. In compete 
regression the proportion of patients with the present 
reaction with the tumor suppressor p16INK4 makes up 
75,9% whereas in partial - 42,9% (p = 0.029) (Table 3).

The chances of achieving complete tumor regression 
increase by 4.2 times in the presence of a reaction with 
the tumor suppressior p16INK4 compared to its absence 

Fig. 1. Distribution of the exam-
ined patients by morphological 
characteristic of the tumor (in % 
per 100 of the examined). 

Fig. 2.  Distribution of the exam-
ined patients by localization of 
the tumor  (in % per 100 of the 
examined).
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(the odds ratio (OR) = 4.2; 95% CI (1.3 - 12.3); p = 0.010). 
Regarding the informativeness of the biomarker for 
predicting tumor regression, according to ROC-analysis, 
which shows the dependence of the number of correctly 
classified results (true positive) on the number of 
incorrectly classified results (false negative), no convincing 
evidence of discriminant ability of p16INK4 was obtained, it is 
defined as medium. Operational characteristics according 
to ROC analysis: sensitivity - Se = 75.86%; specificity Sp = 
57.14%, area under the ROC curve - AUC = 0.665 and 95% 
CI (0.536 - 0.778); p = 0.005 (Fig. 4).

The area under the ROC curve for the prognostic 
ability of complete tumor regression reached a 
statistically significant level (p = 0.005), but is not of 
sufficient clinical significance, because AUC <0.700, be-
ing the prognostic characteristic of p16INK4 is considered 
average. 

It should be noted that in p16INK4 at a low level of 
specificity - Sp = 57.14%, a fairly high level of sensitivity 

- Se = 75.86% was noted, which indicates a high 
proportion of true positive results and a small number 
of false positive results. This is more appropriate for the 
initial conclusion on tumor regression.

Indicators of disease-specific (disease-dependent) 
cumulative survival rate for all examined patients with 
oropharyngeal cancer  over the study period by the 
median value were 36 months with 95% CI (35.5 - 40.2). 
The probability of living a year or more was 97.3% (95% 
CI 94.9 - 99.7); three and more years - 40.8% (95% CI 
33.7 - 47.9); five and more years - 27.0% (95% CI 20.6 - 
33.4) (Table 4, Fig. 5). 

According to the analysis of survival rate, there were 
no differences in the that of in patients divided into 
age groups (up to and over 65 years), morphological 
characteristics of the tumor, reactions with the tumor 
suppressor p16INK4 (p> 0.05). The higher level of median 
survival in women compared to men was determined 
- 34.0 months (95% CI 30.0 - 60.0) compared to 30.0 

Table 1. Distribution of the examined patients by disease stages and classification  (absolute number and %)

Stagen 
(%)

Т - tumor
n (% of patients of a certain stage)

N – regional lymph nodes
n (% of patients of a certain stage) TNM

Number of 
patients

T2 T3 T4 N0 N1 N2 N3 abs. %

ІІ
16

(5,8)

14
(87,5)

2
(12,5)

0
(0)

9
(56,25)

4
(25,0)

4
(18,75)

0
(0)

T2N0M0 9 3,3

T2N1M0 4 1,4

T2N2M0 1 0,4

T3N2M0 2 0,7

III
139

(50,4)

29
(20,9)

110
(79,1)

0
(0)

20
(14,4)

108
(77,7)

11
(7,9)

0
(0)

T2N1M0 26 9,4

T2N2M0 3 1,1

T3N0M0 20 7,2

T3N1M0 83 30,1

T3N2M0 8 2,9

IV
121

(43,8)

34
(28,1)

68
(56,2)

19
(15,7)

1
(0,8)

14
(11,6)

105
(86,8)

1
(0,8)

T2N2M0 34 12,3

T3N1M0 1 0,4

T3N2M0 66 23,9

T3N3M0 1 0,4

T4N0M0 1 0,4

T4N2M0 5 1,8

T4N1M0 13 4,7

In total 77 (27,9) 180 (65,2) 19 (6,9) 30 (10,9) 126 (45,65) 119 (43,1) 1 (0,35) 276 100

Table 2.  Short-term results of combination treatment of patients with oropharyngeal carcinoma by diseases stages (absolute number and %)

Result
ІІ stage

n=16
III stage
n=139

IV stage
n=121

In total 
n=276

abs. % abs. % abs. % abs. %

Full regression 12 75,0 64 46,0 26 21,5 102 37,0

Partial regression 4 25,0 64 46,0 83 68,6 151 54,7

Stabilization 0 0 11 8,0 12 9,9 23 8,3

Differences between groups χ2=27,69 (р<0,001)
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When comparing survival rates in different age 
groups, no statistically significant differences were 
found (p = 0.109), but there is a tendency to decrease 
with age: in patients under 65 years, three-year and 
five-year survival rates are 45.5%, respectively (95% 

months (95% CI 20.0 - 36.0)); the one-, three-, and five-
year survival rates of the women surveyed were also 
higher. Differences in survival rate of patients by gen-
der were characterized by the presence of statistically 
significant differences (p = 0.013) (Fig. 6).

Fig. 3. Distribution of the 
examined patients by TNM 
stage (in % per 100 of the 
examined).

Fig. 4. ROC curve for evalu-
ating prognostic capabilities 
of complete regression of the 
tumor by р16INK4 expression 
in the examined patients.
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Table 3. Indicators of reaction with tumor suppressor р16INK4 in the examined patients depending on results of combination treatment 

Result
Reaction with an oncosupressor р16INK4, n (%) Discrepancies and 

associations *Negative Available

Full regression (n=29) 7 (24,1) 22 (75,9) р=0,029*
φ=0,33

rs=0,33 (р=0,007)
Partial regression (n=35) 20 (57,1) 15 (42,9)

Stabilization (n=0) 0 (0) 0 (0)

All were examined for tumor markers (n=64) 27 (42,2) 37 (57,8) -

Fig. 5. Cumulative survival 
rate of the examined pa-
tients with oropharyngeal 
carcinoma (survival period in 
months).

Fig. 6. Cumulative survival 
rate of the examined patients 
with oropharyngeal carci-
noma depending on gender 
(survival period in months).
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Table 4. Indicators of two-year, three- and five-year survival rate in the examined patients with malignant oropharyngeal neoplasms after treatment

Survival by individual 
groups

Overall cumulative survival (%) Median survival

1-year-old 3-year-old 5-year-old
Mon-ths 25 %; 

75 % 95 % CI
% 95 % CI % 95 % CI % 95 % CI

Overall survival 97,3 94,9 - 99,7 40,8 33,7 - 47,9 27,0 20,6 - 33,4 36,0 24,0; n/d 35,5 - 40,2

Gender

men 96,8 94 - 99,6 36,5 28,9 - 44,1 30,9 17,3 – 32,9 30,0 24,0; 52,2 30,0 - 36,0

women 100,0 77,8 – 100,0 64,3 46,5 - 82,1 42,9 24,6 - 61,2 54,0 30,0; n/d 30,0 - 60,0

р the level of disagreement by the log-rank test 0,013

Age

up to 65 years old 96,7 93,5 - 99,9 45,5 36,6 - 54,4 31,2 22,9 - 39,5 36,0 24,0; n/d 30,0 - 42,0

65 years of age and older 89,1 81,5 - 96,7 31,8 20,3 - 43,3 9,1 -0,6 - 18,8 30,0 24,0; 42,0 24,0 - 36,0

р the level of disagreement by the log-rank test 0,109

Morphological characteristics of the tumor

keratinized squamous cell cancer 98,8 96,4 - 99,2 32,3 22,1 - 42,5 22,4 13,3 - 31,5 30,0 24,0; 47,3 30,0 - 36,0

non-keratinized squamous 
cell carcinoma 96,2 92 - 98,4 45,6 34,6 - 56,6 30,4 20,3 - 40,5 36,0 24,0; n/d 30,0 - 42,0

others 95,7 87,4 – 100,0 55,2 34,4 - 76 32,2 12,6 - 51,8 42,0 24,0; n/d 24,0 - 54,0

р the level of differences according to χ2 based on the generalized log-rank test 0,336

Diagnosis according to the international classification of diseases

С05.1 n/d n/d n/d n/d n/d n/d 24,0 18,0; 37,5 18,0 - 42,0

С09.9 98,4 96,2 - 100,0 51,4 42,6 - 60,2 33,5 25,2 - 41,8 42,0 24,5; n/d 36,0 - 48,0

С10.0 96,0 88,3 - 99,7 24,0 7,3 - 40,7 n/d n/d 30,0 18,0; 36,0 24,0 - 36,0

С10.2 93,1 83,9 - 99,3 10,3 -0,8 - 21,4 n/d n/d 24,0 24,0; 30,0 24,0 - 30,0

р the level of differences according to χ2 based on the generalized log-rank test <0,001

Stage of the disease 

ІІ 87,5 64,6 - 95,4 62,5 29,0 – 96,0 n/d n/d 42,0 30,0; n/d 0,0 - 42,0

ІІІ 98,9 96,8 – 100,0 55,7 45,4 - 66 39 28,9 - 49,1 42,0 30,0; n/d 36,0 - 60,0

IV 96,5 92,6 - 100,0 22,7 13,7 - 31,7 11,9 5,0 - 18,8 24,9 24,0; 36,0 n/d

р the level of differences according to χ2 based on the generalized log-rank test <0,001

The stage of the tumor process according to the TNM classification (tumor – T)

Т2 96,8 90,6 – 100,0 58,1 40,7 - 75,5 41,9 24,5 - 59,3 48,0 28,5; n/d 30,0 - 60,0

Т3 98,5 96,4 - 99,6 42,6 34,2 - 51 27,4 19,8 - 35 36,0 24,0; n/d 30,0 - 42,0

Т4 89,5 75,7 - 96,3 n/d n/d n/d n/d 24,0 18,0; 24,0 18,0 - 30,0

р the level of differences according to χ2 based on the generalized log-rank test <0,001

Tumor stage according to TNM (regional lymph nodes – N)

N0 95,2 86,1 – 98,0 60,5 39,1 - 81,9 n/d n/d 48,0 30,0; n/d 30,0 - 48,0

N1 96,3 92,2 - 99,4 50,6 39,7 - 61,5 37 26,5 - 47,5 42,0 24,0; n/d 30,0 - 48,0

N2-3 98,8 96,4 - 100,0 26,3 16,6 - 36 12,5 5,2 - 19,8 30,0 24,0; 42,0 24,0 - 30,0

р the level of differences according to χ2 based on the generalized log-rank test 0,009

Immediate results of combined treatment

full regression 98,1 94,5 - 99,7 87,0 78,0 – 96,0 79,6 68,9 - 90,3 56,0 n/d 18,0 – 60,0

partial regression 97,7 93,2 - 98,9 25,0 16,7 - 33,3 5,76 1,3 - 10,2 30,0 24,0; 36,0 24,0 - 48,0

stabilization 82,6 67,1 - 98,1 4,4 -4,0 - 12,7 n/d n/d 18,0 18,0; 30,0 18,0 - 48,0

р the level of differences according to χ2 based on the generalized log-rank test <0,001

Reaction with p16INK4 tumor suppressor (n=64)

negative 33,3 -20,0 - 86,6 n/d n/d n/d n/d 18,0 18,0; n/d 18,0 - 30,0

available n/d n/d 33,3 2,5 - 64,1 n/d n/d 30,0 24,0; n/d 24,0 - 30,0

р the level of disagreement by the log-rank test 0,134

Note. n/d – not defined.
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through the analysis of Cox’s proportional risks. Based 
on the results of multiple analysis of Cox’s proportional 
intensities, a significant (p <0.001) proportional model 
was constructed with independent prognostic factors 
for survival of patients with malignant oropharyngeal 
neoplasms - age, N stage of tumor process and short-
term results of combined treatment in the form of 
progression of tumor growth (Table 5). 

The probability of the endpoint (death of the patient) 
according to the regression model of proportional risks 
of Cox is modeled as follows:

H (t) = H0 (t) * exp (b1 × x1 + b2 × x2 + b3 × x3)	 (1)
where - b1 and b2 - regression coefficients;
x1 and x2 are predictor variables presented in Table 5;  

H0 (t) is the basic danger at time t, which represents the risk of 
death for a patient with a value of 0 of all predictor variables. 

The regression coefficients (beta weights) are the weights 
for each variable in the equation. Therefore, the most 
important factor influencing the survival rate of the examined 
patients from the studied ones is the direct result of treatment, 
then in descending order of N stage and age of the patient.

A positive regression coefficient in predictor variable 
of relapse means an increase in risk and, consequently, 
a worsening of the prognosis in its presence. That is, the 
prognosis of survival deteriorates with age, N stage of 
the disease and the progression of tumor growth.

Based on equation 1, the risk ratio is calculated by 
the formula:

Ln (H (t) / H0 (t)) = b1 × x1 + b2 × x2 + b3 × x3
Hazard ratio (or risk levels) is the degree of risk associated 

with each variable (factor) in fixing all other variables. HR 
greater than 1 indicates an increased risk for patients with 
this characteristic; less than 1 - a reduced risk.

Survival rate of the examined patients statistically 
significantly reduces in case of deterioration of direct results 
of treatment in the form of progression of tumor growth - 
the adjusted hazard ratio HR = 3,72 (95% of CI 02,78 - 5,0). 

DISCUSSION
 Treatment of patients with oropharyngeal cancer is 
still multidisciplinary with the use of surgery, che-
motherapy and radiation. Surgery may be an option 

CI 36, 6 - 54.4) and 31.2% (95% CI 22.9 - 39.5), while in 
those of over 65 - the figures are lower and make up 
31.8 respectively (95% CI 20.3 – 43.4) and 9.1% (95% CI 
- 0.6 - 8.8), although the latter indicator did not reach 
a statistically significant level (95% CI included zero in 
the range).

Differences in the survival rate in patients with 
different diagnoses by ICD and, accordingly, different 
localization of the pathological process (p <0.001) were 
revealed (Fig. 7).

The highest survival rates are observed in localization 
of the tumor on the palatine tonsil - median survival is 
42.0 months (95% CI 36.0 - 48.0), lower - in localization 
on the vallecules pharynx and on the lingual surface 
of the epiglottis - 30.0 months (95% 24.0 - 36.0) and 
the lowest – in localization on the soft palate and on 
the lateral and posterior wall of the oral pharynx - 24.0 
months (95% 24.0 - 30.0).

Analysis of the survival of the examined patients 
depending on the stage of the disease showed the 
worst results in patients with stage IV - so three-year 
survival rate in the examined patients of this group was 
22.7% (95% CI 13.7 - 31.7), while in patients with stage 
II and III - 62.5 (95% CI 29.0 - 96.0) and 55.7% (95% CI 
45.4 - 66) (p <0.001) respectively. (Fig. 8).

A similar trend in the decrease in survival rate with the 
deterioration of the stage of the pathological process is 
observed in the analysis of survival by TNM classification 
(Fig. 9, 10).

Analysis of patient survival rate depending on the 
immediate results of combined treatment showed that 
(Fig. 11), the probability of survival is higher (p <0,001) 
during three years in patients with complete regression 
of the tumor - 87.0% (95% CI 78.0 - 96.0) compared 
with patients with partial regression - 25.0% (95% CI 
16.7 - 33.3) and stabilization of the process 4.4% (95% 
CI -4.0 - 12.7).

Regarding the choice of treatment strategy, the 
analysis of survival proved the adequacy of the applied 
approaches, as the best survival rates were observed 
in case of the best short-term results of the applied 
combined treatment. This was also confirmed by the 
analysis of factors influencing the survival rate of patients 

Table 5. Cox proportional hazards regression model of the influence of independent prognostic factors on the survival of patients with malignant 
neoplasms of the oral part of the pharynx.

Factors Regression 
coefficient β 

Standard 
error β χ2 Valda p-value χ2

Valda RR 95 % CІ

Direct results of treatment 
in the form of tumor growth 

progression (x1) 
0,932 0,145 41,16 p<0,001 3,72 2,78 – 5,0

Age (х2) 0,018 0,009 3,86 0,037 1,17 1,07 - 1,46

N stage (х3) 0,184 0,028 2,55 0,049 1,38 1,06 - 1,78
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treatment intolerance, which may lead to treatment 
interruption. 

Treatment methods for cancer of head and neck tumors 
differ from localization in this part of the body. However, 
the effectiveness of primary surgical removal has been 
proven for tumors of the oral cavity. The protocols and 
tactics of laryngeal cancer treatment and their applica-

for some early stages of oropharyngeal tumors. Pa-
tients with later stages of cancer or those who are 
inoperable usually receive radiation with or without 
chemotherapy.

 Because toxicity is higher when chemotherapy 
is added, combination therapy in patients with 
multiple medical conditions increases the risk of 

Fig. 7. Cumulative survival 
rate of the examined pa-
tients with oropharyngeal 
carcinoma depending on the 
diagnosis by ICD (survival 
period in months).

Fig. 8. Cumulative survival 
rate of the examined pa-
tients with oropharyngeal 
carcinoma depending on the 
disease stage (survival period 
in months).
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mavirus (HPV) is detected in 20-60% of patients with 
oropharyngeal cancer.

 The diagnosis of HPV is based on the study of its 
specific DNA or mRNA in a tumor cell using the poly-
merase chain reaction (PCR), enzyme analysis during 
immunohistochemical study of the p16 gene expres-
sion product - INK4A protein, or sequencing.

tion in European countries provide for radiation therapy 
in the first stage. In the case of cancerous neoplasms of 
the oral part of the pharynx, meta-analyses demonstrate 
the usefulness of chemotherapy at the first stage.

In 2017, the staging of cancer of the oral part of the 
pharynx was changed depending on the association 
with the human papillomavirus (p16). Human papillo-

Fig. 9. Cumulative survival 
rate of patients examined 
with oropharyngeal carcino-
ma depending on stage of 
tumor process by TNM classi-
fication (tumor – Т) (survival 
period in months).

Fig. 10. Cumulative survival 
rate of the examined patients 
with oropharyngeal carcino-
ma depending on the stage 
of tumor process by TNM 
classification (regional lymph 
nodes – N) 
(survival period in months). 
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Along with routine p16 immunohistochemistry, HPV test-
ing should be mandatory in clinical trials for all patients (or 
at least after a positive p16 test result). This is recommended 
if the HPV status may affect the treatment of patients [13].

These interesting data of the latest study, which in-
dicate the presence of 4 groups of patients with squa-
mous cell carcinoma of the oropharynx (SCCOPH) with 
different survival results depending on the detection of 
HPV by two different methods, can be used by clinicians 
in the future for more effective treatment.

Today, according to the protocols, the treatment 
of patients with oropharyngeal cancer (SCCOPH) is 
prescribed depending on the detection of the human 
papilloma virus.

 For patients with cancerous neoplasms of the oral 
part of the pharynx, the meta-analyses discussed below 
demonstrate the usefulness of chemotherapy at the 
first stage.

 Thus, in the MACH-NC 5872 meta-analysis, the treat-
ment of head and neck cancer patients with the use 
of chemotherapy was considered. Individual data of 
16,192 patients with an average follow-up period of 
5.6 years were analyzed. The benefit of chemotherapy 
was similar for all head and neck tumor sites, with a 
hazard ratio for death or recurrence between 0.87 and 
0.88 (p-value for interaction = 0.99). The best treatment 
effect was with combined chemoradiation therapy 
(simultaneous chemotherapy)  for all tumor sites, but 
the test of interaction between time and treatment 
effect was significant only for tumors of the oropharynx 

 Overexpression of p16 protein INK4a serves as an 
excellent surrogate biomarker of HPV causation in oro-
pharyngeal cancer because the early E7 protein of HPV 
leads to overexpression of p16 in HPV-related cancers.

In a multicenter cohort study of 7,895 patients with 
oropharyngeal cancer from Great Britain, Canada, 
Denmark, Sweden, France, Germany, the Netherlands, 
Switzerland, and Spain, the authors identified 4 groups 
of patients depending on immunohistochemical detec-
tion of p16 and HPV testing.

Thus, group 1 - patients with oropharyngeal cancer 
p16+/HPV– was the largest in subsites outside the tonsils 
and the base of the tongue (29.7% vs. 9.0%, p<0.0001). 
5-year overall survival was 81·1% (95% CI 79·5–82·7).

The second group - patients with p16+/HPV+ had a 
5-year survival = 40·4% (38·6–42·4).

 The third group of patients with indicators - p16–/
HPV–, total survival, respectively, 53·2% (46·6–60·8)

 The fourth group of patients with p16–/HPV+ had a 
5-year overall survival rate of 54·7% (49·2–60·9).

5-year disease-free survival for patients of the first 
p16+/HPV– group was 84.3% (95% CI 82.9–85.7), for the 
second p16+/HPV+= 60.8% (58.8–62, 9), for the third 
p16–/HPV–= 71·1% (64·7–8·2), for the fourth - p16–/
HPV+ = respectively - 67·9% (62·5–73·7).

 The study concluded that patients with discordant oro-
pharyngeal cancer (p16–/HPV+ or p16+/HPV–) had a sig-
nificantly worse prognosis than patients with p16+/HPV+ 
oropharyngeal cancer and a significantly better prognosis 
than patients with p16–/HPV– oropharyngeal cancer.

Fig. 11. Cumulative survival 
rate of patients with oropha-
ryngeal carcinoma depending 
on short-term results of com-
bination treatment (survival 
period in months) 
Note. Group 1 – complete 
regression; Group 2 – partial 
regression; Group 3 – stabi-
lization.
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of the epiglottis - 30.0 months (95% 24 .0 - 36.0) and 
names when located on the soft palate and localiza-
tion on the side and back wall of the oropharynx - 24.0 
months (95% 24.0 - 30.0).

Diverse data on 3- and 5-year survival rates, risk 
ratio of death or recurrence, median survival value) in 
meta-analyses and articles by foreign and domestic 
authors indicate a considerable range of treatment 
schemes for oropharyngeal cancer and require further 
study.

 Thus, the scientific goal of our work has been 
achieved, the dependence of the treatment results on 
the localization of the tumor in the oropharynx, asso-
ciation with the human papillomavirus, age, gender, 
and response of the tumor (full or partial) after primary 
chemotherapy has been proven. The results of the work 
are original for characterizing the treatment of oropha-
ryngeal cancer patients in Ukraine.

The scientific goal was achieved, to the dependence 
of treatment results on the localization of relapse in the 
oropharynx, association with the human papillomavi-
rus, age, gender and compliance shown (full or partial) 
after primary chemotherapy. The results of the work 
are original for the characteristics of the treatment of 
oropharyngeal cancer patients in Ukraine.

CONCLUSIONS
Studies of patients with malignant oropharyngeal 
neoplasms in which squamous cell carcinoma (90.6%) 
predominated, localized mainly in the palatine tonsil 
(73.2%), with the most frequent stages T3N1M0 (30.1%) 
and T3N1M0 %), with regional metastases to the lymph 
nodes of the neck (89.9%), showed that the effectiveness 
of treatment and rehabilitation of patients is quite high, 
as in most examined in the short term after combined 
treatment there was a complete or partial regression of 
the tumor (91.7% ), no progression of the oncological 
process was detected.

In the presence of a reaction with the tumor sup-
pressor p16INK4, the chances of achieving complete 
regression of the tumor increase by 4.2 times compared 
to its absence (OR = 4.2; p = 0.010). 

It was determined that with complete and partial 
tumor regression, a more positive reaction  in patients 
associated with the human papilloma virus (P16 +) 
with the biomarker p16INK4 (rs = 0.33; p = 0.007), which 
can be used for screening diagnostic purposes as for 
tumor regression, but has a medium prognostic ability 
to predict complete regression.

The annual, three- and five-year survival rates of 
the examined patients with malignant oropharyngeal 
neoplasms after treatment were 97.3%, respectively 

(p<0.0001) and larynx (p=0.05). The 5-year absolute 
effect rate associated with concomitant chemotherapy 
is 8.9%, 8.1%, 5.4%, and 4% for tumors of the oral cavity, 
oropharynx, larynx, and hypopharynx, respectively [14].

Other  authors also conducted a meta-analysis of 87 
trials of 16,485 treatment trials for head and neck cancer. 
Most patients received concomitant chemotherapy. The 
hazard ratio for death or recurrence was 0.88 (p<0.0001) 
with an absolute advantage for chemotherapy of 4.5% 
at 5 years and a significant interaction (p<0.0001) be-
tween time of chemotherapy (adjuvant, induction or 
concomitant) and treatment . Both direct (6 studies) 
and indirect comparison showed a more pronounced 
effectiveness of combined care with induction che-
motherapy. For 50 related studies, the hazard ratio  
for death or recurrence was 0.81 (p<0.0001), and the 
absolute incidence was 6.5% at 5 years. There was a de-
crease in the effect of chemotherapy with age (p=0.003, 
test for trend). The authors conclude that when using 
concomitant chemotherapy was confirmed and was 
greater than from induction chemotherapy [15].

Somewhat better than our results of survival are 
reported by Ukrainian authors in patients with stage 
III-IV cancer of the oral cavity who received induction 
chemotherapy followed by radiation therapy. With the 
TPF scheme (docetaxel or paclitaxel + cisplatin + 5 flu-
orouracil), the 3- and 5-year survival rates were 51.4% 
and 42.6%, respectively.[16]

Three-year survival in patients with oral cavity and 
oropharyngeal cancer stage III-IV with the use of 
taxane-polyplatylene in the neoadjuvant regimen in 
another study was 40%, and with induction polyche-
motherapy with cisplatin - 5.3% [17] .

Our analysis of the treatment of 276 patients with 
cancer of the oral part of the pharynx with the use of 
neoadjuvant chemotherapy showed its good effec-
tiveness despite the large number of patients with 
neglected stages (94%) and the presence of metastases 
in the lymph nodes of the neck (89.9%). Despite the 
fact that chemotherapy is ineffective for the treatment 
of metastases, we observed complete regression of 
regional metastases in 15% of cases.

The analysis of the survival rate of the examined pa-
tients depending on the stage of the disease showed 
the worst results in patients of stage IV - for example, the 
three-year survival rate of the examined patients of this 
group was 22.7% (95% CI 13.7 - 31.7), while in patients 
of II and III stages, respectively, 62.5 (95% CI 29.0 – 96.0) 
and 55.7% (95% CI 45.4 – 66) (р<0.001).

The highest survival rates are observed when the tu-
mor is located on the palatine tonsil - median survival 
42.0 months (95% CI 36.0 - 48.0), lower - when the tumor 
is located on the valeculus and on the lingual surface 
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regression - 30.0 months (95% CI 24.0 - 48.0) and process 
stabilization - 18.0 months (95% CI 18.0 - 48.0) (p <0.001).

The effectiveness of the applied approaches is 
also indicated by the fact that in the direct results of 
combined treatment in the form of progression of 
tumor growth, survival rate decreases by 3.72 times 
(95% CI 02.78 - 5.0) and vice versa, if tumor regression 
is achieved - it significantly increases (p <0,001).

(95% CI 94.9 - 99.7); 40.8% (95% CI 33.7 - 47.9) and 27.0% 
(95% CI 20.6 - 33.4) with a median survival of 36 months 
with 95% CI (35.5 – 40.2).

Survival analysis proved the adequacy of the applied 
approaches to the management of patients, as the 
highest survival rates were observed at complete 
regression of the tumor - median survival of 56.0 months 
(95% CI 18.0 - 60.0) compared to patients with partial 
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INTRODUCTION
Obstruction of the distal common bile duct due to 
benign or malignant process in most cases requires 
primary drainage of the biliary tract [1,4]. Endoscopic 
retrograde cholangiopancreatography (ERCP) with 
stenting of the common bile duct (with or without 
papillosphincterotomy) is recognized as the “gold stan-
dard” of biliary tract drainage, and technical success is 
usually obtained in most cases [2,4]. However, according 
to the literature data, failed biliary cannulation or stent-
ing of the choledochus are observed in up to 10% of 
cases when distal common bile duct is obstructed due 
to oncological processes and the rigidity of tumorous 
tissues in this area [3,6].

In cases of failed transpapillary cannulation and 
stenting, alternative access methods to biliary de-
compression are needed: percutaneous transpapillary 
external drainage, open or laparoscopic external and 

internal drainage, endoscopic ultrasound (EUS) internal 
biliary drainage (most often in the form of EUS-guided 
choledochoduodenostomy) [4,5]. It should be noted 
that percutaneous transhepatic biliary drainage is tra-
ditionally attempted as an alternative drainage method, 
but adverse event rates are reportedly relatively high. 
These negative aspects are directly related to the pe-
culiarities of performing this intervention, as well as 
that is an external drainage method, which leads to 
indigestion because of bile absence in the duodenum 
and reduced quality of life. In general, laparoscopic 
external drainage interventions have similar disad-
vantages [7,8]. Open surgical interventions for biliary 
obstruction, compared with minimally invasive, are 
associated with much greater surgical trauma, which in 
turn leads to greater postoperative pain, longer postop-
erative period, increased postoperative complications, 
morbidity and mortality [9,10]. The hybrid approaches 
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ABSTRACT
Aim: Experimental justification for creation of bile offtake into the duodenum with minimally invasive methods in cases of obstruction of the distal part of 
common bile duct and failure of transpapillary interventions and studying the first results of such intervention application.
Materials and Methods: The anatomical relationships between the duodenum and the common bile duct in its distal parts starting from its retroduodenal 
part to the sphincter of Oddi were studied. The possibility of transillumination of the walls of the common bile duct and the duodenum by a light source 
introduced into the lumen of the common bile duct is determined.
Results: The length of a conventional straight line between the lumens is from 7.1±0.2 mm at a distance of 50 mm from the sphincter of Oddi to 4.7±0.1 mm 
at a distance of 30 mm from the sphincter of Oddi. In the distance up to 40 mm from the sphincter of Oddi, the common bile duct and the duodenum are in 
close proximity to each other without free spaces, that predispose for the connection formation between the lumens of the duodenum and the common bile 
duct. The technology of endoscopic light-guided choledochoduodenostomy is substantiated, developed and implemented.
Conclusions: Created method of endoscopic light-guided choledochoduodenostomy allows to perform a conjunction between the lumens of the duodenum 
and the common bile duct. This intervention can be used when endoscopic transpapillary drainage of the common bile duct is impossible and has advantages 
over open draining bile duct operations in patients with tumor distal common bile duct obstruction.
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such us EUS-guided choledochoduodenostomy or 
laparoscopic-cholangioscopic cooperative technique 
require careful patient selection, appropriate special 
equipment, experienced operator supported by a 
well-trained team in a multidisciplinary setting and 
has its own complications, for example, in the form of 
bleeding [4,11].

Thus, despite the fact that many scientific and practi-
cal efforts are devoted to the topic of bile ducts drain-
age in the case of distal lesions of common bile duct, 
this problem remains relevant due to its difficulty, that 
confirmed by numerous publications.

AIM 
Experimental justification for creation of bile offtake 
into the duodenum with minimally invasive methods 
in cases of malignant obstruction of the distal part of 
common bile duct and failure of transpapillary interven-
tions and studying the first results of such intervention 
application.

MATERIALS AND METHODS 
During the primary drainage of the biliary system 
among patients with obstruction of the common bile 
duct of tumor etiology, in 19.7% cases transpapillary 
drainage was unsuccessful due to the technical impos-
sibility of cannulating the bile ducts or the impossibility 
of papillosphincterotomy and stent placement due 
to the rigidity of the tissues near the large duodenal 
papilla. All these patients underwent percutaneous 
transhepatic and open draining surgical interventions 
for bile duct decompression. The fails in performing 
transpapillary biliary drainage in case of obstruction 
of the distal common bile duct dictated the need to 
develop other minimally invasive ways of diverting bile 
to the duodenum.

To solve the issue of alternative (“extrapapillary”) 
bile drainage from the common bile duct to the du-
odenum, the anatomical relationships between the 
duodenum and the common bile duct in its distal parts 
were studied on the sectional material, starting from 
its retroduodenal part to the sphincter of Oddi. During 
the morphological study, the distance between the 
lumens of the choledochus and the duodenum was 
measured at different levels from 0 to 50 mm from the 
sphincter of Oddi.

The possibility of passing light through the walls of 
the common bile duct and duodenum by a light source 
introduced into the lumen of the common bile duct is 
also determined. A new method of bile drainage in the 
case of obstruction of the distal part of the choledochus 

has been developed. The first results of using this tech-
nique are compared with the results of treatment with 
transpapillary interventions and open interventions.

ETHICS 
Ethical approval was obtained from the ethics commit-
tee of the State Organization «V.T. Zaytsev Institute of 
General and Emergency Surgery of the National Acad-
emy of Medical Sciences of Ukraine», Kharkiv, Ukraine, 
including the aim of the study and confirmation that 
all data collected, will be kept confidential and used for 
scientific research only. The Study complies with the 
Declaration of Helsinki.

STATISTICAL ANALYSIS
Data were presented using descriptive statistics in 
the form of frequencies and percentages. The average 
values were used with a standard deviation; for the 
comparison of non-parametric values an χ2 criterion 
was used; according to this criterion, p was determined 
(p < 0,05 was considered statistically significant).

RESULTS
Microscopic measurement of tissues cross-sections in 
the area of adjacency of the common bile duct to the 
duodenal wall revealed that the distance between the 
lumens of the common bile duct and the duodenum 
is unequal at different levels (Fig. 1).

According to the data obtained, the gap between 
the duodenal wall and the common bile duct has 
no free spaces starting from 50,1 ± 0,2 mm from the 
sphincter of Oddi. Therefore, the distance between the 
lumens of the duodenum and the common bile duct 
was measured during microscopic investigation at the 
distance of 50 mm, 40 mm, 30 mm, 20 mm and 10 mm 
from the sphincter of Oddi and directly in the area of 
the sphincter.

The results of measurements between the lumens of 
the common bile duct and duodenum are presented 
in Table 1.

Almost throughout the entire study area, the space 
between the lumens of the duodenum and the com-
mon bile duct consists of duodenal mucosa, its submu-
cosal and muscle layers, adipose tissue and directly the 
wall of the common bile duct. 

The length of the conditional straight line between the 
lumens is from 7.1 ± 0.2 mm at a distance of 50 mm from 
the sphincter of Oddi to 4.7 ± 0.1 mm at a distance of 30 mm 
from the sphincter of Oddi. Then, closer to the sphincter of 
Oddi, the length of the conditional straight line between 
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the duodenal lumen and lumen of the common bile duct 
increases to 6-6.5 mm at a distance of 10-20 mm from the 
sphincter of Oddi. The cause for increasing this distance 
is the artery, that occurs in about 85%, which follows the 
curvature of the common bile duct wall. (Fig. 2).

Further, even closer to the Oddi’s sphincter, there is a 
significant shift of the common bile duct in the direction 
of the duodenal mucosa. The length of the straight line 
connecting the lumens of the duodenum and the common 
bile duct is reduced to 4-5 mm. Directly next to the sphincter 
of Oddi, the common bile duct is adjacent to the duodenal 
muscular layer, and the measured distance is 3.5 ± 0.1 mm.

Thus, in the area up to 40 mm from the sphincter of Oddi, 
the common bile duct and the duodenum are in close prox-
imity to each other without voids, which is a prerequisite for 
the formation of a connection between the lumens of the 
duodenum and the common bile duct. A warning factor is 
the presence of an artery near the wall of the choledochus 
at a distance of 10-20 mm from the sphincter of Oddi.

Based on the above data, the possibility of establish-
ing a connection between the lumens of the duodenum 
and the common bile duct due to the short distance 

between these formations is substantiated. It should 
be noted that to prevent bleeding, you need to avoid 
damage to the artery in this area.

Visibility from the duodenal lumen of the light source 
introduced into the common bile duct was checked on 
the cadaver material. Through the opening in the hepa-
ticocholedochus, a light source was passed on a con-
ductor to the retroduodenal part of the common bile 
duct, and the translucency of this light source through 
the open wall of the duodenum was observed (Fig. 3).

It was revealed that the light source inserted the 
common bile duct is visualized from the lumen of the 
duodenum with different intensities up to 50 mm from 
the sphincter of Oddi (Fig. 4). 

To perform a connection between the lumens of the 
duodenum and the common bile duct, the technology 
of endoscopic light-guided choledoduodenostomy 
(ELCD) was created and implemented.

The insertion of a light source into the common bile 
duct to the site of its obstruction allows to identify 
the location of the obstruction, that visible from the 
adjacent part of the duodenum (i.e. to determine the 
point of the future junction). Also, it can be clarified 
the location of tissue dissection so that it does not fall 
into vessels and did not lead to bleeding. The light flux 
passes through optically inhomogeneous biological 
tissues, that allows to detect the presence of denser 
structures (bile stones, vessels).

PROCEDURE TECHNIQUE
A light source is inserted into the common bile duct 
through a dilated cystic duct laparoscopically to the 
point of its obstruction. Then endoscopically from the 
duodenum through its wall it is performed connection 

Table 1. Results of measurements between the lumens of the common 
bile duct and duodenum

Distance from Oddi’s 
sphincter

The distance between the 
lumens of the common bile duct 

and the duodenum

50 mm 7,1±0,2 mm

40 mm 5,2±0,1 mm

30 mm 4,7±0,1 mm

20 mm 6,2±0,2 mm

10 mm 6,0±0,2 mm

0 3,5±0,1 mm

Fig. 1. Morphological sample of arrangement  of the common bile duct and duodenum (cross section).
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between the lumens of the duodenum and the com-
mon bile duct with endoscopic knives or otherwise, 
focusing on light from the common bile duct (Fig. 5).

The criteria of the effectiveness of the intervention 
is the appearance of the contents of the common bile 
duct (bile, pus) in the duodenum lumen. Stenting of a 
new choledochoduodenal connection is not principally. 
The light source in the common bile duct to point of its 
obstruction can be delivered percutaneously transhe-
patic, percutaneously or laparoscopically through the 
gallbladder or cystic duct.

Thus, this procedure allows under visual (most infor-
mative) control to perform mini-invasive provision of 
bile outflow from the common bile duct to the duode-
num in case of obstruction of choledoch’s distal part 
and the impossibility of transpapillary interventions. 
The duration of the intervention was from 75 to 170 
minutes.

According to this method it was performed 7 ELCD. 
The results after procedure in these patients were com-
pared with the period after endoscopic transpapillary 

drainage (ETD) and open biliodigestive anastomoses 
(BDA). The results of the comparison are presented in 
Table 2.

The changes in bilirubin concentration in the blood 
after ELCD, ETD and BDA are presented in Table 3.

DISCUSSION
Obstruction of the distal part of the common bile duct 
in the vast majority of cases is managed by endo-
scopic transpapillary interventions. However, in some 
cases drainage of the biliary tree using transpapillary 
interventions is unsuccessful for various reasons. This 
especially applies to patients with tumor lesions of the 
distal part of the common bile duct and large duodenal 
papilla. Alternative methods to biliary decompression 
(percutaneous external drainage, open or laparo-
scopic external and internal drainage and endoscopic 
ultrasound internal biliary drainage) have their own 
disadvantages [7]. Therefore, still it has been created 
new methods for draining bile to the duodenum when 

Fig. 2. Microscopy of the area between the lumens of the duodenum and the common bile duct (x60).

Table 2. Results of comparing after ELCD, ETD and BDA.
Parameter ELCD (n=7) ETD (n=10) BDA (n=10)

Average indicator of  PS *, points 3,6 2,2 7,5

Average duration of the postoperative period, days 6,7±0,5 5,3±0,3** 9,2±1,2

Complications,% - 10% 20%

Beginning of enteral nutrition, days 1,5±0,3 0,9±0,1 2,8±0,5

* - PS (pain scale) 12 hours after surgery, points
** - the duration from the intervention to the patient’s discharge or to the next stage of treatment.

Table 3. Dynamics of blood bilirubin decrease after ERLDC, EPDC and BDA, μmol/l

Type of intervention Before intervention
After intervention

1st day 3d day 5th day

ELCD 170,2±13,4 113,8±12,5 67,1±6,7 20,6±4,9

ETD 181,5±9,8 105,7±10,3 59,3±7,5 17,5±3,4

BDA 203,6±15,8 130,7±11,5 79,5±9,1 35,9±5,2
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rating scale (p <0.05), shorter postoperative period 
(p <0.05), less postoperative complications (p <0.05), 
earlier possibility of the enteral nutrition (p <0.05) and 
a more pronounced dynamic of bilirubin reducing in 
the blood (p <0.05).

CONCLUSIONS
Thus, created method of endoscopic light-oriented cho-
ledochoduodenostomy allows to perform a conjunction 
between the lumens of the duodenum and the common 
bile duct. The results of this intervention are statistically 
better than the results of open biliodigestive anasto-
moses and comparable to endoscopic transpapillary 
drainage of the common bile duct. At present, this in-
tervention can be used when endoscopic transpapillary 

transpapillary cannulation and stenting is failed. Based 
on the study of the anatomical relationship between 
duodenum and choledochus retroduodenal part, as 
well as on study of light transillumination through 
the walls of the common bile duct and duodenum, it 
was developed method of endoscopic light-guided 
choledoduodenostomy (ELCD). This technique was per-
formed in 7 patients, and we have analyzed fist results.  

According to the comparison data, the results of ELCD 
are not statistically different from endoscopic transpap-
illary drainage of the common bile duct in dynamics 
of bilirubin decrease, pain assessment, duration of 
postoperative period and beginning of enteral nutri-
tion. At the same time, there is statistically significant 
differences ELCD with open biliodigestive anastomo-
ses for all studied parameters: significantly lower pain 

Fig. 3. A light source on a conductor introduced into the hepaticocholedochus (morphological material).

Fig. 4. Transillumination of light from the lumen of the common bile duct through the wall of the duodenum (morphological material).
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light-guided choledochoduodenostomy. We publish 
them to inform the public about the technique itself 
and about the first good results of its application. In the 
future, we will continue research and collect material 
so that the results will be more relevant.

drainage of the common bile duct is impossible and has 
advantages over open draining bile duct operations in 
patients with tumor distal common bile duct obstruction.

We would like to note that this article presents 
only the first results of implementing the Endoscopic 

Fig. 5. Endoscopie light-guided choledochoduodenostomy.
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INTRODUCTION
The clinical and pathogenetic heterogeneity of 
arterial hypertension (AH) and insufficient study of 
the mechanisms of blood pressure regulation and, 
as a result, the improvement of the schematics of 
complex therapy of AH, stipulates further study of the 
pathogenetic mechanisms of persistent high blood 
pressure. A unique feature of AH is the dominance of 
disorders of functional mechanisms of blood pressure 
regulation (nervous and humoral), which cover the 
main homeostatic systems of the body, the formation 
of vicious circles and the so-called cardiovascular 
continuum [1, 2].

Functionally, blood pressure regulatory systems are 
genetically determined. In view of this, the combination 

of genetic predisposition with living conditions and 
environmental factors allowed us to classify hypertension 
as a multifactorial pathology. The stratification of risk 
factors for hypertension has led to the most significant 
mutational changes in the genes responsible for the 
balance of the pressor (tissue and renal renin-aldosterone-
angiotensin system (RAAS) vasoconstrictors-endothelin 
1, 2, 3, vasopressin, aldosterone, leukotrienes C and 
D, prostaglandin-E2) and depressor (NO, Na-urethic 
peptides, kallikrein-kinin system, prostacyclin) long-
acting circuits [3, 4]. 

The realization of pathophysiological effects of these 
«mediators» of hypertension is possible only in cases of 
expression of the corresponding receptors on target cells 
and organs. In addition, non-peptide components of the 
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ABSTRACT
Aim: To investigate lipid profile parameters depending the polymorphism of the A1166C I type gene receptor of the angiotensin II as a predictor of arterial 
hypertension.
Materials and Methods: The study involved 86 patients with arterial hypertension. The control group consisted of 30 practically healthy individuals. Indicators 
of lipid metabolism in the blood serum of patients were determined using “Lachema” kits on an analyzer. The the polymorphism of the A1166C I type gene 
receptor of the angiotensin II was studied by polymerase chain reaction with electrophoretic detection of the results. 
Results: Higher levels of total cholesterol were found in patients with CC genotype compared to AA genotype carriers ((8.94±0.09) vs (5.18±0.02) mmol/L). 
The level of low-density lipoprotein in CC-genotype carriers was (7.43±0.03) versus (3.66±0.02) mmol/L in A-allele homozygotes. Triglycerides and very low 
density lipoproteins were also significantly higher in CC genotype carriers compared to patients with AA genotype. The level of high-density lipoprotein was 
lower in homozygotes with C-allele than in patients with the AA genotype, and was (0.59±0.12) versus (0.99±0.03) mmol/L. 
Conclusions: The presence in the CC genotype the I type gene receptor of the  angiotensin II type is a predictor of dyslipidemia. In patients with arterial 
hypertension, the presence in the C-allele of the I type gene of the angiotensin II type  contributes to a significant increase in serum adipokines and a decrease 
in ghrelin levels.
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pressor and depressor circuits realize their physiological 
and pathophysiological effects only in the case of the 
activity of the corresponding enzymes. Mutational 
processes affecting the synthesis, production, and 
reception of these mediators of hypertension are an 
important component of this disease. The identification 
of specific polymorphisms associated with hypertension 
and their involvement in pathogenetic patterns of 
blood pressure dysregulation gave rise to the definition 
of these genes as candidate genes for hypertension. The 
most relevant polymorphisms in hypertension are the 
polymorphisms of the angiotensin-converting enzyme 
(ACE) gene, the angiotensin (AGT) gene polymorphism, 
the angiotensin II receptor (AGTR) gene polymorphism, 
and the NO-synthase gene polymorphism [5, 6, 7].

There are many gene-candidates, whose SNP-
mutations are associated with a predisposition to 
cardiovascular disease, and one of the most common is 
undoubtedly arterial hypertension (AH). Despite some 
progress in the study of the pathogenesis and diagnosis 
of arterial hypertension, most patients fail to achieve 
adequate control of high blood pressure, which leads to 
an increased risk of developing complications of AH [8, 9].

The results of numerous studies confirm the 
relationship between arterial hypertension and 
genes of the renin-angiotensin-aldosterone system, 
namely the polymorphism of the A1166C I type gene 
receptor of the angiotensin II (AGTR1) in patients with 
hypertension and the evaluation of the relationship 
between polymorphism, high blood pressure and 
dyslipidemia [10, 11]. 

Given the material we have accumulated, we 
considered it appropriate to conduct additional 
research to help understand the interaction of genes 
with the environment to obtain a complete picture of 
the complex genetic architecture of AH. 

AIM 
The aim of the work is to investigate lipid profile 
parameters depending on the polymorphism of the 
A1166C I type gene receptor of the angiotensin II 
(AGTR1) as a predictor of arterial hypertension.

MATERIALS AND METHODS
86 patients (47 (55 %) women and 39 (45 %) men) with 
arterial hypertension, who were treated and examined 
in the therapeutic department of Koziv Central District 
Hospital were examined. Their age ranged from 45 to 
76 years, with a mean age of (61.35 ± 13.30) years. The 
control group consisted of 30 people without signs of 
arterial hypertension. The criteria for inclusion in the 
study was the presence of arterial hypertension of 1-3 
degrees. The diagnosis of hypertension was established 
in accordance with the orders of the Ministry of Health 
of Ukraine No. 54 and 436 and the Recommendations 
of the Ukrainian Association of Cardiologists on the 
prevention and treatment of hypertension on the basis 
of anamnestic data, complaints, physical and clinical 
examination data. 

The study was conducted in accordance with 
the principles of bioethics, which are set out in the 
Declaration of Helsinki «Ethical Principles for Medical 
Research Involving Human Subjects», the Universal 
Declaration on Bioethics and Human Rights (UNESCO), 
and the Order of the Ministry of Health of Ukraine «On 
Approval of the Procedure for Conducting Clinical Trials 
of Medicines and Examination of Clinical Trial Materials 
and the Model Regulations on Ethics Commissions» No. 
690 of 23.09.2009. Written informed consent for the 
study was obtained from all patients (Conclusion of the 
Biomedical Ethics Committee of the Ternopil National 
Medical University No. 69 dated 12.04.2022). 

Table 1. Characteristics of the examined patients (n=86)
Indicator Meaning

Average age, years 61,35±13,3

Men, % (n) 45 (39)

Women, % (n) 55 (47)

Duration of the disease, years 12,6±1,8

BMI, kg/m2 32,6±1,1

Obesity (BMI > 30 kg/m2), % (n) 34,9 (30)

Smoking 31,4 (27)

Alcohol abuse 12,8 (11)

Burdened heredity for early development of CVD (for men age < 55 years, for women < 65 years), % (n) 54,7 (47)

Grade 1 hypertension, % (n) 24,4 (21)

Grade 2 hypertension, % (n) 54,6 (47)

Grade 3 hypertension, % (n) 21 (18)
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The study did not include patients with a history of 
myocardial infarction and stroke, secondary arterial 
hypertension, congenital or acquired heart disease, 
rhythm and conduction disorders, functional class III-IV 
heart failure by NYHA, chronic obstructive pulmonary 
disease, diabetes mellitus, chronic kidney disease, 
cancer, and mental illness. The clinical and anamnestic 
characteristics of the patients are shown in  Table 1.

All patients underwent the following studies: 
measurement of body weight and height, office blood 
pressure, electrocardiography (ECG), lipid profile, and 
the  polymorphism of the A1166C I type gene receptor 
of the angiotensin II was determined.

The lipid profile in the blood serum of the studied 
patients was measured in the laboratory of the Koziv 
Central District Hospital of the CEB. Concentrations of 
total cholesterol (TC), triglycerides (TG), low-density 
lipoprotein (LDL), very low-density lipoprotein (VLDL), 
and high-density lipoprotein (HDL) were determined 
using commercially available kits on a Biochem FC-200 
analyzer (HTI, USA). 

The allelic polymorphism of the A1166C I type gene 
receptor of the angiotensin II was studied by polymerase 
chain reaction with electrophoretic detection of the 
results using SNP-EXPRESS reagent kits (Litex Ltd.).

Statistical processing of the study materials was 
performed using biostatistical analysis methods 
implemented in the licensed software packages 
Microsoft Office 2010 Professional Plus (Microsoft 
Access 2010, Microsoft Excel 2010) - registration 

number 49521210; software product STATISTICA 6.1 
(StatSoftInc., serial number AGAR909E415822FA). 

The following basic statistical characteristics were 
calculated: number of observations (n), arithmetic 
mean (M), relative values (P), mean error of the mean 
(mM), mean error of the relative value (mr), standard 
deviation (SD), 95% confidence interval (95% CI); 
median (Me) with interquartile range (25% and 75% 
percentile) in case of asymmetric data distribution. 
These values are presented in the figures and text. 

RESULTS
The state of lipid metabolism in patients with arterial 
hypertension depended on the A1166C polymorphism.

Analyzing the lipid status, we found the presence of 
pathological changes in lipid metabolism in all patients 
with AH, but in patients with the CC genotype compared 
with carriers of the AA genotype of the A1166C gene, 
lipid homeostasis disorders were more profound, as 
evidenced by a statistically significant increase in the 
levels of GCL, TG, VLDL, LDL. There was a tendency to a 
greater increase in all atherogenic blood fractions in the 
group of patients carrying the CC genotype compared 
with carriers of the AA genotype of the AGTR1 gene.

When analyzing the lipid profile of patients with 
arterial hypertension, higher cholesterol values were 
noted in all groups compared to controls.

All indicators were distributed according to a non-
normal distribution law, so all their numerical values 

Fig. 1. Changes in general choles-
terol level in patients with arterial 
hypertension depending on the 
polymorphism of the A1166C gene 
receptor of the of AA, AC and CC 
type carriers.
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are presented in the form of medians and quartiles 
in the form of Me (IQR). Based on the results of the 
comparative analysis presented in Fig. 1, it can be 
concluded that a statistically significant difference 
for total cholesterol is observed when comparing the 
control group (C) (Me (IQR) 4.1 (4.1; 4.2)) and the groups 
of patients with arterial hypertension of AA carriers (Me 
(IQR) 5.1 (5.1; 5.2)), AC (Me (IQR) 6.8 (6.7; 6.8)) and CC 
genotype Me (IQR) 7.7 (7.7; 7.8)) of the A1166C gene, 
statistically significant differences were found with 
significance levels of p<0.001.

Our studies have shown that the level of general 
cholesterol in carriers of the homozygous AA genotype 
(n=18) is 1.23 times higher than in the control group 
(n=30). In patients with the AC genotype (n=38), the gen-
eral cholesterol level was 1.68 times higher than in the 
control group. The most significant increase in the study 
index was recorded in patients with the CC genotype 
(n=30). In these patients, the level of general cholesterol 
was 2.14 times higher than in the control group.

Our next task was to analyze the value of triglycerols. 
TG had a similar trend to general cholesterol in the 
group of carriers of the CC genotype of the AGTR1 
gene and was statistically significantly higher than in 
the group of carriers of the AA genotype.

According to the results of the comparative analysis 
shown in Fig. 2, it can be concluded that a statistically 
significant difference for triglycerols is observed when 
comparing the control group (C) (Me (IQR) 1.0 (0.9; 
1.0)) and groups of patients with hypertension with AA 

(Me (IQR) 1.2 (0; 0)), AC (Me (IQR) 2.7 (2.7; 2.7)) and CC 
genotype Me (IQR) 3.0 (2.9; 3.0)) of the A1166C gene, 
statistically significant differences were found with 
significance levels of p<0.001.

According to the results of the comparative analysis 
shown in Fig. 3, it can be concluded that a statistically 
significant difference for LDL was observed when 
comparing the control group (C) (Me (IQR) 2.7 (2.6; 2.7)) 
and the groups of patients with hypertension of AA 
carriers (Me (IQR) 3.6 (0; 0)), AC (Me (IQR) 5.1 (5.1; 5.2)) 
and CC genotype Me (IQR) 5.4 (5.4; 5.5)) of the A1166C 
gene, statistically significant differences were found 
with significance levels of p<0.001.

The level of low-density lipoprotein (LDL) in patients 
with arterial hypertension with the CC genotype was 
5.43 ± 0.03 mmol/L versus 3.66 ± 0.02 mmol/L in the 
group with AA genotype carriers.

We observed a similar trend in changes in VLDL 
content in patients with the CC genotype. 

According to the results of the comparative analysis 
shown in Fig. 4, it can be concluded that a statistically 
significant difference for VLDL is observed when 
comparing the control group (C) (Me (IQR) 0.2 (0.2; 0.3)) 
and the groups of patients with hypertension of AA 
carriers (Me (IQR) 0.5 (0; 0)), AC (Me (IQR) 0.8 (0.8; 0.9)) 
and CC genotype Me (IQR) 1.7 (1.6; 1.8)) of the A1166C 
gene, statistically significant differences were found 
with significance levels of p<0.001.

Our studies have shown that the VLDL content 
in carriers of the homozygous AA genotype (n=18) 

Fig. 2. Changes in triglycerol con-
tent in patients with hypertension 
depending on the polymorphism of 
the A1166C gene receptor of AA, AC 
and CC type carriers.
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3.2 times in patients with CC genotype was observed 
relative to AA genotype carriers.

Regarding the level of HDL as an antiatherogenic 
factor, in the group of carriers of the CC genotype of the 
A1166C gene, this indicator was statistically significantly 
lower and amounted to 0.59 ± 0.12 mmol/l compared 
to the group with carriers of the AA genotype of 0.99 
± 0.03 mmol/l (Fig. 5). The decrease in HDL against the 

differed from the patients of the control group and was 
1.96 times higher. In patients with the AC genotype 
(n=38), the VLDL content was 3.14 times higher than in 
the control group (n=30). The most significant increase 
in the studied index was recorded in patients with the 
CC genotype (n=30). In these patients, VLDL content 
was 6.29 times higher than in the control group. A 
statistically significant increase in this indicator by 

Fig. 3. Changes in low-density 
lipoprotein (LDL) content in pa-
tients with arterial hypertension 
depending on the polymorphism 
of the A1166C gene receptor of AA, 
AC and CC type carriers.

Fig. 4. Changes in the content of 
very low-density lipoprotein (VLDL) 
in patients with hypertension 
depending on the polymorphism  
of the A1166C gene receptor of AA, 
AC and CC type carriers.



Changes in lipid profile parameters depending on the a1166c polymorphism of the angiotensin II type I receptor gene...

1559

II and increased production of aldosterone, which 
is involved in the development of hypertension, 
endothelial dysfunction and fibrosis of cardiovascular 
tissue, remodeling, inflammation and oxidative stress 
[14, 15, 16].

Abdollahi M. (2007) described a new approach to the 
quantitative evaluation of transcriptional haplotypes of 
the AGTR1 gene [8]. According to his data, there were 
no significant differences in mRNA levels for rs5182: C 
> T alleles, but allele haplotypes and mRNA carrying 
A1166C showed a reduced widespreadness. The 
effect was much greater in СС homozygotes than in 
heterozygotes. It was also confirmed that the promoter 
region is located in a separate haplotype block from the 
3’-region of AGTR1 containing rs5182: C > T and rs5186: 
A > C. The associations with metabolic syndrome 
symptoms were strongest for the 3’-block in general 
and for the C allele of rs5186: A > C allele, specifically 
[17]. All effects were expressed in homozygotes, 
possibly reproducing the mutual interaction through 
mRNA regulation feedback loops. 

P. Palatini and colleagues (2009) studied the 
polymorphism of the A1166C gene AGTR1 for the 
frequency of arterial hypertension and metabolic 
syndrome in young patients with hypertension 
and found that this polymorphism is a predictor of 
hypertension and metabolic syndrome in the European 
population. Carriers of the C allele were more likely to 
develop resistant hypertension, and patients with the 
CC genotype had a 60 % increased risk compared with 

background of increased LDL and VLDL in patients 
with arterial hypertension contributes to the formation 
of secondary IV type dyslipidemia according to the 
classification of D.S. Fredrickson [12].

According to the results of the comparative analysis 
presented in Fig. 5, it can be concluded that a 
statistically significant difference for HDL is observed 
when comparing the control group (C) (Me (IQR) 1.2 
(1.1; 1.2)) and the groups of patients with hypertension 
with AA (Me (IQR) 0.9 (0.9; 1.0)), AC (Me (IQR) 0.7 (0.7; 
0.8)) and CC genotype Me (IQR) 0.5 (0.5; 0.7)) of the 
A1166C gene, statistically significant differences were 
found with significance levels of p<0.001.

DISCUSSION 
Many of the direct effects of angiotensin II (e.g., 
vasoconstriction) are realized through AGTR1. 
Stimulation of AGTR1 also activates membrane-
binding H oxidase, which leads to the formation of 
reactive oxygen species. A number of authors describe 
that in almost all organ systems, activation of RAAS is 
associated with regeneration, remodeling, and tissue 
dysfunction, which are probably secondary to reactive 
oxygen species. All of this, when chronically activated, 
will contribute to inflammation, atherosclerosis, 
thrombosis and fibrogenesis in the vessels [13]. 
According to Lastra-Lastra G., the role of RAAS in the 
development of cardiovascular pathology is probably 
mediated by activation of I type receptor of angiotensin 

Fig. 5. Changes in the content of 
high-density lipoprotein (HDL) 
in patients with hypertension 
depending on the polymorphism 
of the A1166C gene receptor of AA, 
AC and CC type carriers.
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of the AGTR1 gene is involved in the pathogenesis of 
these conditions. It is likely that activation of RAAS in 
adipose tissue may be a link between obesity, AH and 
MS [20, 21]. The authors propose to consider the AGTR1 
gene polymorphism (A1166C) as a possible marker of 
the severity and development of  arterial hypertension. 
Our data match with those of these researchers. We 
have found a significant increase in all atherogenic lipid 
parameters (general cholesterol, trislycerides, LDL and 
VLDL) against the background of a decrease in HDL in 
patients with AH. 

CONCLUSIONS
A statistically significant increase in all atherogenic 
lipid parameters of the lipidogram of patients with 
arterial hypertension and a worsening of dyslipidemia 
in carriers of the CC genotype compared with carriers 
of the AA genotype of the AGTR1 gene were found, 
which suggests that carriers of the CC genotype are 
predictors of dyslipidemia.

patients with the AA genotype. At the beginning of the 
study, the authors noted higher fasting glucose levels, 
a significant increase in triglycerides, overweight, and 
other clinical signs of insulin resistance and hypertension 
in patients with the CC genotype. These results provide 
insight into the mechanisms that link obesity, arterial 
hypertension, and other features, and indicate that the 
polymorphism of the AGTR1 gene is involved in the 
pathogenesis of these clinical conditions. The authors 
propose to consider the polymorphism of the A1166C 
gene AGTR1 as a possible marker of the severity and 
development of arterial hypertension [18, 19]. Carriers 
of the C-allele also had an increased risk of MS, which 
is partly explained by a tendency to weight gain, but 
the occurrence of  arterial hypertension was associated 
not only with the development of MS. The authors note 
that patients with the CC genotype at the beginning 
of the study had higher fasting glucose, significantly 
higher triglycerides, and were overweight. Their findings 
provide insight into the mechanisms linking obesity, 
hypertension, and MS, indicating that the polymorphism 
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INTRODUCTION
Ablative and excisional treatment represent the two 
forms of outpatient surgical treatment of low- and 
high grade squamous intraepithelial lesion (LSIL, HSIL). 
LSIL covers the condition previously known as cervical 
intraepithelial neoplasia grades 1 (CIN 1) and HSIL 
covers the conditions known as cervical intraepithelial 
neoplasia grades 2 and 3 (CIN 2 and CIN 3)

While ablative methods destroy the affected cervical 
tissue, excisional methods remove the affected tissue 
and provide preparation for histological examination 
[1]. Ablative methods include cryotherapy, laser abla-
tion, electrocoagulation and cold coagulation [2 – 12].

Excisional methods include scalpel conization, elec-
troconization (loop electrosurgical conization), elec-
trosurgical excision procedures - loop electrosurgical 

excision procedure or large loop excision of the trans-
formation zone (LEEP or LLETZ), laser conization and 
electrosurgical needle conization. LEEP uses wire loop 
electrodes and electrosurgical cylindrical excision with 
long-armed loop electrodes to remove cells and tissue) 
and this is the most common technique for outpatient 
treatment of LSIL and HSIL [13 – 18]. 

The most common excisional methods are laser cone 
biopsy and LLETZ. Excisional techniques offer the fol-
lowing advantages: they provide histological material 
for pathological evaluation and determine the extent of 
the disease; in many cases, they are not only a diagnos-
tic method but curative, and are performed with local 
analgesia. LLETZ has become the standard-of-care for 
cervical premalignant lesions in many clinics. Because 
it preserves the reproductive function of the cervix, it 

Prognostic factors for low- and high grade squamous 
intraepithelial lesions in histological preparations  
following LLETZ procedure
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ABSTRACT
Aim: To investigate the influence of the following prognostic factors: age, parity, hormonal status (premenopausal, postmenopausal), histological result from 
targeted biopsy (LSIL, HSIL), adequacy of colposcopic examination (satisfactory, unsatisfactory colposcopy), type of TZ (type 1, 2, 3), type of cervical lesions 
(type 1, 2, 3), the colposcopic impression (diagnosis) of the cervical lesion (LSIL, HSIL/Ca colli uteri in situ), lesion size (up to 1/3; up to 2/3; more than 2/3 of 
the cervical circumference) for the occurrence of LSIL and HSIL/Ca colli uteri in situ in the final histological result after LLETZ procedure.
Materials and Methods: This is a prospective study (01.01.2017 – 31.07. 2021) including 189 patients with cervical precancerous lesions received LLETZ 
treatment One gynaecologic oncologist performed video colposcopy, targeted biopsy, and LLETZ. One histopathologist diagnosed histological specimens from 
the biopsy and LLETZ procedure
Results: We found a statistically significant correlation between the histological result of the targeted biopsy factor and the colposcopic diagnosis factor 
concerning the final histological result of LLETZ. The cervical lesion size factor and cervical lesion type factor have prognostic significance for the histological 
outcome following LLETZ.
Conclusions: The histological result of targeted biopsy and colposcopic diagnosis are significant factors for the final histological result after LLETZ. Cervical 
lesion invasion into the endocervical canal is a prognostic factor for HSIL, and its invisible borders – for carcinoma (in situ or microinvasive/invasive). Lesion 
size up to 1/3 of the cervix is a prognostic factor for LSIL and large lesions (2/3 of the cervix) – for HSIL and cervical cancer (in situ, microinvasive/invasive).

	� KEY WORDS: prognostic factors, HSIL, LSIL, LLETZ
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is suitable for patients who wish to retain fertility [19]. 
One drawback of LLETZ is the potential for thermal 
damage to the resection lines. This occurs due to the 
simultaneous use of coagulation and cutting modes 
during LLETZ. 

In some cases, this can result in uncertainty for the his-
topathologist regarding the resection-line involvement 
in the dysplastic process. Both ablative and excisional 
methods are similarly effective – approximately 90% 
elimination of CIN lesions and reducing the risk of fu-
ture invasive cervical cancer [1]. The choice of ablation 
versus excision is based on many factors, such as the 
severity of the disease, visibility of the squamocolum-
nar junction (SCJ), lesion size, and gland involvement. 
Excisional treatment is recommended when a glandular 
or invasive squamous lesion is suspected or when the 

patient does not meet the criteria for ablative therapy. 
Indications for excisional therapy are: suspected micro-
invasion, unsatisfactory colposcopy (the transformation 
zone is not fully visualized), lesion extending into the 
endocervical canal (including LSIL), endocervical curet-
tage showing CIN or glandular atypia, lack of correlation 
between cytology, colposcopy, and biopsy, suspected 
adenocarcinoma in situ, recurrence after an ablative or 
previous excisional procedure.    

A correlation is not always present between the his-
tological findings from the targeted biopsy and that in 
the LLETZ preparation, nor between the colposcopic 
impression and the final histological result. 

AIM
To investigate the influence of the following prognostic 
factors: age, parity, hormonal status (premenopausal, 
postmenopausal), histological result from targeted bi-
opsy (LSIL, HSIL), adequacy of colposcopic examination 
(satisfactory, unsatisfactory colposcopy), type of TZ 
(type 1, 2, 3), type of cervical lesions (type 1, 2, 3), the 
colposcopic impression (diagnosis) of the cervical lesion 
(LSIL, HSIL/Ca colli uteri in situ), lesion size (up to 1/3; 
up to 2/3; more than 2/3 of the cervical circumference) 
for the occurrence of LSIL and HSIL/Ca colli uteri in situ 
in the final histological result after LLETZ procedure.

MATERIALS AND METHODS

STUDY POPULATION 
This is a prospective study (01.01.2017 – 31.07. 2021) 
including 189 patients with cervical precancerous le-
sions received LLETZ treatment at Prof. Yavor Kornovski 
Medical Centre in an outpatient setting.

The indications for the LLETZ procedure are: histologi-
cally proven by targeted biopsy under video colposcop-
ic control HSIL and LSIL, which colposcopically enters 
the cervical canal and its distal border is not visualized. 
The clinicopathological features of the patients are 
shown in Table 1.

The mean age of the patients is 37.06 ± 8.12 years 
ranging between 21 and 66.

METHODOLOGY 

VIDEOCOLPOSCOPY
It was performed on all patients by one specialist 
with additional qualification in colposcopy. An Alyn 
Welch device was used until Feb. 10th, 2020, and then 
a Leisegang video colposcope with original software 
and monitor, model 2020. The examination was per-

Table 1. The characteristics of patients included in the study
Patients’ characteristics N %

Total 189 100.0

Age groups

20-29 35 18.5

30-39 85 45

40-49 60 31.7

50-59 8 4.2

60-69 1 0.5

Parity

Nulliparous 45 23.8

Parous 144 76.2

Menstrual status

Menstrual 177 93.7

Menopausal 12 6.3

Adequacy of colposcopy 

Satisfactory 69 36.5

Unsatisfactory
Type of TZ 120 63.5

Type 1
Type 2
Type 3

7
37

145

3.7
19.6
76.7

Colposcopic diagnosis

LSIL 47 24.9

HSIL 142 75.1

Cervical lesion size 41 7.9

Up to 1/3
To 2/3

Up to 2/3

147
38
4

77.8
20.1
2.1

Histological result of the biopsy

LSIL 57 30.2

HSIL 117 61.9

Not performed 15 7.9
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formed after treatment of the cervix with 5% acetic acid 
solution, prepared every 2 days, and Lugol’s solution, 
replaced every month. The colposcopic examination of 
each patient was saved, documented, and archived in 
the medical centre’s patient database. 

The colposcopic examination provides information 
on: adequacy (colposcopy is satisfactory and unsatis-
factory); type of TZ; type of cervical lesion (its location 
relative to the exo- and endocervix); colposcopic diag-
nosis and cervical lesion size.
•	� Colposcopy is satisfactory if the junction between 

the squamous epithelium and the columnar epi-
thelium (a line called the SCJ) is fully visible, and 
unsatisfactory if SCJ is partially visible or invisible; 

•	� Type of TZ (the SCJ is on the ectocervix – type 1; the 
SCJ is in the cervical canal but visible – type 2; and 
the SCJ is in the cervical canal and invisible – type 3);

•	� Type of cervical lesion – located entirely on the ec-
tocervix – type 1; the distal end of the lesion is on 
the endocervix but is visible – type 2; the distal end 
of the lesion is invisible – type 3; 

•	� Colposcopic diagnosis (colposcopic impression) 
– LSIL/grade 1 colposcopic findings; HSIL/grade 2 
colposcopic findings;

•	� Lesion size relative to its involvement of the cervical 
circumference – up to 1/3; up to 2/3; over 2/3.

HISTOLOGICAL EXAMINATION
Histological examination of previously taken biopsy 
A biopsy is taken with biopsy forceps from the most 
affected area without anaesthesia under video col-
poscopic control. It is performed by the same gynae-
cologic oncologist who performed the colposcopies. 
Bleeding is controlled by gauze-based pressure, with a 
pack soaked in Monsel’s solution, by surgical insertion 

and, as a last resort, by tamponade with a sterile roll 
gauze for several hours or one day. The histological 
preparation is placed in a 10% formalin solution.The 
histological result is reported as LSIL and HSIL.

Histological examination of the specimen after 
LLETZ procedure
Performed by the same highly qualified pathologist 
who examined the biopsy material.

LLETZ PROCEDURE
The procedure was performed by the same gynaecologic 
oncologist who performed the biopsy under local infiltra-
tion anaesthesia with lidocaine. SURTRON electrosurgical 
apparatus was used (cutting mode: cutting – 100W, and 
coagulation – 60W; coagulation mode – SOFT 100W 
60W), and smoke evacuation apparatus (Fig.1).

STATISTICAL METHODS
Data were entered and processed with IBM SPSS Statis-
tics 25.0. and MedCalc Version 19.6.3 statistical package. 
The level of significance for rejecting the null hypothesis 
was established as p < 0.05.

RESULTS
The histological results after the LLETZ procedure are: 
LSIL in 60 patients (31.75%); HSIL in 108 (57.14%); In 
situ cervical cancer in 14 (7.41%); microinvasive cervical 
cancer in 7(3.7%).

The correlation between patients’ age and the histolog-
ical outcome after LLETZ procedure is shown in Table 2.

The results presented in this table demonstrate no 
significant correlation between age and histological 

Fig. 1. A) Types of loop and ball electrodes for coagulation; B) Electrosurgical apparatus for cutting and coagulation.
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outcome after LLETZ. The group with microinvasive 
cervical cancer did not participate in the analysis due 
to the lack of statistical representativeness.

Table 3 examines the influence of the following fac-
tors: parity, hormonal status, histological biopsy result, 
adequacy of colposcopic examination, and colposcopic 

diagnosis (impression) on the final histological result 
after LLETZ procedure.

We found a statistically significant correlation between 
the factors targeted biopsy histological results and colpo-
scopic diagnosis on the final histological result of LLETZ. We 
did not find a statistically significant correlation with the 

Table 2. Analysis of the correlation between patient’s age and the histological outcome after LLETZ (ANOVA, df = 2, F = 0.618, p = 0.540)
Histological result after LLETZ procedure Age (years)

n X¯ SD

LSIL 60 37.65 8.09

HSIL 108 36.25 8.07

In situ cervical cancer 14 37.21 6.34

Microinvasive cervical cancer* 7 44.29 9.98

* The category was not included in the analysis due to a lack of statistical representativeness.

Table 3. Analysis of the correlation between the histological results after LLETZ and the indicators parity, hormonal status, histological result from targeted 
biopsy, adequacy of the colposcopic examination and colposcopic diagnosis

Indicators Frequency

Histological result after LLETZ procedure Р

1.
LSIL 

2.
HSIL 

3.  
In situ cervical 

cancer

4.  
Microinvasive 
cervical cancer

1-2 1-3 1-4 2-3 2-4 3-4

Parity

Parous
n 49 76 13 6

0.155
% 81.7 70.4 92.9 85.7

Non-parous
n 11 32 1 1

% 18.3 29.6 7.1 14.3

Hormonal status

Perimenopause
n 57 100 14 6

0.471
% 95.0 92.6 100.0 85.7

Postmenopause
n 3 8 0 1

% 5.0 7.4 0.0 14.3

Histological result from targeted biopsy

LSIL
n 46 11 0 0

< 
0.001

< 
0.001

< 
0.001 0.357 1.000 -

% 82.1 a 11.1 b 0.0 c 0.0 c

HSIL
n 10 88 13 6

% 17.9 a 88.9 b 100.0 c 100.0 c

Adequacy of colposcopic examination

Satisfactory
n 42 65 9 4

0.611
% 70.0 60.2 64.3 57.1

Unsatisfactory
n 18 43 5 3

% 30.0 39.8 35.7 42.9

Colposcopic diagnosis

LSIL
n 43 4 0 0

% 71.7 a 3.7 b 0.0 c 0.0 c < 
0.001

< 
0.001

< 
0.001 1.000 1.000 -

HSIL
n 17 104 14 7

% 28.3 a 96.3 b 100.0 c 100.0 c

The same letters in the horizontal lines indicate the absence of a significant difference, and the different ones – the presence of a significant difference (p < 0.05).
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Menopause as a factor influences the occurrence 
of colposcopic and cytological changes in the cervix. 
In menopause, as a result of estrogen deficiency, the 
SCJshifts into the cervical canal, making colposcopic ex-
amination often unsatisfactory [23]. In addition, chronic 
inflammation, reactive atypia, and atrophy occur, which 
may mask severe precancerous changes and even micro-
invasive carcinoma. In menopausal patients, cytology 
can also be misleading. Atrophic vaginal mucosa is dom-
inated by basal and parabasal cells that have an altered 
nuclear-cytoplasmic index, leading to false-positive Pap 
test results. In these cases, it is appropriate to test for 
high-risk human papilloma virus(HPV) strains as well 
before deciding on excisional biopsy (LLETZ). Moore et 
al. found that 30% of their study patients over 50 years 
had unsatisfactory colposcopy, and 50% showed a dis-
crepancy between cytology and colposcopic diagnosis. 
The authors recommended LLETZ without a correlation 
between cytology and colposcopy-guided biopsy [24].

histological outcome after LLETZ procedure for the other 
three indicators: parity, hormonal status and adequacy of 
colposcopic examination.

Table 4 shows the correlation between the histological 
outcome after LLETZ procedure and indicators such as trans-
formation zone type, cervical lesion type and lesion size.

Data in Table 4 show that the cervical lesion size and 
cervical lesion type indicators have prognostic signifi-
cance for the histological outcome after LLETZ.

DISCUSSION
Age is an essential factor contributing to the occurrence of 
high-grade precancerous changes in the cervix. The risk of 
their occurrence increases 4.5 and 11 times after the age 
of 30 and 50 years, respectively [20]. Chen et al. found in-
creased risk in patients older than 45 years [21]. Conversely, 
some publications point out that age younger than 35 is 
associated with a higher risk for high-grade lesions [22].

Table 4. Analysis of the relationship between the histological result after LLETZ and the parameters of the ZT (zone of transformation) types, cervical 
lesion type and lesion size

Indicators Frequency

Histological result after LLETZ procedure Р

1.
LSIL 

2.
HSIL 

3. 
In situ cervical 

cancer

4. 
Microinvasive 
cervical cancer

1 - 2 1 - 3 1 - 4 2 - 3 2 - 4 3 - 4

 Zone of transformation (ZT)

Type 1
n 42 65 9 4

0.486

% 70.0 60.2 64.3 57.1

Type 2
n 4 20 2 1

% 6.7 18.5 14.3 14.3

Type 3
n 14 23 3 2

% 23.3 21.3 21.4 28.6

Type of cervical lesion

Type 1
n 0 6 1 0

0.063 0.039 - 0.822 0.522 0.481
% 0.0 a 5.6 ac 7.1 bc 0.0 ac

Type 2
n 0 35 1 1 < 

0.001 0.039 0.003 0.052 0.319 0.605
% 0.0 a 32.4 b 7.1 b 14.3 b

Type 3
n 60 67 12 6 < 

0.001 0.003 0.003 0.082 0.209 1.000
% 100.0 a 62.0 b 85.7 b 85.7 b

Lesion size

Up to 1/3
n 54 82 9 2

0.445 0.016 < 
0.001 0.350 0.006 0.132

% 90.0 a 75.9 ac 64.3 bcd 28.6 bd

2/3
n 5 24 5 4

0.023 0.007 < 
0.001 0.266 0.038 0.362

% 8.3 a 22.2 b 35.7 bd 57.1 cd

Over 2/3
n 1 2 0 1

0.926 0.626 0.067 0.604 0.049 0.157
% 1.7 ac 1.9 a 0.0 ac 14.3 bc

The same letters in the horizontal lines indicate the absence of a significant difference, and the different ones - the presence of a significant difference (p < 0.05).
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cytology, which is one of the indications for an exci-
sional procedure.

Table 3 demonstrates that the size of the precancerous 
area has a prognostic significance for the histological out-
come after LLETZ. Low-grade lesions are more common 
in small cervical lesions (up to 1/3 of cervical size), with 
54/60 (90%) of LSILs being less than 1/3 of the cervical 
size. On the other hand, cervical lesions occupying 2/3 of 
the cervix were found to be HSIL, in situ cervical cancer, 
and microinasive/invasive cervical cancer in 33/38 (87%). 
The association between cervical lesion size (more than 
2/3 of the cervical circumference) and HSIL histological 
score has been established by other researchers as well.

CONCLUSIONS
Histological results of targeted biopsy and colposcopic 
diagnosis are significant indicators for the final his-
tological results after LLETZ. Cervical lesion invasion 
into the endocervical canal is a prognostic factor for 
HSIL and its invisible borders – for carcinoma (in situ 
or microinvasive/invasive). Lesion size up to 1/3 of the 
cervix is a prognostic factor for LSIL and large lesions 
(2/3 of the cervix) – for HSIL and cetrvical cancer (in situ, 
microinvasive/invasive).

Childbirth as a factor in the occurrence of cervical 
precancerous lesions is also of interest. The causes 
are found in changes in the SCJ after vaginal delivery. 
In nulliparous women and those who delivered by 
caesarean section, the cervix and cervical canal were 
not subjected to trauma, respectively, to a change in 
this junction. In a study of HIV-positive patients, it was 
suggested that nulliparous women had a higher risk of 
developing CIN [25]. 

We conventionally divide cervical lesions into 3 types: 
type 1 – located on the exocervix, fully visible; type 2 – 
intruding into the cervical canal (endocervix) but with 
visible borders; type 3 – entering into the cervical canal, 
with invisible borders. Table 3 shows that HSIL was found 
in type 2 cervical lesions in 35/37 cases (95%). Therefore, 
the involvement of the endocervix/endocervical glands 
is a prognostic marker for a high-grade lesion.

In cervical type 3 lesions, 18/21(86%) cases of 
carcinomas (in situ, microinvasive/invasive) were 
diagnosed. In these cases, the LLETZ procedure was 
performed mainly for diagnostic purposes – detect-
ing invasion or microinvasion. This is often necessary 
because of atrophy in menopause or due to a process 
developing in the endocervical canal. Then, there is a 
discrepancy between the colposcopic findings and 
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INTRODUCTION
More and more frequently, cases involving the use of 
firearms become the subjects of forensic investigations 
worldwide, occurring in civilian life as well as armed 
conflicts that constantly erupt in various parts of the 
globe. Additionally, firearms undergo constant mod-
ernization and improvement, often involving classified 
developments in the armaments sector of various 
countries. This, in turn, necessitates the development 
of new methods for diagnosing gunshot injuries caused 
by various types of firearms.

On the one hand, in the theory of forensic medicine, 
standardized approaches to examining such injuries 
have already been developed. Therefore, as of today, the 
results of forensic examination must provide answers to 
a series of fundamental questions: whether the injury 
is gunshot-related, the type of firearm used, and the 
distance from which it was fired, the locations of the 
entrance and exit gunshot wounds, the direction of the 
wound channel, the relative positions of the shooter 

and the victim, and so on. In a whole range of cases, the 
knowledge accumulated in forensic medicine over the 
entire period of studying gunshot injuries is sufficient 
to prepare positive responses to these questions for 
investigative and judicial authorities.

However, on the other hand, the performance of such fo-
rensic examinations encounters objective difficulties due to 
the use of new, unfamiliar types of firearms. In this context, 
traditional methodologies may not always ensure a com-
prehensive and objective determination of the individual 
identifying morphological features of the fired projectile.

Therefore, the logical and sequential solution for fo-
rensic medicine scientists was the pursuit of modern, 
high-precision research methods that would effectively 
address these new challenges.

One of the most promising directions in this field is 
considered to be the implementation of 3D modeling 
of bodily injuries caused by blunt, sharp, and firearms 
factors. Photogrammetry of such injuries has yielded 
significantly more precise and well-founded results [1].

Introduction of the modern 3d modeling method into the 
theory and practice of forensic medicine ballistics, caused 
by gunshot wounds inflicted by firearms with 9mm caliber 
ammunition

Yulia Zmievska, Ivan Savka
BUKOVINIAN STATE MEDICAL UNIVERSITY, CHERNIVTSI, UKRAINE

ABSTRACT
Aim: To explore the capabilities of the modern 3D modeling method for various elements of gunshot wounds caused by 9 mm caliber bullets, intending to 
integrate these findings into the theory and practice of forensic medicine.
Materials and Methods: The research began with a series of experimental shots, during which the morphological features were examined through their 3D 
spatial reconstruction. The entire series of experimental shots was conducted using an automatic pistol IZH 70-01 equipped with 9.0 mm caliber bullets. The 
ballistic clay Roma Plastilina No.1, manufactured in the USA, was utilized as a material for conducting standard ballistic tests according to the standards of the 
NIJ (National Institute of Justice) and HOSDB (Home Office Scientific Development Branch).
Results: The research was continued during the performance of forensic examinations involving actual cases of gunshot injuries. The dimensions of individual 
elements of the wound channel were measured in both experimental and expert cases using conventional measuring tools, as well as after their 3D modeling, 
utilizing graphic editors such as “Agisoft Photoscan” and “3ds max”.
Conclusions: In the course of creating and studying experimental and expert 3D models, the dimensions of individual morphological elements of the wound 
channel were recorded with an accuracy that exceeded the results obtained through measurements using traditional measurement methods by ten times.
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Other researchers have assessed the effectiveness of 
studying gunshot injuries using traditional methods 
such as radiological and ultrasonic techniques. They 
unequivocally favored more advanced computer 
tomography, which enables the reproduction of the 
wound channel in its 3D spatial dimension [2].

Researchers have also demonstrated the high ef-
fectiveness of studying gunshot injuries to the skin, 
internal organs, and bones through their 3D modeling 
in living individuals and corpses during post-mortem 
examinations [3].

Some researchers point to the efficiency of the 3D 
modeling method in the identification of bullets by 
examining their traces at the micro level [4].

Additionally, the application of this method in com-
puter modeling of damage to protective helmets and 
their comparison with gunshot injuries in the head 
region is noteworthy for reproducing the real circum-
stances of acquiring combat gunshot trauma [5].

AIM
Taking this into account, the primary aim of the re-
search was to explore the capabilities of the modern 
3D modeling method for various elements of gunshot 
injuries, illustrated through experimental and expert 
cases caused by 9mm caliber ammunition.

MATERIALS AND METHODS
These researches were carried out in agreement with 
the basic bioethical principles of the Council of Europe 
Convention on Human Rights and Biomedicine (dated 
04.04.1997), the Helsinki Declaration of the World Med-
ical Association on the Ethical Principles of Scientific 
Medical Research with Human Participation (1964-
2013), the Order of the Ministry of Health of Ukraine №6 
“Instruction on forensic-medical examination” (dated 
January 17, 1995), the Order of the Ministry of Health of 
Ukraine №690 (dated September 23, 2009), and taking 
into account the methodological recommendations of 
the Ministry of Health of Ukraine “Procedure of exemp-
tion of biological objects from dead persons whose 
bodies are subject to forensic medical examination 
and pathological examination for scientific purposes” 
(2018). The Committee on Biomedical Ethics of the 
Bukovinian State Medical University did not reveal 
any violations of moral and legal norms during these 
scientific researches (Protocol No1 dated 21.09.2023).

The series of experiments were conducted at the 
Chernivtsi Scientific Research Expert-Criminalistic Cen-
ter, equipped with the projectile flight speed recorder 
VBХ-2020. An example of a firearm used in the experi-
ments was the IZH 70-01 automatic pistol loaded with 
9.0 mm caliber ammunition. Targets were covered with 
pigskin, including the subcutaneous adipose layer, and 
were placed at a distance of 1.5 meters from the muzzle 
of the firearm. As a target, ballistic clay Roma Plastilina 
No.1, produced in the USA for conducting stand ballistic 
tests according to the standards of the National Institute 

Fig. 1. Gunshot injury of the skin, caliber 9,0 mm.

Fig. 2. Gunshot injury of the subcutaneous tissue, caliber 9,0 mm.
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of Justice (NIJ) and Home Office Scientific Development 
Branch (HOSDB), was used. This ballistic clay, due to 
its physical and technical characteristics, accurately 
reproduces the soft tissues of the human body (skin, 
subcutaneous adipose tissue, muscles, parenchymal 
organs), especially when heated to a temperature of 
35-38 °C.

After the shots were fired, digital photographs of 
the injuries on the skin, subcutaneous adipose tissue, 
and the plastiline block at the entry and exit points of 
the bullet were taken. Subsequently, all elements of 
the gunshot injuries were measured using traditional 
methods for investigating linear dimensions of objects 
– rulers and calipers. Circular photogrammetry of the 
entrance wound and subcutaneous adipose tissue was 
then carried out at different angles: 30°, 45°, 60°, and 
90°. For this purpose, the skin fragment with the injury 
was placed on a turntable with a white background and 
additional lighting provided by spherical LED lamps 
(Fig. 1 and Fig. 2).

The next step involved uploading all the JPEG format 
photos into the computer program “Agisoft Photoscan”. 
In this program, 3D models were constructed, and then 
textures were created, resulting in a textured 3D model 
of the entrance wound in the skin and subcutaneous 
adipose tissue. These textured models were exported 
in “OBJ” format to the “3ds max” program, where scaling 
and measurements of the wound dimensions were 
performed.

In the process of progressively investigating the 
wound channel, the next step was to create its volu-
metric cast in a ballistic clay block. For this purpose, we 
utilized alginate material Tropicalgin (by “Zhermack”, 

Italy), prepared according to the manufacturer’s rec-
ommended instructions. This material is characterized 
by high precision in capturing object impressions and 
allows for the reproduction of the finest details of the 
wound channel. After pouring, solidifying, and cleaning 
the material from clay, a clear sample of the wound 
channel was obtained. It represented an accurate repli-
ca made from the alginate material, which underwent 
photography, photogrammetry, and the creation of a 
3D model using the same methodologies as with the 
skin and subcutaneous adipose tissue (Fig. 3).

The obtained digital data were initially recorded in 
electronic spreadsheets to standardize their input, 
grouping, storage, and computation. Calculations 
and statistical analysis were performed using the 
Statistica 13.5.0.17 software by TIBCO Software Inc. 
(ZZS9990000099100363DEMO-L).

The assessment of the distribution type of the data 
was conducted by determining the measure of central 
tendency between the mean, mode, and median, as 
well as skewness (symmetry) and kurtosis (excess). In 
the computation of statistical values, the following were 
calculated: the sample mean (M), standard deviation 
(SD), standard error of the mean (m), as well as the mini-
mum (min) and maximum (max) values of the variables.

For assessing the strength of relationships, Pearson’s 
correlation analysis was employed. In this context, the 
evaluation of the strength of correlational ties utilized 
a six-level gradation: up to 0.16 – unsatisfactory, 0.17-
0.33 – satisfactory, 0.34-0.50 – below average, 0.51-
0.67 – average, 0.68-0.84 – above average, and greater 
than 0.85 – high. Results were considered statistically 
significant at p<0.05.

Fig. 3. 3D model of the gunshot wound 
canal caused by bullet, caliber 9,0 mm.
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ETHICAL APPROVAL
The research protocol and informed consent form were 
approved by the Commission on Biomedical ethics in 
biomedical scientific research of the Bukovinian State 
Medical University (Protocol No.1 dated 21.09.2023).

RESULTS
The results of all 15 shots, after statistical processing, 
were grouped into three data blocks. The first data 
block provided characteristics of the bullet’s physical 
parameters after the shot and included initial velocity, 
kinetic energy, and specific energy of the bullet. The 
second data block pertained to the morphological 
features of the entrance gunshot wound and was rep-
resented by measurements of the entrance wound 
diameter, measured with traditional measuring tools 
and established during 3D modeling, as well as the 
dimensions of tissue defects and deposition rings. 
The third data block illustrated the morphological 
features of the wound channel, measured at various 
intervals using traditional methods and during its 
3D modeling. All three data blocks were grouped 
into a table and subjected to a comparative analysis 
(Table 1).

The digital data in this table indicate a slight dis-
crepancy between the values of the average initial 
bullet velocity and its specific energy in shots fired 
from the IZH 70-01 automatic pistol, as well as their 
minimum and maximum values. At the same time, 
a somewhat larger range of values was observed in 
the minimum, average, and maximum values of its 
kinetic energy.

As for the morphological features of the wound, 3D 
technologies have enabled the recording of signifi-
cantly more precise average dimensions, as well as 
minimum and maximum values of the entrance wound 
diameter, tissue defect, and the dimensions of the ring 
of deposition and abrasion than previously achieved 
using calipers and rulers.

This also applies to the morphological features of the 
wound channel. The diameters of its middle portion, 
at the exit, and especially in the initial part were deter-
mined with greater precision through 3D modeling and 
the use of computer technologies in determining the 
linear dimensions of the investigated objects.

All described injuries had a perforating nature with 
a wound channel length of 16.0 cm (across the entire 
length of the ballistic gel block), and the skin wounds 
were round in shape with finely serrated edges.

Table 1. Parameters and morphological signs of experimental gunshot injuries caused by the automatic pistol IZH 70-01, caliber 9,0 mm (N=15)

Parameter
Average value and 

mean arithmetic error
(M±m)

Minimum value
(min)

Maximum value
(max)

Standard 
deviation

(S.D.)

1.Physical parameters of the bullet

Initial velocity, m/sec 310±0,9411 304 315 3,6450

Kinetic energy of the bullet, (Joule) 302,732±6,4905 284,641 390,287 25,1378

Specific energy of the bullet, (Joule/mm2) 4,461±0,0277 4,284 4,599 0,1072

2.Morphological signs of the gunshot entry wound

Diameter of the entry wound, cm 0,887±0,0091 0,8 0,9 0,0352

Dimensions of the defect tissue, cm 0,367±0,0187 0,3 0,5 0,0724

Dimensions of the abrasion ring, cm 0,320±0,0175 0,2 0,4 0,0676

Dimensions of the deposition ring, cm 0,380±0,0175 0,3 0,5 0,0676

3. Morphological signs of the gunshot wound canal

Diameter of the wound canal in the initial part, 
cm 0,7±0,0507 0,5 0,9 0,1964

Diameter of the wound canal in the initial part 
(3D modelling), cm 0,9158±0,0090 0,841 0,949 0,0349

Diameter of the wound canal in the middle 
part, cm 1,63±0,0621 1,2 2,1 0,2404

Diameter of the wound canal in the middle 
part (3D modelling), cm 1,655±0,0643 1,215 2,142 0,2490

Diameter of the wound canal in the exit part, 
cm 2,19±0,0636 1,8 2,6 0,2463

Diameter of the wound canal in the exit part 
(3D modelling), cm 2,227±0,0627 1,836 2,638 0,2430
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middle part and at the exit, as the initial velocity and 
specific energy of the bullet increase. The indicators of 
the initial velocity also directly influence the enlarge-
ment of tissue defects and the ring of deposition around 
the entrance wound in cases involving the use of a 9.0 
mm caliber automatic short-barreled weapon.

Other researchers have also utilized 3D modeling of 
firearm injuries caused by short-barreled automatic 
weapons with a 9.0 mm caliber (Luger pistol). They 
observed similar morphological changes that assisted 
them in conducting differential diagnoses from firearms 
of larger calibers [6]. Objective morphological differenc-
es identified through 3D modeling of gunshot wounds 
caused by 9.0 mm firearms, compared to other calibers, 
have been described by other authors as well [7].

The described methodologies were applied by us 
during a forensic examination in the case of a fatal 
injury to the victim from automatic firearms. The body 
of an unidentified person was brought to the morgue 
with a through gunshot wound to the head. During 
the examination, a gunshot wound was found in the 
right temporal region, a perforated fracture of the right 
temporal bone, damage to the brain, and a perforated 
fracture of the left temporal bone.

All elements of the gunshot wound channel were 
measured using standard metric methods, followed 
by circular photogrammetry, and their 3D model was 
created (Table 2). This provided a factual basis for de-
termining the caliber of the unknown firearm – 9.0 mm, 
along with a series of three-dimensional illustrations 
that assisted in the successful investigation of this 
crime later on.

DISCUSSION
The subsequent scientific discussion revolved around 
establishing and analyzing correlational relationships 
between shooting parameters and identified mor-
phological features of individual elements of gunshot 
injuries. Correlational analysis revealed direct aver-
age-strength correlations between the diameter of 
the wound channel at its entrance, determined by 3D 
modeling methods, and the initial velocity of the bullet 
and its specific energy (r=+0.55), with p=0.04.

Strong (high) direct correlations were identified be-
tween the diameters of the wound channel in its middle 
part and the initial velocity of the bullet and its specific 
energy, measured both by traditional methods (r=+0.90 
and r=+0.85) and 3D modeling techniques (r=+0.89 and 
r=+0.85) respectively (p=0.02).

Even stronger direct correlation links were found 
between the diameters of the wound channel at its 
exit and the initial velocity of the bullet and its specific 
energy, measured by both traditional methods (r=+0.94 
and r=+0.89) and 3D modeling techniques (r=+0.94 and 
r=+0.90) respectively (p=0.01).

Average direct correlations were observed between 
the initial velocity of the bullet and tissue defect 
(r=+0.54), as well as between the initial velocity of the 
bullet and the dimensions of the ring of deposition 
(r=+0.55), at p=0.04.

The described direct correlation relationships dis-
cussed may indicate an objective dependence and an 
increase in the dimensions of the diameters of the initial 
section of the wound channel during 3D modeling, 
especially the dimensions of the wound channel in its 

Table 2. Morphological signs of the gunshot injury (forensic medicine case, determined caliber – 9,0 mm)

Part of the wound canal
Dimensions measured 
by traditional means,

centimeters

Dimensions fixed by 3D 
modelling,

centimeters
Additional characteristics

Entry wound 0,87х0,6 0,884х0,603
Presence of the defect tissue,  
abrasion ring up to 0,5 mm,  

margins are fine notched

Buttonhole fracture of the 
right temporal bone  

(external plate)
0,91х0,6 0,914х0,613 Round form with fine notched edges

Buttonhole fracture of the 
right temporal bone  

(internal plate)
1,2х1,0 1,245х1,124 Crater-like form

Injury of the right temporal 
lobe of brain 1,3х1,1 1,343х1,150 Entry

Injury of the left temporal 
lobe of brain 1,5х0,9 1,512х0,934 Exit

Buttonhole fracture of the left 
temporal bone 1,6х0,9 1,628х0,941 Margins are uneven with small fissured 

cracks

Exit wound 1,9х0,5 1,932х0,542 Fissured form, margins without abrasions, 
turned outwards
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new possibilities for visualization, long-term storage, 
and expert analysis.

Example of 3D modeling of gunshot wounds caused by 
automatic firearms with a caliber of 9.0 mm demonstrates new 
directions in the theory and practice of forensic medicine re-
garding the possibilities of conducting differential diagnostics 
between gunshot projectiles of different calibers in the future.

CONCLUSIONS
The implementation of 3D modeling techniques al-
lows for a 10-fold increase in accuracy in capturing 
the morphological features of the main elements 
of gunshot wounds. It enables the creation of 3D 
models of both individual components of gunshot 
injuries and the entire wound channel, opening up 
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INTRODUCTION
Type 2 Diabetes Mellitus (T2DM), a prevalent metabolic 
disorder, results from the interplay of two main factors: 
impaired insulin secretion by pancreatic β-cells and the 
reduced responsiveness of insulin-sensitive tissues to 
insulin [1]. Insulin synthesis, release, and recognition are 
tightly regulated molecular processes that are essential 
for maintaining glucose balance. Any disruptions in 
these mechanisms can lead to metabolic disturbances, 
potentially contributing to the development of certain 
medical conditions [2]. Metformin is extensively em-
ployed as the initial medication for managing type 2 
diabetes (T2D). Acting primarily on the liver, metformin 
effectively reduces hepatic glucose production [3]. 
Metformin helps maintain glucose balance by inhibiting 
gluconeogenesis, encouraging glycolysis, and suppress-
ing glycogenolysis, which is closely linked to increased 
hepatic glucose production (HGP). Furthermore, met-
formin improves insulin sensitivity and lowers abnormal 

lipid levels in individuals with type 2 diabetes (T2D) 
[4-5]. Diet control is a cornerstone of managing T2DM. 
Patients are often advised to adopt a diet that helps 
regulate blood sugar levels. Maintaining a balanced 
intake of carbohydrates, proteins, and healthy fats, 
along with portion control and carbohydrate counting, 
can lead to better blood sugar control. This, in turn, can 
reduce the need for medications or insulin therapy [6]. 
The recommended nutritional therapy for diabetic pa-
tients includes a balanced nutritional calculation from 
carbohydrates, fruits, vegetables, whole grains, nuts, 
and low-fat milk [7]. Measuring diet control in diabetic 
patients is crucial for managing their condition and 
preventing complications. Several ways are used to 
assess and monitor diet control in diabetic individuals 
such as blood glucose monitoring and HbA1c test [8]. 
BMI is a measure of body weight relative to height and 
is commonly used to assess whether an individual is un-
derweight, normal weight, overweight, or obese. Excess 

Diet control and BMI impact on Metformin response in type 2 
Diabetes mellitus patients
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ABSTRACT
Aim: To assess the impact of BMI and diet control on variation in response to metformin monotherapy in Iraqi people with type 2 DM.
Materials and Methods: a cross-sectional study included 150 patients who met specific criteria, such as being between 30 and 70 years old, diagnosed 
with type 2 diabetes, and on a daily dose of 1000 mg metformin as a monotherapy for at least three months. Data collected included body mass index (BMI) 
and glycemic control parameters such as: glycated hemoglobin (HbA1c) levels, fasting blood glucose levels, fasting serum insulin levels, HOMA-IR, and 
insulin sensitivity. The patients according to their metformin response classified into two groups based on HbA1c as following: poor (HbA1c≥6.5% and good 
(HbA1c≤6.5%) responder’s patients.
Results: The statistical analysis suggests that there is no meaningful distinction in glycemic control parameters when comparing good and poor responders 
within specific BMI subgroups and among individuals practicing diet control. However, in a broader context, it is evident that glycemic control parameters tend 
to be lower in patients with lower BMI and those who are following a controlled diet.
Conclusions: The correlation between diet control and BMI with glycemic control in diabetic patients, underscoring the significance of lifestyle adjustments 
in the management of diabetes.
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body weight, especially obesity, is a major risk factor 
for the development of T2DM. High BMI is associated 
with insulin resistance, where the body’s cells do not 
respond effectively to insulin, leading to elevated blood 
sugar levels. Weight loss and maintaining a healthy BMI 
can improve insulin sensitivity and help manage T2DM 
[9]. Both diet control and achieving a healthy BMI can 
improve insulin sensitivity in patients with T2DM. When 
the body’s cells become more responsive to insulin, it 
becomes easier to regulate blood sugar levels. Weight 
loss, in particular, has been shown to have a positive 
impact on insulin sensitivity [10]. In clinical settings, 
it is frequently observed that patients diagnosed with 
type 2 diabetes (T2DM) and given the same antidiabetic 
treatments often exhibit significant variability in their 
capacity to manage blood sugar levels, their HbA1c 
levels, the efficacy of the prescribed medications, their 
ability to tolerate these drugs, and the occurrence of 
adverse side effects [11].

AIM 
To assess the impact of BMI and diet control on variation 
in response to metformin monotherapy in Iraqi people 
with type 2 DM.

MATERIALS AND METHODS 

STUDY DESIGN
A cross-sectional study was conducted between April 
2022 and June 2023, involving a sample of 150 individ-
uals diagnosed with type 2 diabetes mellitus based on 
the 2012 American Diabetes Association criteria. These 
criteria define type 2 diabetes using parameters such 
as HbA1c levels ≥6.5%, fasting plasma glucose (FPG) 
levels ≥126 mg/dl, 2-hour plasma glucose levels ≥200 
mg/dl during an oral glucose tolerance test (OGTT), or 
random plasma glucose levels ≥200 mg/dl. The study 
participants were recruited randomly from the diabetes 
center at Al-Sadar Teaching Hospital in Najaf, Iraq, and 
the study received ethical clearance from the Medical 
Ethics Committee of the Faculty of Medicine at Kufa 
University.

STUDY POPULATION
The study population comprised 150 individuals with 
type 2 diabetes, encompassing both males and females, 
who had been undergoing a monotherapy regimen of 
metformin tablets (1000 mg once daily) for a minimum 
of three months [12]. These participants fell within the 
age range of 30 to 70 years. Exclusion criteria for the 

study encompassed patients with significant organ 
dysfunction, including heart, liver, and renal failure, 
individuals above 70 years of age, those with a BMI 
exceeding 30 kg/m2, pregnant women, patients with 
chronic gastrointestinal disorders or malabsorption 
syndrome, and individuals concurrently using other oral 
hypoglycemic agents (OHAs) or insulin. The participants 
in the study were divided into two groups based on 
their adherence to diet control criteria recommended 
by the American Diabetic Association in 2018. These 
criteria include: low carbohydrate/high protein intake. 
Patients choose complex carbohydrates like whole 
grains and distributed carbohydrate intake evenly 
throughout the day to prevent spikes in blood sugar 
levels, avoided refined carbohydrates, sugary food, and 
beverages. Patients taken lean protein which include: 
fish, legumes, and low-fat dairy. Patients incorporated 
high-fiber foods like vegetables, fruits, whole, beans, 
and nuts into their diet. As well as increased intake of 
healthy fats like those found in nuts, seeds, and olive 
oil and limited saturated and trans fats found in fried 
foods, fatty cuts of meat, and processed snacks. Accord-
ing to the glycemic control the patients were classified 
into two groups based on HbA1c into well (HbA1c lev-
els≤6.5%) ≤ and poor responders (HbA1c levels ≥6.5%).

DATA COLLECTION
The data collection process involved the investigator 
administering a standardized questionnaire to gather 
demographic and clinical information from patients. 
This information encompassed their names, ages, body 
weight, and height, duration of illness, medical history, 
family medical history, dietary habits, sleep patterns, 
and occupations. To calculate the Body Mass Index (BMI), 
measurements for weight and height were taken. Height 
measurements were acquired with subjects standing 
upright, barefoot, with arms at their sides, and feet close 
together. Weight measurements were recorded with pa-
tients standing on a scale, wearing lightweight clothing, 
and without shoes or socks. BMI was calculated using the 
formula BMI = weight (in kilograms) / height (in meters 
squared), and it was used to categorize patients as either 
normal (BMI < 25 kg/m²), overweight (BMI between 25 
and 29.9 kg/m²), or obese (BMI ≥ 30 kg/m²) [12]. The 
glycemic control parameters measured include:
•	� FBG (fasting blood glucose): measured by “Ran-

Dox kit-UK”, which is rely on the “PAP enzymatic” 
measurement of glucose.

•	� HbA1c: the percentage assessed by using immune 
assay method by Stanbio/USA kit.

•	� Serum insulin: assayed according to the procedure 
recommended by (BTLAB®) company.



Diet control and BMI impact on Metformin response in type 2 Diabetes mellitus patients

1577

•	� Homeostasis-Model Assessment for Insulin Re-
sistance (HOMA-IR): The approach presented by 
used the “Homeostasis-Model Assessment for Insu-
lin Resistance (HOMA-IR)” index to measure insulin 
resistance [13].

The of HOMA-IR was calculated in the following manner:
“HOMA-IR = Fasting-insulin (μU/L) * Fasting-glucose 

(mmol/L)/22.5.”
•	� Insulin sensitivity: the quantitative insulin sensitiv-

ity check index (QUICKI) is derived using the inverse 
of the sum of the logarithms of the fasting insulin 
and fasting glucose [13]:

•	� 1 / (log(fasting insulin µU/mL) + log(fasting glucose 
mg/dL)

BLOOD SAMPLE COLLECTION
Morning blood samples were collected from each 
patient after an overnight fast of 8-12 hours. While 
patients were seated, about 5mL of venous blood was 
drawn using disposable syringes. This blood collection 
involved distributing 3mL of blood into tubes contain-
ing EDTA and cautiously transferring the remaining 
2mL into serum tubes equipped with separating gel. 
The blood is stored in EDTA tubes for assessing HbA1c 

via Immunoassay technique. Blood within the serum 
tubes was allowed to coagulate at room temperature 
for around 10-15 minutes, followed by centrifugation 
at approximately 3000 × g for approximately 3 minutes. 
The resulting serum was then stored at a temperature of 
-80°C until analysis. Serum insulin levels were measured 
using the BT LAB® ELISA kit, following the manufactur-
er’s recommended procedure. Fasting blood glucose 
was measured utilizing the RanDox® kit, which relies 
on the PAP enzymatic method for determining glucose 
levels. All data was managed by using SPSS version 22, 
ANOVA test and t-test used for multiple comparisons, 
and chi-square test for utilization of non-numerical 
variables. Values of ≤ 0.05 will be considered to be 
statistically significant.

RESULTS
150 T2DM patients as shown in Table 1 with an average 
age of 53.97±1.86 years and a mean BMI of 28.34±1.58 
kg/m2 were included in the study. Socio-demographic 
data as in table 2 like BMI, age, duration of disease, and 
diet control shows there is a difference between the 
two groups but statistically is non-significant (p-value 
≥ 0.05).

The patients were classified into two subgroups 
according to their glycemic control; poorly controlled 
diabetics (HbA1c ≥ 6.5%) who were 73.82% compared 
to good glycemic control (HbA1c ≤ 6.5%) who were 
26.17% as expressed in Fig. 1.

The difference in glycemic parameters between the 
good and poor responders is represented in table 3. As 
shown by the mean difference in glycemic parameters 
between good and poor responders to metformin there 
was a highly significant difference between the two 
groups about the FBS, HbA1c, and HOMA-IR (p-value 
0.000), (p-value 0.000), and (p-value: 0.019) respectively. 

Table 1. Mean differences of variables in study subjects
Variables Patients 

FBG 219.46±8.80

HbA1c 8.77±0.203

Insulin 8.67±1.103

HOMA-IR 84.76±12.002

Insulin sensitivity 1.14±1.03

age 53.97±1.86

BMI 28.34±1.58

Table 2. Socio-demographic distribution of study groups
Variables <6.5  >6.5  X2 P value 

Diet 

No 20 57
0.00331407 0.9541

Yes 19 52

Age 52.00±1.648 53.90±1.82 1.131 0.260

BMI 27.93±0.58 28.01±0.63 0.076 0.940

Duration 6.13±0.94 7.94±0.55 1.681 0.095

BMI category
Normal

Overweight 
Obese 

8
21
11

33
48
28

1.61206 0.4466

Gender 
Male

Female
10
30

44
65

2.99042 0.08376
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Serum insulin was higher in poor responders than in 
good responders but this difference was statistically 
non-significant.

The association of BMI and glycemic control parame-
ters is shown in table (4). Based on the data presented 
in table 4, the statistical analysis indicates that there 
is no significant difference in glycemic factors such as 
Fasting Blood Sugar (FBS), HbA1c, serum insulin, insu-
lin sensitivity, and HOMA-IR when comparing patients 
who responded well to those who responded poorly. 
It’s worth noting that in both groups, patients with a 
body mass index (BMI) greater than 30 kg/m2, indicating 
overweight, exhibited higher levels of all these glycemic 
control parameters. Insulin sensitivity was higher in 
normal-weight patients (BMI<25 kg/m2) in both groups.

The association between diet control and glycemic 
parameters illustrated in table 5, the result shows there 
is a difference in glycemic parameters (FBS, HbA1c, se-
rum insulin, insulin sensitivity, and HOMA-IR) between 
good and poor responder patients as well as there 
is difference within the group itself but statistically 
non-significant. All glycemic parameters show a higher 
mean in patients without diet control than those with 
a restricted diet. The HbA1c shows a significant differ-

ence between patients with diet control and non-good 
responders’ patients.

In this study, the correlation between the studied 
glycemic control parameters in two groups is clarified 
in table 6:
1-	� FBG in good responder has a positive correlation 

(R = 0.393) with HbA1c, which is statistically highly 
significant (P = 0.000). Also in poor responders, the 
FBG has a positive correlation (R = 0.327) with HbA1c 
which is statistically significant (P = 0.018). This sug-
gests that as FBG levels increase, HbA1c levels also 
tend to increase.

2-	  In good responders, BMI has a positive correlation 
with FBG (R = 0.240) and HbA1c (R = 0.258) but is statisti-
cally non-significant (P = 0.292), (P = 0.113) respectively. 
In poor responders, BMI has a negative correlation with 
FBG (R =-0.041) statistically non-significant (P =0.671), 
while a positive correlation with HbA1c (R = 0. 0.795) 
statistically non-significant (P =0.782).
3-	� HOMA-IR has a positive non-significant correlation 

with FBG (R = 0. 0.159), (P =0.095).
4-	� Insulin sensitivity has an inverse correlation non-sig-

nificant with FBG (R = -0.008), (P =0.938). 
5-	� Age has a non-significant inverse correlation with 

FBG (R = -0.050), (p= 0. 0.602).
6-	� Serum insulin has an inverse correlation non-signif-

icant with FBG (R = -0.016), (P =0.867).   

DISCUSSION
Prior research has established that being overweight 
or obese significantly increases the risk of inadequate 
blood glucose control in people with diabetes. Never-
theless, the precise impact of obesity on both metabolic 

Fig. 1. The percentage of HBA1c sub-
groups.

Table 3. Glycemic variables in study groups. All data is expressed as mean ± SD
Variables <6.5 >6.5 P value 

FBC 138.7±9.755 248.62±8.843 0.000

HbA1c 6.036±0.070 9.77±0.203 0.000

Insulin 7.148±1.701 9.57±1.26 0.355

HOMA- IR 45.59±11.55 105.05±14.39 0.019

Insulin 
sensitivity 1.18±0.08 1.03±0.047 0.587
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unveiled a significant incidence of obesity, including 
severe obesity, in individuals diagnosed with type 2 
diabetes. This research indicates that obesity worsens 
the management of blood sugar levels and increases 
the likelihood of cardiovascular diseases in this patient 
group [17]. Our study demonstrated that patients with 
diet control had a lower glycemic parameter as com-
pared to those who did not. These findings consistent 
with multiple systematic reviews and meta-analyses 
have consistently found that diets emphasizing a lower 
glycemic index are associated with decreased fasting 
blood glucose levels and reduced glycation markers 
such as HbA1c. Additionally, these reviews have offered 
compelling evidence supporting the notion that the 
consumption of foods with a lower glycemic index 
substantially enhances insulin sensitivity [18].

CONCLUSIONS
The impact of BMI and diet control on metformin re-
sponse in diabetic patients is a complex and multifac-
eted issue, while it is well-established that metformin 
is an effective medication for managing blood glucose 
levels in type 2 diabetes, the relationship between BMI, 
diet, and metformin response is influenced by various 
factors. Research suggests that individuals with higher 
BMIs may initially require higher doses of metformin to 
achieve adequate glycemic control. However, weight 
loss through diet control and lifestyle modifications 
can improve the efficacy of metformin and reduce the 
insulin resistance commonly associated with obesity. 
Additionally, dietary changes can contribute to better 
overall diabetes management by promoting healthier 

regulation and the emergence of microvascular and 
macrovascular complications remains incompletely 
comprehended [14]. In our research, as illustrated in 
Tables (4), we found that individuals with a BMI of 30 kg/
m2 or higher had higher levels of glycemic parameters. 
This finding aligns with a separate study that also ob-
served significant differences in HbA1c levels between 
individuals who were obese and those who were either 
pre-obese or had a normal weight [15]. In 2004, Koro 
et al. documented that various diabetic characteristic, 
such as their BMI, affected glycemic control parame-
ters. Specifically, they found that higher HbA1c levels 
were related to obesity [16]. A Turkey-wide survey has 

Table 4. Means differences of study variables according to BMI categories
Variables <6.5 >6.5

<25 25-29.9 >30 p <25 25-29.9 >30 P value 

FBG 132.25±11.21 133.14±17.71 133.40±6.69 0.500 256.81±14.12 241.43±14.37 259.20±16.72 0.749

HbA1C 5.78±0.17 6.13±0.09 6.17±0.12 0.177 41.27±27.27 9.63±0.316 49.58±19.58 0.369

IN 6.67±1.85 7.17±2.90 7.47±2.45 0.988 6.06±1.05 10.20±2.47 6.97±2.16 0.257

IR 40.75±12.22 40.89±20.65 41.54±13.97 0.972 74.30±11.78 108.79±27.63 133.59±26.21 0.298

IS 1.23±0.09 0.95±0.13 1.20±0.122 0.358 1.11±0.07 1.10±0.07 1.05±0.09 0.339

IN:: serum insulin, IR: insulin resistant, IS: insulin sensitivity

Table 5. Differences in study variables according to diet control. All data is expressed as mean ± SD
Variables <6.5 >6.5 P value 

no Yes P No Yes 

FBG 151.95±12.086 125.45±15.03 0.178 253.46±12.29 251.23±12.374 0.560

HbA1C 6.19±0.07 5.88±0.112 0.024 10.03±0.26 9.84±0.30 0.178

IN 5.04±0.70 4.56±3.22 0.171 10.95±1.379 10.18±2.25 0.634

IR 35.73±5.96 35.05±22.40 0.400 111.64±15.429 110.08±25.770 0.747

IS 1.04±0.090 1.11±0.138 0.665 1.12±0.06217 1.13±0.072 0.894

Table 6.  The correlation coefficients among study variables in study groups 
Variables FBG HBA1C BMI

FBG
R 0.372 0.240

P 0.018 0.292

HBA1C
R 0.393 0.258

P 0.000 0.113

IN
R -0.016- 0.121

P 0.867 0.463

HOMA-IR
R 0.159 0.086

P 0.098 0.601

INS
R -0.008- 0.131

P 0.938 0.425

Age
R -0.050- -0.064-

P 0.602 0.700

Bmi
R -0.041- 0.795

P 0.671 0.782
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trols and follow-up periods. These study designs can help 
establish causation, control for confounding variables, and 
provide insights into the temporal relationships between 
variables. It’s important to note that the impact of diet 
control and BMI on T2DM can vary from person to person, 
and individualized care is essential. A healthcare provider 
or registered dietitian can work with patients to develop a 
personalized diabetes management plan that takes into 
account their unique needs, preferences, and medical 
history. Additionally, regular monitoring and follow-up 
are crucial to assess progress and make any necessary 
adjustments to the treatment plan.

eating habits and weight reduction. However, a person-
alized and comprehensive approach to diabetes care, 
including regular medical supervision and ongoing 
lifestyle modifications, remains the cornerstone of 
successful diabetes management.

LIMITATION OF STUDY
To draw more robust conclusions about the impact of BMI 
and diet control on diabetic patients using metformin, you 
may consider conducting a longitudinal cohort study or a 
randomized controlled trial (RCT) with appropriate con-
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INTRODUCTION
Abnormal labor patterns are relatively prevalent ob-
stetric complications that justify medical intervention 
during labor. Approximately 20% of labors are thought 
to be affected by these conditions [1-4]. Hypotonic uter-
ine activity (HUA) is one of the most common reasons 
for labor arrest in primiparous women that increases the 
risk of operative vaginal delivery, CS, and postpartum 
hemorrhage [3-7]. Excessive uterine activity (EUA) or 
uterine tachysystole produce a significant negative 
impact on the mothers (uterine and birth canal trauma, 
amniotic fluid embolism, postpartum hemorrhage) and 
neonates (hypoxia, intracranial hemorrhage, trauma) 
due to excessive myometrial stimulation [2, 7-11].

Over the last decade, it has been established that 
intraamniotic inflammatory response represented by 
chorioamnionitis (CAM) and funisitis is characterized 
by an increased amniotic fluid white blood cell count 

[12-15] and increased concentrations of inflammatory 
mediators which play a crucial role in human parturition 
[16-20]. In more recent publications, Gonzales J.M. et al. 
(2011), Hamilton S. et al. (2012), Hamilton S. et al. (2013), 
Keelan J. et al. (2018), Shynlova O. et al. (2020) [21-25] 
have demonstrated intense inflammatory myometrial 
infiltration of monocytes, neutrophils and macrophages 
before labor and have shown that inflammatory cy-
tokines, bacterial lipopolysaccharide and monocytes 
themselves can increase myometrial cell contractions 
and cause a hypertonic uterine dysfunction. On the 
contrary, other authors [26–33] have reported that intra-
uterine inflammation and/or hyperthermia associated 
with CAM reduces uterine contractility.

Despite a better understanding of the etiology and 
management of labor abnormalities [1–3, 7-10, 34], our 
knowledge about the effect of intrauterine inflammation 
on the course of labor is limited. Whether preexistent 

The association of inflammatory changes of the uterus  
and chorioamniotic membranes with different types of labor 
activity anomalies
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ABSTRACT
Aim: To clarify the association between different types of uterine contractility dysfunction and the inflammation of the uterus and chorioamniotic membranes. 
Materials and Methods: The association between the inflammation of the uterine layers, chorioamniotic membranes, umbilical cord, and different types of 
labor activity abnormalities was examined in 382 patients with singleton pregnancies at 28-42 weeks’ gestation who underwent Caesarean section (CS) for 
abnormal uterine contractions and other complications. Statistical analyses included the Mann-Whitney U, Chi-squared test, and logistic regression. 
Results: In the control group, slight infiltration with polymorphonuclear leukocytes (PMNs) and macrophages of the myometrium and decidua of the lower 
uterine segment at term pregnancy was found in 59.7% and 73.6% of cases. The main clinical risk factors for placental and decidual membrane inflammation in 
patients with excessive uterine activity (EUA) were prematurity, multiparity, group B streptococcus (GBS) colonization, and duration of ruptured fetal membranes 
before the CS. Moderate or marked myometrial inflammation of both uterine segments in the EUA group was diagnosed only in patients with cervical dilation 
of >6 cm and duration of labor of >8h. In women with hypotonic uterine activity (HUA), decidual and myometrial inflammation was significantly associated 
with nulliparity and intrapartum factors, such as protracted active first stage of labor, advanced cervical dilation, and number of vaginal examinations. In all 
cases, inflammation of the myometrium was accompanied by deciduitis.
Conclusions: Mild inflammation of the decidual membrane and myometrium of the lower segment at term pregnancy is a common physiological phenomenon 
contributing to labor initiation. Uterine hyperfunction comes as the response of the unaffected myometrium to the release of high concentrations of pro-
inflammatory cytokines produced by the inflamed decidual and chorioamniotic membranes into the bloodstream. Marked myometrial inflammation that 
occurs in prolonged labor is an additional factor aggravating the hypotonic uterine activity.
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inflammation produces abnormal labor or labor aber-
rations contribute to the development of inflammatory 
complications intrapartum is an issue that appears 
never to have been raised. There is no unequivocal data 
on whether inflammatory lesions of the myometrium 
are associated with different types of uterine activity 
pathology. Since there is currently no published data on 
the availability of a correlation between different types 
of dysfunctional labor and the inflammatory changes 
of the uterus and chorioamniotic membranes, the mea-
surement of such potential complications is important 
for the development of possible preventive measures.

AIM 
The aim of our study was to examine the association 
between different types of uterine contractility dys-
function and the inflammation of the uterus and cho-
rioamniotic membranes. 

MATERIALS AND METHODS
The study comprised 382 women with singleton 
pregnancy at 28-42 weeks’ gestation who underwent 
CS due to abnormal uterine contractions and other 
complications.

Maternal information included maternal age, parity, 
gestational age (based on the last menstrual period 
and/or ultrasound examination findings), GBS coloni-
zation, clinical CAM status, duration of labor (defined 
as the presence of true labor pain and partograph data 
until the CS), duration of ruptured fetal membranes 
period prior to operation, level of cervical dilation at 
the surgery, number of vaginal examinations, oxytocin 
usage, antibiotic, antipyretic and tocolytic treatment.

The first observation group enrolled 168 women with 
HUA who were operated on due to the absence of labor 
progress. The second observation group consisted of 
70 women with EUA who were made to deliver abdom-
inally because of intrapartum cardiotocography (CTG) 
abnormalities, placental abruption, and combined in-
dications. The control group included 144 women (65 
women in the first stage of labor with regular uterine 
contractions and 79 women without labor) who under-
went CS due to different indications.  

Oxytocin was used for augmentation of labor in all 
patients in HUA group when the action line on par-
tograph (four hours to the right of the alert line) was 
crossed [35–38] and for induction of labor in GBS-in-
fected women with premature rupture of membranes 
in EUA and control group patients [39–40]. Prophy-
lactic antibiotics were always administered after cord 
clamping and biopsy removal. Intrapartum antibiotics 

were administered to patients with GBS colonization, 
in the setting of prolonged membrane rupture (>18 
hours) in women with an unknown GBS status as well 
as to patients with symptoms of clinical CAM [39–40]. 
Women with hyperthermia received antipyretic therapy 
[29–30, 32]. In cases of acute fetal distress combined 
with tachysystole, acute tocolysis with selective beta2 
(ß2)-adrenergic agonists was used [10].  

CARDIOTOCOGRAPHY
The CTGs on admission and during labor were carefully 
analyzed to define fetal heart rate and uterine activity 
abnormalities. The following criteria of fetal distress 
were applied: diminished short-term heart rate variabil-
ity (variability < 5 beats per minute (bpm) persisting for 
>20 minutes); sustained tachycardia (basal heart rate > 
160 bpm for > 20 minutes); sustained bradycardia (basal 
heart rate < 100 bpm >20 minutes); repetitive late or 
variable decelerations; sinusoidal pattern (visually ap-
parent, smooth, sine wave-like, undulating pattern in 
fetal heart rate baseline with a cycle frequency of 3-5 
per minute persisting for >20 minutes) [41].

		  External monitoring of uterine contractions 
using a tocodynamometer evaluates increased myo-
metrial tension measured through the abdominal wall. 
5 contractions with an intensity of >200 Montevideo 
units (MU) were considered to be adequate uterine 
activity (peak intensity of each contraction calculated 
in millimeters of mercury (mm Hg) minus basal uterine 
tone, summed over a 10-min period) but <300 MU with 
basal tone < 25 mmHg and > 50 mmHg contraction 
peak/active pressure in a 10-minute period for 2 hours 
[41]. Excessive uterine activity (EUA) was defined as 
increased intensity of contractions (MU >300), uterine 
tachysystole (the CTG showed more than 5 contractions 
in a 10-minute period, averaged over a 30-minute win-
dow), uterine hypertonus (a single contraction lasting 
for more than 2 min or contractions of normal duration 
occurring with a relaxation time of less than 60 seconds 
or resting pressure >25 mmHg) [2, 41]. Hypotonic uter-
ine activity (HUA) was diagnosed when more than one 
of the following criteria was met: decreased intensity of 
contractions (MU <200), the frequency of contractions 
is <2 within 10 minutes, the peak/active pressure during 
contraction is < 25 mmHg at the cervical dilation of 4 
to 8 cm and <40 mmHg at the cervical dilation of >9 
cm, the duration of contraction is <20 to 30 seconds at 
the cervical dilation of >4 cm [41]. A protracted active 
first stage (once 4-cm cervical dilation is achieved) was 
defined as no cervical dilation after 6 hours of inade-
quate contractions, with ruptured membranes, despite 
oxytocin administration [1, 38]. 
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HISTOLOGICAL EXAMINATION 
Full-thickness biopsy specimens of endometrium 
(decidua) and myometrium from the upper margin of 
the lower uterine segment incision and upper uterine 
segment obtained through the dissection of a strip of 
myometrium from the inner surface of the posterior 
uterine wall during the CS were received immediately 
after delivery of the child and taken for histopathologic 
assessment. In 5 women in the HUA group, myometrial 
biopsies were taken from the anterior wall of the 
lower segment and upper uterine body, immediately 
following the hysterectomy.
The following sites of the placentas were sampled: 
chorion-amnion, the chorionic plate, and the umbili-
cal cord. Three to nine sections of the placenta were 
examined, and at least one full-thickness section was 
taken from the center of the placenta; others were taken 
randomly from the placental disc [42].

Each of the samples was placed in 10% neutral buff-
ered formalin for fixation and embedded in paraffin. 
Sections of tissue blocks were stained with hematoxylin 
and eosin. Samples were fixed for 24 hours at 4°C.

The presence of inflammatory reaction in the myome-
trium and endometrium (decidual tissue) was analyzed 
and correlated with the clinical parameters of the case. 
Evaluation of specimens was modified from the scale 
described by Keski-Nisula L.T. et al., 2003 [43]. Normal 
samples were graded 0, and those that contained clearly 
identifiable polymorphonuclear leukocytes (PMNs) and 
monocytes/macrophages were graded as positive for 
acute inflammation using a scale of 1 to 4: 1, or mild: 
1 focus of at least 5 PMNs and 3 macrophages; 2, or 
moderate: >1 focus of grade 1 inflammation or at least 

1 focus of 5-20 PMNs and 3-10 macrophages; 3, or 
marked: multiple and/or confluent foci of grade 2; 4, 
or very marked: diffuse and dense acute inflammation.

Inflammatory lesions of the placenta and umbilical 
cord were diagnosed according to established criteria 
[44-46]. Placental inflammation was defined as the in-
filtration of neutrophils into the chorion and amnion. 
Histologic chorioamnionitis (hCAM) was defined as 
the presence of acute inflammatory changes on exam-
ination of a membrane roll and chorionic plate of the 
placenta: stage 1 (hCAM1) – acute subchorionitis or 
chorionitis; stage 2 (hCAM2) – acute chorioamnionitis: 
PMNs extend into fibrous chorion and/or amnion; stage 
3 (hCAM3) – necrotizing chorioamnionitis: karyorrhexis 
of PMNs, amniocyte necrosis, and/or amnion basement 
membrane hypereosinophilia. Funisitis was diagnosed 
in the presence of neutrophil infiltration into the umbil-
ical vessel walls or Wharton’s jelly, according to criteria 
of Amsterdam Placenta Workshoup Group [47]: stage 
1 – chorionic vasculitis or umbilical phlebitis; stage 
2 – involvement of the umbilical vein and one or more 
umbilical arteries; stage 3 – necrotizing funisitis.

The present study was approved by the institutional 
review board (Bioethics Commission) of Danylo Ha-
lytsky Lviv National Medical University (No. 156). All 
procedures in this study were performed in accordance 
with the ethical standards of the institutional and na-
tional research committee.

STATISTICAL ANALYSIS
Mann-Whitney U test and one-way analysis of 
variance were used to compare the continuous 

Fig. 1. Indications for Caesarean section.
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variables. Chi-squared test was used to compare 
the categorical variables. Comparative analysis of 
the development of HUA, EUA, and availability of 
inflammation in the tissue samples, as well as iden-
tification of univariate associations between the 
labor abnormalities and preoperative clinical factors 
were carried out through logistic regression analysis 
performance. For each variable, one category as the 
control was chosen, and odds ratios (ORs) or adjusted 
odds ratios (aORs) and 95% confidence intervals (CI) 
for the other categories were calculated. Probability 
values p<0.05 were considered to be statistically 
significant. Statistica 10 software (StatSoft, USA) was 
used for the statistical analyses.

RESULTS
Figure 1 shows the main indications for cesarean section 
of the study participants. 

Table 1 and Table 2 show the clinical and obstetric 
characteristics of the study patients in observed groups. 

The mean maternal age was not different among the 
groups (p>0.05), although the HUA group tended to 
have more patients aged 18–25 years. The mean gesta-
tional age at delivery in patients in the HUA and control 
groups differed significantly from patients in the EUA 
group (40.2, 38.4 and 33.3 weeks, respectively (p<0.01). 
The rate of primiparous in the HUA group (61.3%) was 
far above that of the EUA (24.3%) and control groups 
(43.1%) (p<0.05).

Table 1. Clinical characteristics of the patients in the HUA, EUA, and control groups

Variable
Groups of patients

p-valueHUA 
n=168

EUA 
n=70 Control n=144

Maternal  age, years (mean±SD) 27.6±5.7 32.1±4.8 30.3±4.2 NS

Gestational age at delivery, weeks (mean±SD) 40.2±1.4 33.3±4.6 38.4±4.1 <0.01a

Multiparous, n (%)  
Primiparous, n (%)

65 (38.7)
103 (61.3)

53 (75.7)
17 (24.3)

82 (56.9)
62 (43.1)

<0.05b

<0.05b

Birth weight at delivery, g (mean±SD) 3680±458 1920±814 3440±465 <0.01a

GBS-colonization, n (%) 16 (9.5) 10 (14.3) 9 (6.3) NS

Clinical CAM:
antenatally, n (%)

intrapartum, n (%)

14 (8.3)
2 (1.2)

12 (7.1)

13 (18.6)
9 (12.9)
4 (5.7)

0
<0.05b

<0.01b

<0.05b

Values are given as mean±standard deviation (SD) unless specified otherwise 
 a – p-value: one-way analysis of variance 
 b – p-value: chi-squared test
 NS – p-value: not significant (p>0.05).

Table 2. Obstetric characteristics of the patients in the HUA, EUA, and control groups

Variable
Groups of patients

p-valueHUA 
n=168

EUA 
n=70

Control
n=65

Mean interval from onset of labor to the surgery, h (mean±SD) 18.4±6.9 5.6±4.2 8.8±3.3 <0.05a

Premature rupture of fetal membranes, n (%) 81 (48.2) 57 (81.4) 14 (21.5) < 0.05b

Duration of ruptured fetal membranes before the surgery, h (mean±SD) 16.2±8.0 51.7±41.7 6.2±1.4 <0.01a

Mean cervical dilation at the surgery, cm (mean±SD) 8.1±1.7 4.4±1.8 5.6±2.5 <0.05a

Number of vaginal examinations with membrane rupture before the surgery >4, n (%) 81 (48.2) 0 4 (6.2) <0.01b

Uterine activity in the 0.5 h prior to delivery, MU (mean±SD) 94±37 422±66 168±53 <0.05a

Use of oxytocin, n (%) 168 (100) 6 (8.6) 3 (4.6) <0.01b

Intrapartum antibiotics, n (%) 53 (31.6) 43 (61.4) 3 (4.6) <0.01b

Use of antipyretics, n (%)   10 (5.9) 9 (12.9) 0 <0.05b

Acute tocolysis, n (%) 0 22 (31.4) 0 NS

Results are expressed as mean ±standard deviation (SD) unless specified otherwise   
MU - Montevideo units
a - p-value: one-way analysis of variance 
b - p-value: chi-squared test
NS – p-value: not significant (p>0.05).
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and 6.2±1.4 h, p<0.01); a lower level of cervical dilation 
(4.4±1.8 cm vs 8.1±1.7 cm, and 5.6±2.5 cm, p<0.05) and 
stronger uterine activity (422±66 MU vs 94±37 MU, and 
168±53 MU, p<0.05). More than 4 vaginal examinations 
after membrane rupture during the management of labor 
were performed in 81 (48.2%) women in the HUA group 
and in 4 (6.2%) women in the control group (p<0.01). 

Intrapartum antibiotics in the HUA, EUA, and control 
groups were administered to 99 parturients (in all 
GBS-colonized women after rupture of membranes or 
beginning of labor (n=16; n=8; n=3); in patients with an 
unknown GBS status and the duration of ruptured fetal 
membranes >18h (n=25; n=26; n=0); in patients with 
symptoms of clinical CAM in labor (n=12; n=4; n=0). In 
all cases with CAM and fever (n=10 in the HUA group 
and n=9 in the EUA group) antipyretics were prescribed. 
22 patients in the EUA group underwent acute tocolysis 
before surgery due to fetal distress. 

The data of histological analysis of the uterine walls 
layers and fetal and placental membranes in studied 
groups are presented in Table 3 and Table 4. 

Absence of decidual inflammation (0 grade) was 
found only in 14 patients in the control group (9.7%) 

Due to the prevalence of preterm labor, the mean 
weight of newborns was much higher in the HUA and 
control groups than in the EUA group patients (3,680 
g and 3,440 g vs 1,920 g, p<0.01).

Clinically evident CAM was diagnosed more frequent-
ly in the EUA group patients compared to those in the 
HUA group (18.6% vs 8.3%, p <0.05). However, in the 
HUA group, 12 out of 14 women developed clinical CAM 
intrapartum due to prolonged labor. The EUA group 
was dominated by the patients with clinical CAM (9/13), 
which developed antenatally against the background 
of a prolonged period (> 72 h) from rupture of the fetal 
membranes prior to delivery. 

In the process of comparing the course of labor (Table 
2), the following statistically significant differences among 
the study patients were found between the groups. 
Women in the EUA group had a higher incidence of pre-
mature rupture of membranes than women in the HUA 
and control groups (81.4% (EUA group) vs 48.2% (HUA 
group), and 21.5% (control group), p<0.05); a shorter 
mean interval from onset of labor to the CS (5.6±4.2 h 
vs 18.4±6.9 h, and 8.8±3.3 h,  p< 0.05); a longer period of 
rupture of fetal membranes (51.7±41.7 h vs 16.2±8.0 h, 

Table 3. The grade of inflammatory infiltration of decidua and myometrium in the HUA, EUA, and control groups patients

Grade
Groups of patients

p-value a

HUA, n=168 EUA, n=70 Control, n=144

Decidual samples, n (%)

0 0 0 14 (9.7) NS

1 49 (29.2) 17 (24.3) 106 (73.6) < 0.01

2 54 (32.1) 23 (32.9) 16 (11.1) < 0.05

3 55 (32.7) 18 (25.7) 8 (5.6) < 0.05

4 10 (6.0) 7 (10) 0 < 0.05

Grade ≥2 119 (70.8) 48 (68.6) 24 (16.7) < 0.01

Myometrial samples (lower segment), n (%)

0 0 0 48 (33.4) NS

1 58 (34.5) 38 (54.3) 86 (59.7) NS

2 82 (48.8) 14 (20) 10 (6.9) < 0.01

3 23 (13.7) 3 (4.3) 0 < 0.01

4 5 (3) 0 0 NS

Grade ≥2 110 (65.5) 17 (24.3) 10 (6.9) < 0.01

Myometrial samples (upper segment), n (%)

0 13 (7.7) 18 (25.7) 122 (84.7) < 0.01

1 55 (32.7) 25 (35.7) 15 (10.4) < 0.05

2 74 (44.1) 12 (17.1) 7 (4.9) < 0.01

3 11 (6.5) 0 0 NS

4 5 (3) 0 0 NS

Grade ≥2 90 (53.6) 12 (17.1) 7 (4.9) < 0.01
a - p-value: chi-squared test 
NS – p-value: not significant (p >0.05).
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and 2 (1.4%) cases, respectively (p< 0.05).  There were 
no cases of isolated funisitis in all observation groups. 

The presence of an inflammatory reaction in the myome-
trium, endometrium (decidual tissue), placental, and fetal 
membranes was analyzed and correlated with clinical pa-
rameters of the cases in the HUA and EUA groups (Table 5).

Analysis of data (Table 5) showed rather contradictory 
results in the observation groups, due to the pathophys-
iologic opposite of the main clinical complication by 
which the patients were selected into groups - excessive 
or hypotonic uterine activity in labor. 

Multiple logistic regression analysis indicated that the 
frequency of deciduitis was associated with the gestational 
age (>37 weeks in the HUA group, but <37 weeks in the EUA 
group), parity (nulliparity in the HUA group, but multiparity 
in the EUA group), GBS  colonization (in the EUA group), 
duration of active first stage before operation (>12 h in the 
HUA group and >8 h in the EUA group), duration of ruptured 
fetal membranes before the surgery (>24 h in both groups), 
cervical dilation (>6 cm in both groups), and a high number 
of vaginal examinations in labor (in the HUA group).

The odds of myometritis in both observation groups 
increased with the duration of labor, advanced cervical 
dilation, quantity of vaginal examinations, and nullipar-
ity (in the HUA group).

hCAM and funisitis were significantly associated in 
both groups with GBS colonization, parity (nulliparity 
in the HUA group, multiparity in the EUA group), gesta-
tional age (>37 weeks in the HUA group, but <37 weeks 
in the EUA group), and prolonged (>24 h) duration of 
ruptured fetal membranes.

who were delivered by elective CS at less than 36 weeks’ 
gestation. Decidual PMN and macrophage infiltration 
of mild grade was detected in the HUA, EUA, and con-
trol groups in 29.2%, 24.3%, 73.6% cases, respectively 
(p<0.05). Moderate to marked decidual inflammation 
was diagnosed more frequently in the samples from 
the HUA and EUA groups than from the control group 
parturients (70.8% and 68.6% vs 16.7%, p<0.05). 

In contrast to the decidual tissue, the 1st grade of inflam-
matory changes in the myometrium of the lower uterine 
segment was diagnosed more frequently, although no 
significant difference was noted between the observation 
groups (Table 3). Moderate to marked myometrial inflam-
mation of both uterine segments was identified in 53.6%, 
17.1%, and in 4.9% patients of the HUA, EUA, and control 
group, respectively (p<0.05). In all cases, inflammation of the 
myometrium was accompanied by inflammatory changes 
in the decidual tissue. Very marked myometrial inflamma-
tion of both uterine segments was detected in the tissue 
samples of 5 women in the HUA group who underwent 
hysterectomy due to hypotonic bleeding during the CS.

In contrast to clinical СAM, acute hCAM was diag-
nosed significantly more frequently and was observed 
in 33.9% of patients in the HUA group, in 65.7% of pa-
tients in the EUA group and in 16% of patients in the 
control group. It was noted that the incidence of his-
tologically confirmed acute СAM of stage 2+ was only 
11.9% among the HUA group cases but as high as 55.7% 
among the EUA group cases, p <0.01. The combination 
of hCAM and funisitis of stage 2+ was reported in the 
HUA, EUA, and control groups in 12 (7.2%), 18 (25.7%), 

Table 4. The stage of hCAM and funisitis in the HUA, EUA, and control group patients

Stage
Groups of patients

p-valuea

HUA, n=168 EUA, n=70 Control, n=144

hCAM stage, n (%)

Not present 93 (55.4) 9 (12.9) 121 (84) < 0.01

1 37 (22) 7 (10) 17 (11.8) < 0.05

2 9 (5.4) 20 (28.6) 3 (2.1) < 0.05

3 11 (6.5) 19 (27.1) 3 (2.1) < 0.05

hCAM 57 (33.9) 46 (65.7) 23 (16) < 0.05

Stage ≥2 20 (11.9) 39 (55.7) 6 (4.2) < 0.01

Funisitis stage, n (%)

Not present 140 (83.3) 46 (65.7) 139 (96.5) < 0.05

1 16 (9.5) 6 (8.6) 3 (2.1) NS

2 9 (5.4) 11 (15.7) 1 (0.7) < 0.05

3 3 (1.8) 7 (10) 1 (0.7) < 0.05

Funisitis 28 (16.7) 24 (34.3) 5 (3.5) < 0.05

Stage ≥2 12 (7.2) 18 (25.7) 2 (1.4) < 0.05
a - p-value: chi-squared test
NS – p-value: not significant. 
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macrophages and neutrophils infiltrate the uterine low-
er segment myometrium and decidua parietalis before 
and at the beginning of the physiological term labor [18, 
21, 22, 25, 43]. Activated macrophages and neutrophils 
themselves are a powerful source of pro-inflammato-
ry cytokines, prostaglandins, proteases, and reactive 
oxygen species [16-18, 23-24], which are capable of 
initiating and amplifying inflammatory responses of 
the decidua, adjacent myometrium, cervix, placental 
and fetal membranes, and finally triggering labor. 
Inflammatory mediators have many diverse functions 
in different parts of the uterus. Within the lower seg-
ment, they take part in connective tissue remodeling 

After adjustment was made for clinically relevant 
variables, multiple logistic regression analysis indicated 
that a significant relationship remained between HUA 
and decidual and myometrial inflammation, between 
EUA and deciduitis, hCAM, and funisitis (Table 6). 

DISCUSSION
The correlation between two different types of labor 
anomalies and availability of inflammation in the uterus, 
placental, and fetal membrane samples was examined. 
The results obtained in the control group confirmed the 
results of the previous researchers, according to whom 

Table 5. Unadjusted odds ratios and 95% confidence intervals for grade 2+ deciduitis and myometritis, stage 2+ inflammation of the placental and 
fetal membranes associated with various clinical preoperative factors among parturients with HUA and EUA

Factors

Decuduitis Myometritis (lower 
segment)

Myometritis (both 
segments) hCAM Funisitis

HUA EUA HUA EUA HUA EUA HUA EUA HUA EUA

Odds ratio (95% CI)
p-value

Odds ratio (95% CI)
p-value

Odds ratio (95% CI)
p-value

Odds ratio (95% CI)
p-value

Odds ratio (95% CI)
p-value

Gestational age 
(weeks)

<37

0.4  
(0.1-1.3)
p < 0.05

6.9   
(2.2-21.9)
p < 0.001

0.9  
(0.04-0.7)
p < 0.05

0.8  
(0.5-9.3)
p < 0.05

0.7  
(0.03-11.8)

   NS

0.3  
(0.02-7.1)
p < 0.05

0.1  
(0.02-10.6)

NS

1.7  
(0.3-10.6)
p < 0.01

0.1  
(0.05-13.7)

   NS

1.9  
(0.3-22.8)
p < 0.001

37-41
2.1  

(0.9-5.2)
p < 0.001

0.9  
(0.3-2.5)
p < 0.05

0.8  
(0.6-4.6)
p < 0.05

0.3  
(0.08-4.9)
p < 0.05

0.6  
(0.1-6.1)
p < 0.01

0.8   
(0.7-7.7)
p < 0.05

0.9  
(0.2-21.2)
p < 0.05

0.5  
(0.2-14.5)
p < 0.05

0.2  
(0.04-33.4)

p < 0.05

0.5  
(0.04-22.1)

NS

>41
1.6  

(0.2-3.4)
p < 0.01

-
0.6  

(0.1-2.2)
p < 0.05

-
0.7  

(0.1-3.3)
p < 0.05

-
1.2  

(0.6-9.2)
p < 0.05

-
0.7  

(0.2-9.7)
p < 0.01

-

Nulliparous
1.8  

(0.5-6.2)
p < 0.05

0.7  
(0.3-2.8)
p < 0.05

1.6  
(0.5-4.8)
p < 0.05

0.1  
(0.2-1.6)
p < 0.05

1.4  
(0.2-14.2)
p < 0.05

0.2  
(0.07-2.1)
p < 0.05

1.1  
(0.3-7.3)
p < 0.05

0.3  
(0.05-1.7)
p < 0.05

0.7  
(0.2-9.2)
p < 0.05

2.9  
(0.2-55.8)
p < 0.05

Multyparous
0.6  

(0.3-1.9)
p < 0.05

1.4  
(0.9-16.7)
p < 0.05

0.3  
(1.5-7.5)
p < 0.05

0.9  
(0.1-8.5)
p < 0.05

0.1  
(0.2-7.2)
p < 0.05

0.1  
(0.05-1.4)
p < 0.05

0.7  
(0.1-4.0)
p < 0.05

4.4  
(3.1-14.8)
p < 0.05

0.1  
(0.01-6.9)
p < 0.05

4.8  
(0.9-24.0)
p < 0.01

GBS colonization
0.7  

(0.1-1.2)
p < 0.05

3.5  
(0.6-26.6)
p < 0.001

0.7  
(0.08-8.1)
p < 0.05

0.1  
(0.05-18.0)

NS

0.6  
(0.05-16.9)

NS

0.8  
(0.04-14.9)

NS

1.3  
(0.2-4.8)
p < 0.01

2.7  
(0.5-14.9)
p < 0.05

1.2  
(0.01-9.7)
p < 0.05

3.5  
(0.5-23.3)
p < 0.01

Duration of ruptured 
fetal membranes 

before the CS >24 h

1.9  
(1.0-4.4)

p < 0.001

2.6  
(1.0-4.4)

p < 0.001

0.7  
(0.2-1.3)
p < 0.05

0.3  
(0.08-2.7) 
p < 0.05

0.9  
(0.2-5.5)
p < 0.01

0.5  
(0.05-10.4)

p < 0.01

0.6  
(0.2-7.9)
p < 0.05

1.3  
(0.2-7.8)

p < 0.001

1.1  
(0.02-21.2)

p < 0.05

1.2  
(0.8-54.5) 
p < 0.01

Duration of active 
first stage before 

the CS
8-12h

0.7  
(0.1-3.2)
p < 0.01

1.6  
(0.4-12.9)
p < 0.05

0.8  
(0.2-2.7)
p < 0.05

1.9  
(1.1-18.4)
p < 0.05

0.8  
(0.2-3.8)
p < 0.01

1.5  
(0.8-21.1)
p < 0.05

0.6  
(0.3-9.6)
p < 0.01

0.7  
(0.2-5.5)
p < 0.01

0.5  
(0.04-31.8) 

NS

0.6  
(0.2-28.4)

NS

>12h*
2.7  

(0.9-8.3)
p < 0.001

-
3.5  

(1.2-10.4)
p < 0.001

-
4.8  

(1.5-15.7)
p < 0.001

-
1.2  

(0.4-3.8)
p < 0.01

-
0.8  

(0.02-50.6)
NS

-

Advanced cervical 
dilation at CS (>6 cm)

3.8  
(1.7-8.6)

p < 0.001

1.8  
(0.3-10.5)
p < 0.01

1.3  
(0.4-3.8) 

p < 0.001

4.3  
(1.8-9.9) 

p < 0.001

1.7  
(0.8-6.3)
p < 0.01

3.9  
(1.5-10.6) 
p < 0.01

1.6  
(0.1-5.1)
p < 0.05

0.7  
(0.09-34.9)

NS

0.3  
(0.05-13.7)

NS

0.4  
(0.06-22.1)

NS

Number of vaginal 
examinations >4

7.8  
(2.8-21.9)
p < 0.001

-
5.4  

(7.1-23.8)
p < 0.001

-
1.7  

(0.3-10.2)
p < 0.001

-
1.1  

(0.1-9.8)
p < 0.01

-
0.2  

(0.04-31.4)
p < 0.05

-

CI - confidence interval
NS – p-value: not significant 
*Oxytocin usage. 



The association of inflammatory changes of the uterus and chorioamniotic membranes with different types of labor...

1589

cm and duration of labor of >8h. In all cases, myometrial 
changes occurred along with severe deciduitis. 

We attribute such a low incidence of myometrial le-
sions in the EUA group to the rapid progression of labor 
(mean time from the beginning of contractions to the 
CS was 5.6±4.2 h), and insufficient time for significant 
leukocyte penetration into the deeper myometrial 
layers of the lower and upper uterine segments. High 
magnitude of аORs for deciduitis, hCAM and funisitis 
(2.6, 4.5, 2.9, respectively, p<0.01 (Table 6) in patients 
in the EUA group indicate involvement of not only the 
decidual but also the chorioamniotic membranes in the 
synthesis of proinflammatory cytokines. If physiological 
levels of inflammatory agents contribute to normal 
uterine contraction, it is reasonable to assume that their 
significantly elevated rates will cause stronger contrac-
tions and lead to hypertensive uterine dysfunction.  In 
our opinion, the key factor in this process is that the 
myometrium remains intact by inflammation.

The inflammatory nature of tachysystole was also 
confirmed by some of our clinical and therapeutic ob-
servations. We noted the ineffectiveness of acute tocol-
ysis in 13 of 22 patients (59.1%) who received tocolytic 
drugs alone, and a decrease of the uterine activity in the 
remaining 9 of 22 women (40.9%) who were prescribed 
tocolytics in combination with antipyretics against the 
background of clinical CAM symptoms (hyperthermia). 
Thus, uterine hyperfunction, which is insensitive to to-
colytic agents, comes as a response of the unaffected 
myometrium to the release of huge concentrations 
of pro-inflammatory cytokines into the bloodstream. 
In such situations, the use of anti-inflammatory drugs 
rather than tocolytic agents may be more effective in 
the treatment of uterine tachysystole.

It is well-known that hCAM and funisitis demonstrate 
an inflammatory response of the placenta, fetal mem-

and thereby facilitate cervical dilation and passage of 
the fetus. In the upper segment, leukocyte products, 
including eicosanoids, interleukins, and tumor necrosis 
factor α may stimulate uterine contractions directly or 
indirectly by facilitating the production of prostaglan-
dins [18, 22]. Thus, mild inflammatory changes in the 
decidual membrane and slight leukocyte infiltration of 
the lower segment of the uterus constitute a necessary 
prerequisite for the physiological onset of labor.

A significant difference in parity, gestational age, and 
birth weight at delivery among the HUA and EUA obser-
vation groups was found. Multiparity, early gestational 
age, and low birth weight of newborns were strongly 
associated with EUA. In contrast to the EUA group, 
primiparous patients at term pregnancies dominated 
in the HUA group. 

When comparing the histological findings, the 
localisation of inflammatory changes between the groups 
also differed: myometritis prevailed in the HUA group, 
while hCAM and funisitis were predominant in the EUA 
group. Both groups had a high incidence rate of decidual 
inflammation. It should be noted that severe deciduitis 
was also diagnosed in the control group (16.7%), but 
only in those patients who underwent surgery after 
several hours of regular labor against the background of 
premature rupture of the amniotic membranes.

The main clinical risk factors for placental and 
decidual membrane inflammation in the EUA group 
were prematurity, multiparity, GBS colonization, and 
duration of ruptured fetal membranes before the 
CS (Table 5), which is indicative of the occurrence of 
inflammatory changes antenatally. Despite high inci-
dence of deciduitis (68.6%) and hCAM (55.7%) in this 
group, moderate to marked myometrial inflammation 
of both uterine segments was diagnosed in only 17.1% 
of patients, mostly in women with cervical dilation of >6 

Table 6. Unadjusted odds ratios, adjusted odds ratios and 95% confidence intervals for grade 2+ deciduitis and myometritis, stage 2+ inflammation of 
the placental and fetal membranes in the presence of HUA and EUA

Grade/Stage 2+
HUA EUA

OR (95% СI) aOR (95% СI) * p-value OR (95% СI) aOR (95% СI) * p-value

Deciduitis 3.1 (1.0-11.1) 1.4 (0.6-3.6) p < 0.01 5.9 (3.1-11.3) 2.6 (1.4-4.8) p < 0.01

Myometritis
(lower segment) 5.4 (2.4-8.0) 2.1 (1.2-6.2) p < 0.01 4.3 (1.8-9.9) 0.5 (0.4-1.3) p < 0.01

Myometritis
(both segments) 9.5 (8.6-21.3) 3.9 (1.3-14.7) p < 0.01 4.1 (1.5-10.8) 0.7 (0.3-2.4) p < 0.05

hCAM 1.8 (0.9-28.4) 0.8 (0.3-4.9) p < 0.05 11.0 (2.9-32.8) 4.5 (3.4-12.1) p < 0.01

Funisitis 1.5 (1.2-24.8) 0.3 (0.6-2.7) p < 0.05 4.7 (1.9-12.6) 2.9 (1.3-10.6) p < 0.01

OR - odds ratio 
aOR - adjusted odds ratio 
CI - confidence interval
*Adjusted for gestational age, parity, GBS colonization, duration of ruptured fetal membranes, duration of active first stage, cervical dilation, number of 
vaginal examinations before operation.
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inflammation to spread deeper into the myometrium 
of both the lower and upper segments of the uterus. 
According to our histological data, it can be concluded 
that development of myometritis in patients with HUA 
is the result of ascending deciduitis that gradually 
progresses to grade 2+ during prolonged labor. Slow 
penetration of leukocytes into the myometrium leads 
to remodeling of the extracellular matrix, dysregulation 
of oxytocin receptor synthesis, and a decrease in 
the uterine response to both intrinsic and extrinsic 
oxytocin [26, 33, 37]. The consequence of long-lasting 
labor augmentation with oxytocin is insensitivity to 
this agent, complete uterine inertia, and postpartum 
hemorrhage [26, 27]. The latter occurred in 5 parturients 
with total leukocyte infiltration of the myometrium 
who underwent hysterectomy due to atonic uterine 
bleeding. In such situations, the possibility of prescrib-
ing other groups of uterotonics should be considered 
when choosing drugs for the prevention or treatment 
of postpartum bleeding.

CONCLUSIONS
Mild inflammation of the decidual membrane and 
the myometrium of the lower uterine segment at 
term pregnancy is a physiological phenomenon that 
contributes to the initiation of labor. Inflammation of 
the chorioamniotic and decidual membranes against 
the background of intact myometrium plays a funda-
mental role in the occurrence of hypertensive uterine 
dysfunction, particularly in preterm birth. Inflammatory 
changes in the myometrium of the lower and especially 
upper uterine segment arising during prolonged term 
labor are an additional factor contributing to the onset 
or aggravation of the hypotonic uterine activity. Strate-
gies aimed at preventing the influx of inflammatory cells 
into the uterine cavity can be crucial for the prevention 
of preterm labor, as well as for the coordination of 
uterine activity at term labor. 

branes, and amniotic fluid to microbial invasion of the 
amniotic cavity [12-14, 19], and deciduitis indicates an 
ascending pathway of infection [15, 22-23]. However, 
in the HUA group our data showed the association of 
decreased uterine contractility with grade 2+ deciduitis 
(aOR: 1.4, 95% CI: 0.6-3.6), but no association with stage 
2+ hCAM (aOR: 0.8, 95% CI: 0.3-4.9) and stage 2+ funisi-
tis (aOR: 0.3, 95% CI: 0.6-2.7) (Table 6). The limitation of 
our study was the inability to obtain histological speci-
mens before or at least at the beginning of labor in the 
observation groups. Therefore, we are unable to deny 
or state with certainty that inflammation of parietal 
decidua was present or absent before the labor. Such 
clinical risk factors for the development of severe deci-
duitis as protracted active first stage, advanced cervical 
dilation, and a large number of vaginal examinations 
(Table 5) revealed during statistical analysis in the HUA 
group indicate the progression of inflammatory pathol-
ogy of the decidual membrane intrapartum. The latter 
suggests that progressive severe deciduitis may be an 
additional risk factor for the development of hypotonic 
uterine activity.

In contrast to the EUA group, moderate to severe 
myometritis was a common finding in patients of the 
HUA group (53.6% of cases). In multiple stepwise logistic 
regression analysis, myometrial inflammation was largely 
associated with nulliparity, protracted active first stage 
with oxytocin augmentation, advanced cervical dilation, 
and the number of vaginal examinations (Table 5). The 
results of our study partially coincide with the earlier 
works by L.T. Keski-Nisula and coauthors (2003) [43], 
and J.M. Gonzalez and coauthors (2011) [21] who noted 
inflammatory cell infiltration of the myometrium with 
an increase in the duration of labor and cervical dilation.

Severe myometrial inflammation in all cases was 
detected in conjunction with severe deciduitis (84/84), 
much less frequently with severe hCAM (15/84) and 
funisitis (7/84). Long-term weak contractions, only 
temporarily enhanced by oxytocin, allow decidual 
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INTRODUCTION
Currently, more attention should be paid to the study of 
indicators of the emotional state and content of feelings 
of people living in the conditions of prolonged martial 
law in Ukraine [1]. For more than a year now (February 
2022 – February 2023) they experience stressful situ-
ations, causing various physical, emotional or mental 
reactions.

The studies performed show that negative emotional 
events in the life of a human cause strong negative 
influence on his or her body, leading to the occurrence 
or aggravation of specific diseases. There is a connec-
tion between negative emotional events in a person’s 
life and changes in the immune system, which leads 
to the occurrence of a disease. It was established that 
psycho-emotional stress modulates the immune sys-
tem through the nervous and endocrine systems. This 
causes and aggravates many chronic diseases: cardio-

vascular, endocrine, gastroenterological, pulmonary 
and rheumatological, as well as conditions of infectious, 
allergic, autoimmune or neoplastic etiology. Various 
clinical observations and epidemiological studies point 
to a correlation between the state of suspense and un-
certainty in which the patient is in a stressful situation, 
and the development and progression of periodontal 
tissue diseases [2].

Literature has it that stress plays a significant role in 
the etiology, progression and the outcome of treat-
ment of periodontal diseases, in particular, generalized 
periodontitis. Distress, anxiety, depression, loneliness, 
adverse life circumstances cause a deterioration in the 
general state of human health, facilitating bacterial 
invasion due to poor oral cavity hygiene and leading 
to the destruction of periodontal tissues. Prolonged de-
pressive and anxiety states can have the most adverse 
effect on the degree, severity and course of periodontal 
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ABSTRACT
Aim: To study the presence of clinical and biochemical correlations between psycho-emotional stress, level of cortisol and periodontal oral health status of the 
patients in Ukraine during prolonged martial law.
Materials and Methods: The comprehensive clinical and laboratory study covered 49 persons, including 20 patients with Gingivitis (40.8%) and 29 with 
Periodontitis (59.2%). Biochemical blood test was performed to determine the level of “stress hormone” – cortisol. Patients filled out the questionnaire by the 
method of V. Zung (low mood-subdepression scale) to determine psycho-emotional state in the conditions of prolonged martial law in Ukraine.
Results: The research results showed that in the conditions of martial law in Ukraine, “stabilization” and “improvement” of the process of patients with Gingivitis 
was established in 50%, with Periodontitis - only in 41.4% of patients. In 54% of patients, a significant deterioration of clinical indices was established, compared 
to the indicators before the war. In patients with Periodontitis, РВІ index was 1.33 (0.62-1.43) score, which was not statistically significantly different from 
the initial level (p>0.05). Biochemical blood tests revealed an increased level of the hormone cortisol in 18% of patients. According to the method by V. Zung 
scale of mental states, the majority of patients (87%) showed low mood and emotional instability within the medium level (range 2 and 3). Correlation was 
identified, according to the Spearman coefficient (R=0.39, р<0.05), between scale assessments by V.Zung and the blood level of cortisol.
Conclusions: Psycho-emotional stress is one of the leading pathogenetic factors in the deterioration of oral health status and the development of periodontal 
diseases, especially in people in Ukraine during prolonged martial law. Indicators of method by V. Zung scale of mental states and the level of cortisol are optimal 
markers of the need to correct the psycho-emotional state. For patients with increased levels of stress and fear, it is necessary to create special treatment-pre-
vention schemes, taking into account greater attention to motivation to maintain the health of the oral cavity, as well as more frequent hygiene procedures.
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diseases [3]. There is also a connection between the se-
verity of periodontal tissue diseases and the mechanism 
of behavioral stress, due to the indirect effect of stress 
on the health of the periodontium through lifestyle 
changes, such as smoking, alcohol consumption, un-
healthy diet and careless oral cavity hygiene [4].

Stress factors cause induced modulation of the im-
mune system, which leads to an increase in the level of 
adrenocorticoid hormones in the blood, stimulation of 
chemotaxis and phagocytosis of polymorphonuclear 
leukocytes, a decrease in the proliferation of lympho-
cytes, changes in the level of cytokines, changes in 
blood circulation and regeneration, modification of 
saliva (saliva pH and IgA secretion) [5].

The key steroid hormones, which are synthesized 
by the adrenal cortex and whose level increases in 
stressful situations, include cortisol. Cortisol hormone 
is one of the main human hormones that influences 
the vital activity of the body, proper functioning of 
organs and systems, our mood, the level of aggression, 
loyalty [6]. Cortisol helps the body timely recover in 
order to adequately resist negative influences, such 
as physical injuries, strong fear, tension, pain, fatigue, 
lack of sleep, constant emotional overload and stress. 
Cortisol is called the “stress hormone”; when its balance 
is disturbed, a person may experience quite strong 
physical and emotional sensations that deteriorate the 
quality of life [7].

AIM
The aim is to study the presence of clinical and biochem-
ical correlations between psycho-emotional stress and 
periodontal condition of the patients staying in Ukraine 
during prolonged martial law.

MATERIALS AND METHODS
In January-February, 2021, 61 young persons in the age 
of 18-35 years applied to the Dental Medical Center of 
NMU named after O.O. Bogomolets for examination and 
treatment. The study covered 49 persons, including 22 
men (44.9%) and 27 women (55.1%). Examined patients 
were divided into two clinical groups, dependent on the 
diagnosis: group І consisted of 20 (40.8%) patients with 
Gingivitis: dental biofilm-induced; group ІІ included 29 
(59.2%) patients with stage I Periodontitis. Before the 
beginning of examination and treatment, voluntary 
informed consent was obtained from all the patients 
in accordance with the protocol. Those patients un-
derwent a comprehensive clinical, radiological and 
laboratory examination; a treatment and prevention 
scheme was developed for them in accordance with 

the protocols (depending on the established diagnosis), 
recommendations were issued, and they were entered 
into the dispensary register.

Oral health status examination of the patients included 
diagnostics of the key indicators of the oral cavity state 
and periodontal screening with determination of clini-
cal indices. The intensity of dental caries was assessed 
using the CFE index. The hygienic condition of the oral 
cavity was assessed using the oral cavity hygiene index 
OHI-S (Green-Vermillion index) and approximal plaque 
index – API (Lange). Periodontal examination included 
determination of the PMA index (C. Раrma), periodontal 
screening and registration (PSR), probing pocket depth 
(PPD), loss of the clinical attachment level (CAL), presence 
of recession, nature of exudate. Probing was performed 
with a periodontal probe at six points around each 
tooth. Gum bleeding was determined by the papillary 
bleeding index (PBI, H.R. Muhlemann). The results of all 
examinations and measurements were entered in the 
periodontal card of the patient.

The condition of the teeth, bone tissue of the alveolar 
process, and jaws was assessed using orthopanto-
mography and the data of targeted contact intraoral 
radiographs.

The diagnosis of periodontal diseases was established 
according to the new classification of periodontal and 
peri-implant diseases and conditions of the World 
Working Group, sponsored by the American Academy 
of Periodontology (AAP) and the European Federation 
of Periodontology (EFP) in 2017.

To assess the physiological level of stress resistance, 
a laboratory biochemical blood test was performed 
to determine the “stress hormone”, cortisol – a marker 
of the endocrine system for the protection of the psy-
cho-emotional sphere from negative influences.

In 2022-2023, patients underwent control exam-
inations in the near and distant observation periods. 
It should be noted that in 2023, before the start of 
the comprehensive follow-up clinical and laboratory 
examination, all patients filled out a questionnaire 
to determine their psycho-emotional state in the 
conditions of prolonged martial law in Ukraine. This 
questionnaire was specially developed for the differen-
tiated diagnostics of depressive and similar conditions 
by the method of V. Zung (Low mood-subdepression 
Scale (LMSS)) [8].

The statistical analysis of the obtained data was 
carried out on a PC using Microsoft Excel 2021, 
StatSoft Statistica 12 software. For the samples, 
the conformity of the empirical distributions to the 
normal law (Gaussian distribution) was assessed 
according to the Kolmogorov-Smirnov and Sha-
piro-Wilk criteria, being the basis for selection of 
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divided into two clinical groups, dependent on the 
diagnosis: group І consisted of 20 (40.8%) patients with 
Gingivitis: dental biofilm-induced; group ІІ included 29 
(59.2%) patients with stage I Periodontitis.

Following a biochemical blood test among 49 pa-
tients at the beginning of clinical examination for the 
level of cortisol hormone in 2021, indicators within 
the physiological norm were detected in 48 patients 
(97.9%). Only in 1 patient (2.1%), an insignificant in-
crease in its level was detected. By its clinical diagnosis 
patient belonged to group ІІ with Periodontitis stage I.

PERIODONTAL ORAL HEALTH STATUS
Periodontal oral health status in 49 patients in the 
respective clinical groups with dental biofilm-induced 
Gingivitis (group І) and stage I Periodontitis (group 
ІІ) in January-February 2021 (initial state) and Janu-
ary-February 2022, that is, after 1 year of observation 
but before the introduction of martial law in Ukraine, 
is described in Table 1.

During the control examination of patients with 
Gingivitis in group І in 2022, OHI-S index on average 
equaled 0.73±0.1 points, which corresponded to satis-
factory hygiene (р<0.05). АРІ index on average equaled 

the statistical criteria: Student’s t-test, analysis of 
variance (ANOVA), analysis of variance according to 
Friedman’s test, Mann-Whitney U-test, Wilcoxon’s 
test, Spearman’s correlation coefficient. In the work, 
the studied values are presented in the form of the 
mean value of the variant M, the standard error of 
the mean value m, the median value of the median 
Me and the interquartile range QI-QIII.

RESULTS

DEMOGRAPHIC AND CLINICAL DATA
In January-February, 2021, 61 young persons in the 
age of 18-35 years applied to the Dental Medical 
Center of NMU named after O.O. Bogomolets for 
examination and treatment: 24 (39.3%) – men, and 
37 (60.7%) – women. The prevalence of periodontal 
diseases among young patients was as follows: 3 
persons (4.9%) – Periodontal and Gingival health; 21 
persons (34.4%) – Gingivitis: dental biofilm-induced; 
30 persons (49.2%) – Periodontitis stage I; 7 persons 
(11.5%) – Periodontitis stage II (Fig. 1).

Out of 61 persons, the research covered 49 persons: 
22 male (44.9%) and 27 female (55.1%). Patients were 

Table 1. State of Periodontal oral health status in patients with Gingivitis and Periodontitis

Index
Group І, М±m, Ме (QI-QIII) Group ІІ, М±m, Ме (QI-QIII)

2021,
initial state

2022,  
control, before the war

2021,
initial state

2022,  
control, before the war

OHI-S, score 1.98±0.1 0.73±0.1; р<0.05 2.67±0.07 1.25±0.07; р<0.05

API, % 96.6 (90.0-100) 54.8 (46.5-56.5); р<0.05 100 (96.8-100) 56.3 (53.1-63.3); р<0.05

РМА, % 27.4 (20.4-38.2) 10.4 (9.5-11.9); р<0.05 41.4 (30.0-48.9) 13.5 (12.2-14.4); р<0.05

PBI, score 1.02 (0.81-1.22) 0.31 (0.26-0.35); р<0.05 1.47 (1.29-1.60) 0.43 (0.33-0.47); р<0.05

PPD, mm 1.81 (1.63-2.0) 1.03 (1.00-1.07); р<0.05 3.05 (2.64-3.17) 2.00 (1.75-2.13); р<0.05

PSR, code 1.50 (1.08-1.83) 0.67 (0.67-0.83); р<0.05 2.17 (1.83-2.33) 1.17 (0.83-1.33); р<0.05

Notes: р – indicator of probability of differences, compared to the initial data.

Fig. 1. Prevalence of 
periodontal diseases 
in young people in 
Ukraine.
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54.8 (46.5-56.5)%, which corresponded to satisfactory 
interdental hygiene (р<0.05). РМА index on average 
equaled 10.4 (9.5-11.9)%, which corresponded to the 
light degree of inflammation (р<0.05). РВІ index on 
average equaled 0.31 (0.26-0.35) points (р<0.05). Peri-
odontal indicator of probing pocket depth (PPD) on 
average equaled 1.03 (1.00-1.07) mm (р<0.05). PSR code 
on average equaled 0.67 (0.67-0.83) (р<0.05).

In group ІІ patients with stage I Periodontitis, OHI-S 
index on average equaled 1.25±0.07 points, which 
corresponded to satisfactory hygiene (р<0.05). АРІ 
index on average equaled 56.3 (53.1-63.3)%, which cor-
responded to satisfactory interdental hygiene (р<0.05). 
РМА index on average equaled 13.5 (12.2-14.4)%, which 
corresponded to the light degree of inflammation 
(р<0.05). РВІ index on average equaled 0.43 (0.33-0.47) 
points (р<0.05). PPD index on average equaled 2.00 
(1.75-2.13) mm (р<0.05). PSR code on average equaled 
1.17 (0.83-1.33) (р<0.05).

In February-March, 2023, that is, after 2 years of 
observation and 1 year of life of Ukrainians in the in 
the conditioned of prolonged martial law in Ukraine, 
control examination and analysis of data of the patients 
in the study groups were performed. Their data have 

shown that in group І with Gingivitis, “stabilization” of 
the process was observed in 50% of patients; the pro-
cess in periodontal tissues remained “unchanged” in 
15%; 35% of patients met the criteria of “progression”. In 
group ІІ with stage I Periodontitis, “stabilization” of the 
process was observed in 41.4% of patients; the process 
in periodontal tissues remained “unchanged” in 17.2%; 
41.4% of patients met “progression” criteria (Table 2).

Therefore, the results of clinical and laboratory ex-
amination have shown that out of 49 patients with 
periodontal diseases, positive results and stabilization 
of the pathological processes were achieved only by 
22 patients, that is, in 44.9% of cases. This is a very low 
treatment efficiency indicator, which may be attributed 
to the extremely difficult psycho-emotional, physical 
and financial standing of the Ukrainian population 
during the war in Ukraine.

Periodontal oral health status in patients of two clin-
ical groups with Gingivitis and Periodontitis, stage I, in 
2023, that is, after 1 years of martial law in Ukraine, is 
described in Table 3.

The dynamic of most patients in both clinical groups 
with Gingivitis and Periodontitis stage I after 2 years 
of observation and one year of war in Ukraine has 

Table 2. Clinical efficiency of treatment of patients with Gingivitis and Periodontitis after a remote observation period (2 years in total and 1 year of war)
Treatment results

Total
Stabilization Unchanged Progression

abs. % abs. % abs. % abs. %

Clinical group І 10 50 3 15 7 35 20 100

Clinical group ІІ 12 41.4 5 17.2 12 41.4 29 100

Total 22 44.9 8 16.3 19 38.8 49 100

Table 3. State of Periodontal oral health status in patients with Gingivitis and Periodontitis after a remote observation period (2 years in total and 1 
year of war)

Index

Group І, 
М±m, Ме (QI-QIII)

Group ІІ, 
М±m, Ме (QI-QIII)

2021,
initial state

2022,  
control, before 

the war

2023,  
control, after 1 

year of war

2021,
initial state

2022,  
control, before 

the war

2023,  
control, after 1 

year of war

OHI-S, score 1.98±0.1 0.73±0.1;
р<0.05

1.25±0.15;
р<0.05 2.67±0.07 1.25±0.07;

р<0.05
2.10±0.13;

р<0.05

API, % 96.6 (90.0-100) 54.8 (46.5-56.5);
р<0.05

93.4 (85.7-100);
р>0.05 100 (96.8-100) 56.3 (53.1-63.3);

р<0.05
100 (96.7-100);

р>0.05

РМА, % 27.4 (20.4-38.2) 10.4 (9.5-11.9);
р<0.05

17.7 (14.0-31.3);
р<0.05 41.4 (30.0-48.9) 13.5 (12.2-14.4);

р<0.05
31.1 (19.5-37.5);

р>0.05

PBI, score 1.02 (0.81-1.22) 0.31 (0.26-0.35);
р<0.05

0.59 (0.39-1.07);
р<0.05 1.47 (1.29-1.60) 0.43 (0.33-0.47);

р<0.05
1.33 (0.62-1.43);

р>0.05

PPD, mm 1.81 (1.63-2.0) 1.03 (1.00-1.07); 
р<0.05

1.37 (1.13-1.95);
р<0.05 3.05 (2.64-3.17) 2.00 (1.75-2.13);

р<0.05
2.82 (2.07-3.05);

р>0.05

PSR, code 1.50 (1.08-1.83) 0.67 (0.67-0.83); 
р<0.05

0.83 (0.67-1.50);
р<0.05 2.17 (1.83-2.33) 1.17 (0.83-1.33);

р<0.05
1.83 (1.33-1.83);

р<0.05

Notes: р – indicator of probability of differences, compared to the initial data.
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shown a significant deterioration of the indices of hy-
giene, РМА inflammation, РВІ bleeding, periodontal 
indicators of PPD and PSR, as compared to the data of 
follow-up control after 1 year of observation, before the 
introduction of martial law, in almost 55% of patients, 
compared to the initial examination data. Only 45% of 
patients demonstrated positive dynamics after a long 
observation period.

In group І of patients with Gingivitis OHI-S index in 
2023 (that is after 1 year of war) on average equaled 
1.25±0.15 points, which corresponded to satisfactory 
hygiene, while remaining 35.9% lower, compared to 
the initial level (р<0.05). АРІ index deteriorated sub-
stantially, on average equaling 93.4 (85.7-100)%, which 
corresponded to unsatisfactory interdental hygiene, 
and did not statistically differ from the initial level 
(р>0.05). РМА index also declined, on average equal-
ing 17.7 (14.0-31.3)%, which corresponded to the light 
degree of inflammation, while remaining 35.4% lower, 
compared to the initial level (р<0.05). РВІ index on av-
erage equaled 0.59 (0.39-1.07) points, remaining 42.1% 
lower, compared to the initial level (р<0.05). Periodontal 
indicator PPD on average equaled 1.37 (1.13-1.95) mm, 
while remaining 24.3% lower, compared to the initial 
level (р<0.05). PSR code on average equaled 0.83 (0.67-
1.50), remaining 44.6% lower, compared to the initial 
level (р<0.05).

Among patients with Periodontitis stage I in group ІІ, 
OHI-S index after 1 year of war deteriorated substan-

tially and on average equaled 2.10±0.13 points, which 
corresponded to unsatisfactory hygiene, while remain-
ing 21.3% lower, compared to the initial level (р<0.05). 
АРІ index also sharply declined, on average equaling 
100 (96.7-100)%, which corresponded to unsatisfac-
tory interdental hygiene, and did not substantially 
differ from the initial level (р>0.05). РМА index sharply 
declined, too, on average equaling 31.1 (19.5-37.5)%, 
which corresponded to average inflammation, and 
did not statistically differ from the initial level (р>0.05) 
either. РВІ index on average equaled 1.33 (0.62-1.43) 
points, and also did not statistically differ from the initial 
level (р>0.05). Periodontal PPD indicator on average 
equaled 2.82 (2.07-3.05) mm, and did not statistically 
differ from the initial level (р>0.05). PSR code on average 
equaled 1.83 (1.33-1.83), while remaining 15,7% lower, 
compared to the initial level (р<0.05).

Evaluation of the biochemical marker of stress of the 
cortisol hormone was carried out before the clinical and 
laboratory examination of patients of both groups in 
2023, that is, 2 years after the first visit. The biochemical 
blood test showed a slight increase in the level of corti-
sol in 9 out of 49 patients, making 18.4%. Noteworthy, 
exactly these 9 patients during the control examination 
in 2023 were diagnosed with the clinical state of “un-
changed” or “progression” of the pathological process 
in the periodontal tissues: 2 patients of clinical group І 
with Gingivitis had «progression»; 2 patients of clinical 
group ІІ with Periodontitis stage I had an «unchanged» 

Fig. 2. Scatterplot of indicator 
of Clinical status against level 
of Cortisol.
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By the Zung (low mood-subdepression scale), the av-
erage value of the index of depression equals 61.2±0.91 
points. In most patients – 32 out of 49 patients, making 
65.3% – a substantial deterioration of the spirit and 
emotional instability (range 3) were detected. Only in 
4 patients, making 8.2%, no deterioration of the spirit 
(range 1) was observed. In 11 patients, making 22.4%, a 
slight but clear deterioration of the spirit was observed 
(range 2). Unfortunately, 3 patients, making 6.1%, 
demonstrated deep depression and suspense (range 4).

Distribution of 49 patients in both clinical groups with 
Gingivitis and Periodontitis by the range of scale assess-
ments according to the V.Zung method dependent on 
periodontal oral health clinical status in 2023 – «stabili-
zation», «unchanged» and «progression» – is shown on 
Fig. 4. The condition of «stabilization» was observed in 
22 patients, in that, 4 patients – range 1 according to 
the V.Zung method, 6 patients – range 2, 12 – range 3, 
0 patients – range 4. The «unchanged» condition was 
observed in 8 patients, in that, 0 patients – range 1, 2 
patients – range 2, 5 patients – range 3, 1 patient – range 
4. The condition of «progression» was observed in 19 
patients, in that, 0 patients – range 1, 3 patients – range 
2, 14 patients – range 3, 2 patients – range 4 (Fig. 4).

Distribution of patients in both clinical groups by the 
range of scale assessments according to the V.Zung method.

Statistical analysis revealed a weak correlation, ac-
cording to the Spearman correlation coefficient (R=0.40, 
р<0.05), between the periodontal oral health status in 

condition, and 5 patients of clinical group ІІ with Peri-
odontitis stage I had «progression».

Statistical analysis revealed a weak correlation, ac-
cording to the Spearman correlation coefficient (R=0.36, 
р<0.05), between the periodontal oral health status in 
patients with Gingivitis and Periodontitis in 2023 and 
the elevated level of cortisol in their blood (Fig. 2). It also 
established a weak correlation, according to the Spear-
man correlation coefficient (R=0.45, p<0.05), between 
the indicator of changes in the periodontal PPD index 
in the dynamics of treatment and the elevated level of 
blood cortisol (Fig. 3).

PSYCHOLOGICAL ASSESSMENT
Extreme living conditions, martial law and combat 
factors in Ukraine, in which the Ukrainian population 
appeared at the beginning of 2022, exert rather strong 
influence on the psycho-emotional sphere and the 
quality of life of a human. The intensity of perception 
of combat stress depends on the interaction of two 
main factors: the power and length of influence of 
combat factors on the mind, and the specific individual 
response to the effect of these factors.

At the beginning of 2023, before the follow-up clinical 
and laboratory examination, all patients were inter-
viewed (V.Zung) to identify their psycho-emotional 
state in the conditions of prolonged martial law in 
Ukraine.

Fig. 3. Scatterplot of PPD 
difference against level of 
Cortisol.
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of the oral cavity. Poor hygiene of the oral cavity due 
to stress can contribute to the accumulation of dental 
plaque and, over time, occurrence of gingivitis and 
periodontitis [13]. We observed a similar situation in 
our study: the indices of OHI-S and ARI significantly 
worsened in both groups after the beginning of the war.

Experimental studies in vitro have shown that the 
elevated level of cortisol in the blood plasma can 
provoke an inappropriate response of T-helpers to a 
microbial stressor and contribute to the destruction 
of the periodontium [14]. Psycho-emotional stress, 
which was determined by the increase in the level of 
cortisol in the oral fluid, is believed to be a risk factor in 
the pathogenesis of periodontal diseases (generalized 
periodontitis) [15].

Our study has established correlations according to 
the Spearman correlation coefficient (R=0.36, p<0.05) 
between the clinical periodontal oral health status in 
patients with Gingivitis and Periodontitis and their 
elevated blood level of cortisol. Correlations were 
also established according to Spearman’s correlation 
coefficient (R=0.39, p<0.05) between V. Zung’s scale 
assessments of adverse mental conditions and the 
blood level of cortisol. Glucocorticosteroids, in partic-
ular, cortisol, suppress immunity, including secretory 
IgA, IgG and functions of neutrophilic granulocytes. 
All these factors may be important in the protection of 
the periodontium from infection of the periodontium 
by pathogenic microorganisms. Secretory IgA anti-
bodies can protect the periodontium by reducing the 
initial colonization of periodontium pathogens. IgG 
antibodies can provide protection through opsoniza-
tion of periodontium pathogenic microorganisms for 

patients with Gingivitis and Periodontitis in 2023 and 
the scale assessments of adverse mental conditions 
according to V.Zung (Fig. 5).

Correlation of weak strength was identified, according 
to the Spearman correlation coefficient (R=0.39, р<0.05), 
between scale assessments of adverse mental conditions 
according to V.Zung and the blood level of cortisol (Fig. 6).

Weak correlation was identified, according to the 
Spearman correlation coefficient (R=0.36, р<0.05), be-
tween scale assessments of adverse mental conditions 
according to V.Zung and the change of the periodontal 
index PPD in the dynamics of treatment (Fig. 7).

DISCUSSION
The possible correlation between psychological stress 
and generalized periodontitis was covered in a number 
of clinical studies. It was suggested that stress might 
play an important role in the development and severity 
of periodontal diseases [9]. It was established that indi-
viduals who experienced stress were more prone to the 
development and progression of periodontal diseases 
than subjects without stress [10, 11]. Our study identi-
fied correlations between scale assessments of adverse 
mental conditions according to V.Zung and periodontal 
oral health status in both observation groups, using 
the Spearman correlation coefficient (R=0.36, р<0.05).

Over the past decade, it has become more obvious 
that stress can negatively affect the health of the oral 
cavity, which can lead to increased plaque and gum 
inflammation [12].

Ravishankar et al. (2014) discovered that psychologi-
cal stress can disrupt the lifestyle and hygienic condition 

Fig. 4. Distribution of patients 
in both clinical groups by the 
range of scale assessments 
according to the V. Zung 
method.
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CONCLUSIONS
The our research results have shown that psycho-emo-
tional stress is a factor that contributes to the patho-
genesis of periodontal diseases and an increase in the 
level of cortisol in blood serum.

phagocytosis and their destruction by neutrophils. 
This leads to an increased susceptibility to infection 
of periodontal tissues, which, in turn, leads to the 
development of destruction of the periodontium and 
generalized periodontitis.

Fig. 5. Scatterplot of rate of 
Method V. Zung against of 
indicator of Clinical status.

Fig. 6. Scatterplot of rate of 
Method V.Zung against level 
of Cortisol.
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and a psychologist (neuropathologist) for the purpose of 
normalizing and improving the psycho-emotional state 
of patients with increased indicators of stress and fear.

Considering the results of the research, it is important 
that dentists take into account stress factors as risks of 
periodontal diseases, their severity and reduction of 
the efficiency of treatment. Patients with chronic stress 
should be regularly reminded to maintain the health 
of periodontal tissues through constant motivation 
and an increase in the number of oral cavity hygiene 
procedures.

Stress also negatively influences the health of the 
periodontium through behavioral and lifestyle changes, 
increasing careless attitude to the oral cavity hygiene. It 
also influences the health of the periodontium through 
a direct biological effect, mediated by a change in the 
state of saliva, changes in the blood circulation of the 
gums and an effect on the body’s immune response.

The obtained by us results give reason to consider it 
necessary to receive a consultation and, if required, treat-
ment from a related specialist: an endocrinologist for the 
purpose of correcting the imbalance of the hormonal state 

Fig. 7. Scatterplot of rate of 
Method V.Zung against PPD 
difference.
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INTRODUCTION
Traumatic brain injury (TBI) in the structure of polytrau-
ma trauma is a serious problem for health care [1]. De-
spite the creation of specialized department of trauma 
and intensive care units, which has led to a reduction 
in mortality in polytrauma from exsanguination, acute 
respiratory distress syndrome and multiple organ dys-
function syndrome, TBI-related mortality remains the 
most common cause of death in trauma [2, 3]. It has 
been proven that the severity of TBI is the dominant 
factor in the mortality of victims with polytrauma [4].

Combined trauma contributes to the worsening of 
secondary brain damage. It is based on coagulopa-
thy, hypotension, fever and hypoxia, which initiate 
a sequence of ischemic and damaging biochemical 
processes [5].

Age has been shown to be an independent predictor 
of TBI mortality. In older people, the frequency and 
severity of brain injury is associated with deterioration 
in motor and physiological functions, a higher risk of 
low-energy falls, and the appearance of intracranial 
hematomas with slow exacerbation [6], while younger 
patients usually suffer injuries related to sports, work, 
and road accidents and are more prone to polytrauma 
[7]. The age characteristics of patients, mechanisms 
of injury, and kinetics of brain damage emphasise the 
difficulties of approaches to TBI [8], which requires fur-
ther in-depth study of the pathogenesis of combined 
cranioskeletal trauma (CST) in the age-related aspect.

As a result of physical trauma, there are disorders of 
the protective layers of the skin, fascia, capsules and 
underlying tissues. These injuries lead to the gener-
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ABSTRACT
Aim: The aim of the study was to determine the impact of cranioskeletal trauma (CST) on the development of endogenous intoxication syndrome in rats of 
different ages.
Materials and Methods: The experiments involved 147 white male Wistar rats of different age groups. The first experimental group included sexual im-
mature rats aged 100-120 days. The second group includes sexually mature rats aged 6-8 months. The third group included old rats aged 19-23 months. In 
all experimental groups, CST was modelled under thiopentalonatrium anaesthesia. The control rats were only injected with thiopentalonatrium anaesthesia. 
The animals were withdrawn from the experiments under anaesthesia after 1, 3, 7, 14, 21 and 28 days by total bleeding from the heart. In blood serum, the 
content of fractions of molecules of middle mass was determined at a wavelength of 254 and 280 nm (MMM254, MMM280).
Results: As a result application of CST in rats of different age groups, an increase in the serum content of MMM254 and MMM280 was observed with a maximum 
after 14 days and a subsequent decrease by 28 days. At all times of the experiment, the indicators were statistically significantly higher compared to the control 
groups. The degree of growth of the MMM254 fraction after 1, 7 and 14 days was statistically significantly higher in sexual immature rats, and after 21 and 28 
days – in old rats. In old rats after 21 and 28 days of the post-traumatic period, the content and degree of growth of the MMM280 fraction in the blood serum 
were also significantly higher.
Conclusions: Modelling of CST in rats of different age groups is accompanied by the development of endogenous intoxication syndrome, which is manifested 
by the accumulation of MMM254 and MMM280 fractions in the blood serum with a maximum after 14 days of the experiment. The content of the serum fraction 
of MMM254 in sexual immature rats in the dynamics of experimental CST exceeds other age groups after 1, 7 and 14 days, in old rats the content of the studied 
MMM fractions is significantly higher after 21-28 days.
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ation and release of damage-associated molecular 
fragments, including membrane debris, mitochondrial 
components, histones, DNA and RNA fragments, and 
damaged proteins [9]. Together with the products of 
normal and impaired metabolism, trauma results in 
the formation of a toxic excess of biologically active 
substances of molecular of middle mass (MMM) of 300-
5000 daltons. As shown in the study [10], an increase 
in the concentration of MMM is one of the markers 
of the transition of the inflammatory toxic stage of 
endogenous intoxication syndrome in TBI to the stage 
of systemic endogenous intoxication. However, in the 
age aspect, the dynamics of the content of MMM in the 
blood under conditions of CST has not been studied.

AIM 
To determine the effect of CST on the development of 
endogenous intoxication syndrome in rats of different 
ages

MATERIALS AND METHODS
The experiments were performed out on 147 white 
male Wistar rats of different age groups, which were 
selected randomly and kept on a standard vivarium 
diet. The first experimental group included sexually 
immature rats aged 100-120 days and weighing 90-110 
g. The second group included sexually mature rats aged 
6-8 months and weighing 180-200 g. The third group 
included old rats aged 19-23 months and weighing 
300-320 g.

In all experimental groups (49 rats each), according 
to the method described in the study [10], CST was 
modelled under thiopentalonatrium anaesthesia (40 
mg∙kg-1). To modelling skeletal trauma - a closed fracture 
of the femur, sexual immature rats were firstly subject-
ed to a dosed mechanical impact with a steel object 
with a wedge-shaped nozzle on the projection of the 
middle third of the left femur with an energy of 0.320 
J, sexually mature rats - with an energy of 0.637 J, and 
old rats - with an energy of 0.796 J. Next, a dosed blow 
to the skull was applied with a blunt object to sexual 
immature rats at a point 3 mm anterior to the interaural 
line with an energy of 0.226 J, to sexual mature rats at a 
point 5 cm anterior to the interaural line with an energy 
of 0.375 J, and to old rats at a point 6 mm anterior to 
the interaural line with an energy of 0.549 J. Impact 
energy caused moderate TBI in animals of different age 
groups. No animals with penetrating skull damage or 
open femur fracture were used in the experiments. In 
the control groups (7 rats each), animals were only put 
under thiopentalonatrium anaesthesia.

The rats were withdrawn from the experiments under 
anaesthesia after 1, 3, 7, 14, 21 and 28 days by total 
bleeding from the heart. In blood serum, the content 
of individual fractions of MMM was studied at 254 
nm (MMM254, peptide fraction) and 280 nm (MMM280, 
chromatophore fraction) using an Ulab 108 UV spec-
trophotometer (China) [11].

The experiments were performed in accordance 
with the ‘General Ethical Principles for Experiments on 
Animals’ adopted by the First National Congress on Bio-
ethics (Kyiv, 2001) and agreed with the provisions of the 
‘European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific 
Purposes’ (Strasbourg, 1986), as well as the conclusion 
of the Bioethics Commission of the I. Ya. Horbachevsky 
Ternopil National Medical University, Ministry of Health 
of Ukraine No. 72 of 06.01.2023.

The obtained digital material was processed in the 
STATISTICA software package (StatSoft Inc., USA). The 
median (Me), lower and upper quartiles (LQ, UQ) were 
determined. For an independent comparison of the 
degree of deviation of indicators in animals of differ-
ent age groups, the average ratio of individual values 
of the studied indicators to the average value of the 
control group was calculated [12]. The significance 
of differences was assessed by the nonparametric 
Mann-Whitney test.

RESULTS
As can be seen from Table 1, in the control groups of 
rats, the highest content of the fraction of MMM254 in 
the blood serum was observed in the group of sexually 
mature and old rats, which was 27.2 and 11.0 % higher, 
respectively, than in the group of sexually immature 
rats (p1-2<0.05, p1-3<0.05). In 1 day after the application 
of CST in the groups of experimental rats, the content 
of the MMM254 fraction in the blood serum increased 
significantly compared to the result of the control group 
- in sexually immature rats by 6.06 times (p<0.05), in 
mature rats – by 5.05 times (p<0.05), in old rats – by 4.71 
times (p<0.05). The value of the studied index became 
statistically significantly higher in experimental groups 
1 and 2 compared to experimental group 3 (by 15.9 
and 22.8 %, respectively, p1-3<0.05, p2-3<0.05). Sub-
sequently, after 3 days in the experimental groups of 
rats of different ages, the index significantly decreased 
compared to the result of day 1: in experimental group 
1 – by 2.34 times (p<0.05), in experimental group 2 – 
by 2.25 times (p<0.05), in experimental group 3 - by 
1.69 times (p<0.05), but in all experimental groups it 
remained statistically significantly higher than in the 
control (2.59, 2.24 and 2.79 times, respectively, p<0.05). 
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Under these conditions, the index in the group of old 
rats was significantly higher than in the group of sexu-
ally immature rats (by 19.6 %, p1-3<0.05).

Further, up to 14 days, compared with the result of 3 
days, the index in all experimental groups increased and 
reached the level of 1 day of the posttraumatic period 
(p>0.05), significantly exceeded the result of the control 
group (p<0.05) and significantly prevailed in the groups 
of sexually immature and mature rats compared with 
old rats (p1-3<0.05, p2-3<0.05). By day 28, the index in all 
experimental groups decreased. Compared with the 
result of the 14th day, the index in experimental group 
1 decreased by 2.54 times (p<0.05), in experimental 
group 2 – by 3.27 times (p<0.05), in experimental 
group 3 – by 1.90 times (p<0.05), but in all experimen-
tal groups the index continued to remain significantly 
higher than in the control (respectively by 2.31, 1.46 
and 2.62 times, p<0.05). At this time of the post-trau-
matic period in the group of old rats, the index was 
statistically significantly higher than in the groups of 
sexually immature and mature rats (by 24.1 and 57.1 %,  
respectively, p1-3<0.05, p2-3<0.05), and in the group of 
sexually immature rats it was significantly higher than in 
the group of sexually mature rats (by 26.6 %, p1-2<0.05).

The analysis of the dynamics of the average ratio of 
individual values of MMM254 in the blood serum to the 
average value of the control group under the influence 
of cranioskeletal trauma in rats of different ages showed 
(Table 2) that 1 day after the application of CST, the 
index was significantly higher in experimental group 
1 compared to experimental groups 2 and 3 (by 20.0 
and 28.7 %, respectively, p1-2<0.05, p1-3<0.05). After 3 
days, the index in all experimental groups decreased 
and was significantly higher in experimental group 
3 compared to experimental group 2 (by 24.6 %,  
p2-3<0.05). Up to 14 days, the index increased and at this 
time in experimental group 1 statistically significantly 
exceeded the result of experimental groups 2 and 3 (re-
spectively by 25.4 and 19.9 % (p1-2<0.05, p1-3<0.05). Sub-
sequently, the index decreased and after 28 days was 
significantly higher in experimental group 3 compared 
to experimental groups 1 and 2 (by 13.4 and 79.4 %,  
respectively, p1-3<0.05, p2-3<0.05). In experimental group 
1, the index exceeded the result of experimental group 
2 (by 58.2 %, p1-2<0.05).

In turn, under the influence of CST, the content of 
the fraction of MMM280 in the blood serum (Table 3) in 
immature rats compared to the control also increased 
after 1 day of the experiment (by 44.2 %, p<0.05) and 
remained at the same level after 3 days (p>0.05). Sub-
sequently, the index gradually increased up to day 14 of 
the experiment and at this time was 3.34 times higher 
than the control level (p<0.05) and was significantly 

higher than the result of the previous observation pe-
riods (2.32, 1.91 and 1.77 times, respectively, p<0.05). 
After 21 days, the index decreased, but the differences 
with respect to the result of the 14th day of the exper-
iment were not statistically significant (p>0.05). Sub-
sequently, after 28 days of the experiment, the index 
continued to decrease and was statistically significantly 
lower compared to the results of 14 and 21 days of the 
experiment (p>0.05), but remained significantly higher 
compared to the results of 1, 3 and 7 days of the exper-
iment (p<0.05).

In sexually mature rats, the content of the MMM280 
fraction in the blood serum under the influence of CST 
also increased compared to the control after 1 day of 
the experiment (by 77.7 %, p<0.05). Subsequently, 
the index continued to increase and reached the first 
“plateau” in 3-7 days. During these periods, the index 
was statistically significantly higher than the result 
of the 1st day of the experiment (by 13.5 and 16.1 %, 
respectively, p<0.05). After 14 and 21 days, the index 
continued to increase, reached the second “plateau” 
and exceeded the result of day 7 by 66.8 and 65.5 %, 
respectively (p<0.05). By day 28, the index decreased 
and was statistically significantly lower compared to the 
results of days 14 and 21 of the experiment (p<0.05), 
but significantly exceeded the results of days 1, 3 and 
7 of the experiment (p<0.05).

In old rats, the content of the MMM280 fraction in the 
blood serum after modeling of CST increased by 65.0 %  
(p<0.05) compared to the control after 1 day of the 
experiment. Subsequently, the index after 3 and 7 days 
of the experiment continued to increase, reached the 
first “plateau” and was statistically significantly higher 
compared to the result of 1 day, respectively, by 45.6 
and 45.9 % (p<0.05). Subsequently, the index gradually 
increased until day 21 of the experiment and was 55.7% 
higher compared to the result of day 7 of the experi-
ment (p<0.05) and 17.4% higher compared to the result 
of day 14 (p<0.05). After 28 days, the index decreased 
and reached the level of day 14 (p>0.05). During this 
period of the experiment, the index was significantly 
lower compared to the result of 21 days (p<0.05), and 
statistically significantly higher than the result of 1, 3 
and 7 days (p<0.05).

Comparison of the experimental groups showed that 
after 1, 3 and 14 days of the experiment, the differences 
in the content of the fraction of MMM280 in the blood 
serum were not statistically significant (p1-2>0.05,  
p1-3>0.05, p2-3>0.05). At the same time, after 3, 7, 21 and 
28 days of the experiment, the index was the highest 
in experimental group 3 and exceeded experimental 
group 1 by 35.7, 26.0, 24.0 and 33.9 %, respectively 
(p1-3<0.05). After 3 and 28 days of the experiment, the 
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index in experimental group 1 was also statistically 
significantly lower compared to experimental group 2 
(by 9.4 and 9.2 %, respectively, p1-2<0.05).

The dynamics of the average ratio of the individual 
values of the content of the fraction of MMM280 in the 
blood serum to the average value of the control group 

(Table 4) showed that the degree of growth of the 
studied indicator in all experimental groups after 1, 3 
and 14 days of the experiment was almost the same  
(p1-2>0.05, p1-3>0.05, p2-3>0.05). After 7, 21, and 28 days 
of experimentation, the degree of growth in experi-
mental group 3 was statistically significantly higher 

Table 1. The content of MMM254 in blood serum under the influence of cranioskeletal trauma in rats of different ages, Me (LQ;UQ) – median (lower and 
upper quartiles)

Animal Group Control
Period after injury

1 day 3 day 7 day 14 day 21 day 28 day

Group 1
Sexually 

immature

0.136
(0.129;
0.138)

0.824*

(0.788;
0.894)

*

0.352*1

(0.320;
0.384)

*1

0.559*1,3

(0.505;
0.580)

*1,3

0.812*3,7

(0.771;
0.818)

*3,7

0.353
(0.336;
0.386)

*1,7,14

0.319
(0.287;
0.326)
*1,7,14,21

Group 2
Sexually
mature

0.173
(0.157;
0.196)

0.873
(0.822;
0.931)

*

0.388
(0.365;
0.421)

*1

0.556
(0.510;
0.590)

*1,3

0.824
(0.805;
0.828)

*3,7

0.377
(0.361;
0.401)

*1,7,14

0.252
(0.239;
0.274)

*1,3,7,14,21

Group 3
Old

0.151
(0.147;
0.166)

0.711
(0.672;
0.766)

*

0.421
(0.390;
0.440)

*1

0.542
(0.503;
0.602)

*1,3

0.752
(0.748;
0.761)

*3,7

0.452
(0.447;
0.471)

*1,7,14

0.396
(0.391; 
0.409) 

*1,7,14

р1-2 <0.05 >0.05 >0.05 >0.05 >0.05 >0.05 <0.05

р1-3 <0.05 <0.05 <0.05 >0.05 <0.05 <0.05 <0.05

р2-3 <0.05 <0.05 >0.05 >0.05 <0.05 <0.05 <0.05

Notes. Here and in table 3:
1.* – differences in relation to the control group are statistically significant (p<0.05);
2.	� 1,3,7,14,21 – differences in the results of days 1, 3, 7, 14 and 21 of the experiment are statistically significant (р<0,05);
2.	� p1-2 – significance of differences between study groups 1 and 2;
3.	� p1-3 – significance of differences between study groups 1 and 3;
4.	� p2-3 – significance of differences between study groups 2 and 3.

Table 2. Dynamics of the average ratio of individual values of kidney MMM280 to the average value of the control group under the influence of cranioskeletal 
trauma in rats of different ages, Me (LQ;UQ) – median (lower and upper quartiles)

Animal Group
Control

1 day 3 day 7 day 14 day 21 day 28 day

Group 1
Sexually  

immature

6.06
(5.79;
6.57)

2.59
(2.35;
2.82)

4.11
(3.71;
4.26)

5.97
(5.67;
6.01)

2.60
(2.47;
2.84)

2.31
(2.11;
2.39)

Group 2
Sexually
mature

5.05
(4,75;
5.38)

2.24
(2.11;
2.43)

3.21
(2.95;
3.41)

4.76
(4.65;
4.78)

2.18
(2.09;
2.32)

1.46
(1.38;
1.58)

Group 3
Old

4.71
(4.45;
5.07)

2.79
(2.58;
2.92)

3.59
(3.33;
3.99)

4.98
(4.95;
5.04)

2.99
(2.96;
3.12)

2.62
(2.59; 
2.71)

р1-2 <0.05 >0.05 <0.05 <0.05 <0.05 <0.05

р1-3 <0.05 >0.05 >0.05 <0.05 <0.05 <0.05

р2-3 >0.05 <0.05 >0.05 >0.05 <0.05 <0.05

Notes. Here and in table 4:
1.	� p1-2 – significance of differences between study groups 1 and 2;
2.	� p1-3 – significance of differences between study groups 1 and 3;
3.	� p2-3 – significance of differences between study groups 2 and 3.
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(24-48 hours after trauma) and, finally, an avalanche-like 
accumulation of MMM starting from the 3rd day after 
trauma (72 hours – 5 days). The authors believe that 
the first stage is due to the entry of endotoxins into 
the bloodstream from damaged brain tissue (primary 
– “cerebral” posttraumatic endotoxemia). The reason for 
further stabilization of the level of endotoxemia could 
be the destruction of endotoxins and their excretion by 
the kidneys (the “plateau” period). At the third stage, a 
pronounced increase in all MMM fractions was noted, 
which is associated not only with the progression of 
nervous tissue damage but also with systemic damage 
to internal organs and tissues of the body due to the 
final formation of endogenous intoxication syndrome 
and multiple organ failure. According to data [14], in-
creased endotoxicity is also characteristic of experimen-

compared to experimental group 1 (by 28.2, 25.8, and 
35.6 %, respectively, p1-3<0.05). Also, in study group 2, 
the index after 21 days was 14.8 % higher than in study 
group 1 (p1-2<0.05), after 28 days – by 15.3 % (p1-2<0.05).

DISCUSSION
The intensification of endogenous intoxication pro-
cesses is one of the key syndromes of traumatic injury. 
According to the results of studies [13], one of the man-
ifestations of endotoxemia in experimental moderate 
and severe TBI is the accumulation of MMM fractions 
in the blood serum. The dynamics of their content 
had a three-phase character: primary accumulation 
(3 hours after trauma), followed by a “plateau” period 
when the level of MMM did not change significantly 

Table 3. The content of MMM254 in blood serum under the influence of cranioskeletal trauma in rats of different ages, Me (LQ;UQ) - median (lower and 
upper quartiles)

Animal Group Control
Period after injury

1 day 3 day 7 day 14 day 21 day 28 day

Group 1
Sexually  

immature

0.226
(0.214;
0.245)

0.326
(0.319;
0.398)

*

0.395
(0.374;
0.416)

*

0.426
(0.410;
0.452)

*1

0.755
(0.695;
0.795)

*1,3,7

0.674
(0.600;
0.714)

*1,3,7

0.502
(0.471;
0.527)

*1,3,7,14,21

Group 2
Sexually
mature

0.216
(0.206;
0.234)

0.384
(0.331;
0.399)

*

0.436
(0.429;
0.460)

*1

0.446
(0.433;
0.515)

*1

0.744
(0.719;
0.756)

*1,3,7

0.738
(0.705;
0.767)

*1,3,7

0.553
(0.532;
0.591)

*1,3,7,14,21

Group 3
Old

0.223
(0.212;
0.234)

0.368
(0.355;
0.399)

*

0.536
(0.517;
0.564)

*1

0.537
(0.515;
0.556)

*1

0.712
(0.686;
0.750)

*1,3,7

0.836
(0.793;
0.909)
*1,3,7,14

0.672
(0.645; 0.692)

*1,3,7,21

р1-2 >0.05 >0.05 <0.05 >0.05 >0.05 >0.05 <0.05

р1-3 >0.05 >0.05 <0.05 <0.05 >0.05 <0.05 <0.05

р2-3 >0.05 >0.05 <0.05 >0.05 >0.05 <0.05 <0.05

Table 4. Dynamics of the average ratio of individual values of kidney MMM280 to the average value of the control group under the influence of cranioskeletal 
trauma in rats of different ages, Me (LQ;UQ) - median (lower and upper quartiles)

Animal Group
Control

1 day 3 day 7 day 14 day 21 day 28 day

Group 1
Sexually  

immature

1.44
(1.41;
1.76)

1.94
(1.89;
2.02)

1.88
(1.81;
2.00)

3.34
(3.07;
3.52)

2.98
(2.65;
3.16)

2.22
(2.08;
2.33)

Group 2
Sexually
mature

1.78
(1.53;
1.84)

2.18
(2.13;
2.27)

2.06
(2.00;
2.38)

3.44
(3.33;
3.50)

3.42
(3.26;
3.55)

2.56
(2.46;
2.73)

Group 3
Old

1.65
(1.59;
1.79)

2.25
(2.12;
2.31)

2.41
(2.31;
2.49)

3.19
(3.08;
3.36)

3.75
(3.55;
4.08)

3.01
(2.89; 
3.10)

р1-2 >0.05 >0.05 >0.05 >0.05 <0.05 <0.05

р1-3 >0.05 >0.05 <0.05 >0.05 <0.05 <0.05

р2-3 >0.05 >0.05 >0.05 >0.05 <0.05 <0.05
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of the studied fractions of MMM gradually decreases 
and by day 28 does not reach the control level.

Analyzing the dynamics of the studied fractions of 
MMM in rats of different ages under the influence of 
CST, we first found that the degree of increase in the 
content of MMM254 fraction in the blood serum after 1 
day significantly prevails in sexually immature rats com-
pared to sexually mature and old rats. Consequently, the 
degree of destructive processes in the affected tissues 
of sexually immature rats is higher, which is obviously 
associated with more pronounced manifestations of 
hypermetabolism syndrome in this age group, which 
is characteristic of the acute period of traumatic illness 
[13]. Subsequently, after 3 days, the endotoxemia 
associated with the MMM254 fraction subsides, but its 
content does not reach the level of the control group. 
During this period, their lowest serum levels were ob-
served in sexually mature rats, and the highest in old 
rats, which is obviously due to the different capacity of 
detoxification systems, which is lower in old rats. After 
7 and 14 days, the rate increased again. The degree of 
increase is again significantly greater in sexually imma-
ture rats, with the lowest rate in sexually mature rats. It 
can be assumed that the repeated increase in the serum 
content of the MMM254 fraction in sexually immature 
rats is mainly due to secondary brain damage, which 
occurs in a delayed manner at a young age, due to the 
peculiarities of the structure of the skull (greater bone 
plasticity, wider subarachnoid space) and brain (greater 
tissue hydrophilicity) [17]. In other study groups, the 
increase in serum MMM254 fraction was due to venous 
damage to internal organs and the development of 
functional insufficiency of detoxification systems.  

Subsequently, during the late manifestations of trau-
matic disease – after 21 and 28 days - the content of 
the fraction of MMM254 in the blood serum decreases, 
but does not reach the level of the control group and 
continues to remain significantly higher. At these times, 
the content of the fraction of MMM254 in the blood se-
rum is statistically significantly higher in old rats and 
the lowest in mature rats. Thus, in old rats, the recovery 
of the affected structures is slower, and the recovery of 
detoxification systems is prolonged.

At the same time, the dynamics of the accumulation 
of the aromatic fraction of MMM280 in the blood serum 
indicates that the level of dysmetabolic disorders in 
internal organs due to CST in all age groups gradually 
increases from day 1 of the experiment. After 3 days, the 
index dominates in old rats, then in sexual mature and 
immature rats. In sexual immature rats, the maximum 
increase in the value of the studied index falls on day 
14, in sexual mature rats – on days 14-21, in old rats – on 
day 21. By day 28, the index decreases in rats of all age 

tal skeletal trauma (fracture of both femurs). However, 
in the dynamics, the content of MMM fractions in the 
blood serum changed in a wave-like manner with a 
significant increase after 3 days of the experiment and 
a subsequent decrease by 7 days.

Work [15] showed that modeling of combined mod-
erate TBI and skeletal trauma (femur fracture) in the 
acute period and the period of early manifestations of 
traumatic illness (1-7 days) causes a gradual increase 
in the content of MMM in the blood serum, indicating 
the leading role of TBI in the formation of endogenous 
intoxication syndrome in the conditions of CST.

Some studies have shown that after modeling of CST, 
the phenomena of endogenous intoxication do not 
subside even during the late manifestations of traumatic 
illness (14-35 days) [16]. The authors have shown that the 
content of serum fractions of MMM in the conditions of 
CST (moderate TBI and closed fracture of both femurs), 
the content of MMM fractions in the blood serum after 
14 days of posttraumatic period significantly exceeds 
the control level, but by 21 days it increased even more, 
followed by a decrease by 35 days, which reached the 
control level. The authors conclude that in the period of 
late manifestations of traumatic disease in the body of 
experimental animals there are prerequisites for increas-
ing the level of endotoxemia, which is primarily due to 
membrane-destructive and dysmetabolic processes.

Our studies have shown that in the acute period of 
traumatic illness (1 day) after modeling of CST, the 
content of the studied fractions of MMM increases in 
the blood serum compared to the control. At this stage, 
the serum is dominated by the content of the MMM254 
fraction, which is considered a general integral indica-
tor of the content of substances of low and medium 
molecular weight (from 500 to 5000 Da), which, in 
addition to peptides, include about 200 compounds of 
normal and abnormal metabolism [13]. Their appear-
ance on the background of CST in the acute period of 
traumatic illness (1 day) is obviously due to the entry 
of endotoxins into the bloodstream from the damaged 
brain tissue, soft tissue, and femur of the injured limb. 
After 3 days, the index decreases, which indicates that 
the process of accumulation of endotoxins in the blood 
was balanced with the processes of their destruction 
and excretion from the body. However, later, after 7-14 
days, the content of the MMM254 fraction in the blood se-
rum increases again. During this period, the maximum 
increase in the concentration of the MMM280 fraction in 
the blood serum is also noted. Given that the MMM280 
fraction characterizes an increase in the content of ar-
omatic amino acids that are not normally formed, their 
accumulation, according to [13], may indicate systemic 
damage to internal organs. Subsequently, the content 
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syndrome in the age aspect and allow a pathogenetic 
approach to the choice of correction agents.

CONCLUSIONS
1.	� The modeling of CST in rats of different age groups 

is accompanied by the development of endogenous 
intoxication syndrome, the manifestation of which is 
the accumulation of MMM254 and MMM280 fractions 
in the blood serum, the content of which gradually 
increases by day 14 of the posttraumatic period, 
followed by a decrease by day 28 and at all times 
statistically significantly exceeds the control level.

2.	� The content of the serum fraction of MMM254 in imma-
ture rats in the dynamics of experimental CST statistically 
significantly exceeds other age groups in the acute pe-
riod (after 1 day) and the period of early manifestations 
of traumatic illness (after 7 and 14 days). In the period 
of late manifestations of traumatic illness (21-28 days), 
the content of serum fractions of MMM254 and MMM280 
significantly exceeds other age groups in old rats.

groups, but does not reach the control level. After 21 
and 28 days, the index became significantly higher in 
old rats compared to immature rats. Thus, the intensity 
of dysmetabolic disorders that occurred at the systemic 
level is significantly higher in old rats, mainly during 
the period of late manifestations of traumatic disease.

Thus, local destructive processes of the brain, soft 
tissues, and bones as a source of endotoxins dominate 
in immature rats during the acute period (after 1 day) 
and the period of early manifestations of traumatic 
injury (after 7 and 14 days), and in old rats during the 
period of late manifestations of traumatic injury (21-28 
days). At the same time, the maximum development of 
dysmetabolic disorders of internal organs as a source of 
endotoxins under conditions of CST occurs mainly in old 
rats and occurs during the period of late manifestations 
of traumatic disease. The revealed peculiarities of en-
dotoxin accumulation in the dynamics of CST in rats of 
different ages indicate the high informativeness of the 
study of MMM fractions for understanding the mech-
anisms of development of endogenous intoxication 
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INTRODUCTION
Phenylketonuria (PKU) is an autosomal recessive error 
of amino acid metabolism, that affects about 1 in 10000 
newborns in Europe [1]. The majority of cases are caused 
by a mutation in the phenylalanine hydroxylase (PAH) 
gene, which results in the absence or reduced activity 
of PAH, the liver’s enzyme that catalyses the conversion 
of phenylalanine to tyrosine. Abnormalities in the en-
zyme’s cofactor, tetrahydrobiopterin (BH4), are respon-
sible for a small number of cases [2]. Table 1 illustrates 
the fundamental metabolic phenotypes in relation to 
blood phenylalanine (Phe) concentrations. The most 
common and severe phenotype is classical PKU [3]. High 
levels of Phe cross the blood-brain barrier and accumu-
late in the brain. In addition, lower levels of tyrosine 
lead to a reduced synthesis of neurotransmitters such 
as dopamine and noradrenaline [4]. The clinical mani-
festations include severe mental retardation, epilepsy, 
neurocognitive deficits and behavioural issues. Patients 
also experience a musty smell, hypopigmentation of 
the skin, hair, irises, and eczema [5]. It is crucial to high-

light that these symptoms can be prevented through 
the immediate initiation of treatment [6]. This is made 
possible by the early diagnosis provided by newborn 
screening programmes. 

AIM
The aim of the review is to increase awareness among 
the population about phenylketonuria and the impor-
tance of newborn screening. It emphasizes how their 
development has significantly enhanced the quality 
of life and prognosis of patients. The purpose is to 
demonstrate that participation in neonatal screening 
is a crucial aspect of health protection.

MATERIALS AND METHODS 
A review of the literature was conducted using the 
PubMed database. In order to identify the most recent 
scientific sources, the results were limited to a period 
between 2015 and 2024. The search terms were formu-
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ABSTRACT
Aim: Phenylketonuria is the most prevalent inherited metabolic disorder. Early detection and prompt treatment can prevent serious neurological consequences. 
This has become possible thanks to the implementation of newborn screening programmes. The objective of this review is to provide readers with a compre-
hensive understanding of the phenylketonuria and the role that neonatal screening plays in the protection of public health. 
Materials and Methods: A review of the literature was conducted using the PubMed database, with the search period encompassing the most recently 
published scientific sources. Analysis of the literature. This article presents phenylketonuria as an example of an inherited metabolic disorder, outlines the 
treatment options, and discusses the potential implications of hyperphenylalaninemia. Furthermore, it also delineates the various aspects of health that are 
influenced by newborn screening. 
Conclusions: Phenylketonuria represents a significant health problem in the population. The development of screening tests has transformed healthcare, 
including improvements in quality of life, prognosis, and reductions in the number of comorbidities in patients. It is essential to disseminate knowledge among 
the society about the importance of newborn screening tests in order to enhance awareness and prevent refusal to participate.
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lated as follows: “phenylketonuria”, “phenylketonuria 
epidemiology”, “phenylketonuria treatment”, “newborn 
screening”, “inherited metabolic disorders”. All articles 
retrieved were subjected to analysis.  

REVIEW AND DISCUSSION

INHERITED METABOLIC DISORDERS:  
A MARGINAL OR SIGNIFICANT HEALTH 
PROBLEM?
Phenylketonuria is one of the most prominent exam-
ples of inherited metabolic disorders (IMDs), which 
comprises over 750 diseases. The majority of these 
conditions are associated with an abnormality in an 
enzyme, cofactor or transporter, resulting in impaired 
functioning of the metabolic pathway [7, 8]. There is a 
common conception that they are very rare; however, 
their cumulative incidence is significant [1]. Their num-
ber is estimated to be 50.9 per 100,000 live births. Early 

detection and treatment of metabolic diseases can 
result in a favourable prognosis. In contrast, undetected 
and untreated cases have adverse consequences. IMDs 
are an important cause of mortality in children under 
the age of five. Approximately 23,500 children die each 
year from metabolic disease, which represents 0.4% of 
all child deaths worldwide [9].

MILESTONES IN THE HISTORY OF 
PHENYLKETONURIA AND NEWBORN 
SCREENING
The most pivotal event that started the history of met-
abolic diseases was the discovery of phenylketonuria 
in 1934 [10]. Dr Fölling examined two siblings who ex-
hibited an intellectual disability and a musty odour. He 
identified phenylpyruvic acid in their urine. Two decades 
later, the description of a Phe-reduced dietary regimen 
marked the beginning of a new era in treatment [11]. 
Following the creation of a method for the diagnosis 

Table 1. Metabolic phenotypes and corresponding pre-treatment blood Phe concentrations [3].
Metabolic phenotypes Pre-treatment blood Phe concentrations

Classical PKU (cPKU) > 1,200 μmol/L

Mild PKU (mPKU) 600–1,200 μmol/L

Mild hyperphenylalaninemia (MHP) 120–600 μmol/L

Fig. 1. Phenylketonuria: Key areas of health protection affected by neonatal screening.
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of PKU, newborn screening was first implemented in 
the United States in 1963 [12]. Subsequently, screening 
tests were developed for other congenital disorders [13]. 
Another significant step was the introduction of tandem 
mass spectrometry (MS/MS) in the 1990s. This analytical 
technique allows the simultaneous measurement of mul-
tiple metabolites in one blood sample. This method has 
led to the expansion of newborn screening programmes 
worldwide. Today, approximately 25 million newborns 
are screened each year using MS/MS [14].

ABOUT NEWBORN SCREENING 
The objective of Newborn Bloodspot Screening (NBS) is 
to identify presymptomatic, treatable congenital condi-
tions at an early stage, allowing for prompt intervention 
[15]. This is important in preventing potentially severe 
complications and reducing mortality in infants and 
children [16]. NBS has evolved from the study of a lim-
ited number of disorders to complex programmes that 
cover over 50 diseases in some countries. In addition to 
inborn errors of metabolism, these include lysosomal 
storage disorders, immunodeficiencies, haemoglobin 
disorders, endocrine disorders, cystic fibrosis, and spinal 
muscular atrophy [17]. The screening process involves 
the testing of dried blood spots within the first few 
days of life [18]. The main motivation for parents to take 
part in the NBS is the prevention of health problems in 
their children. One of the primary reasons for declining 
newborn screening is the concern about potential pain 
from the heel prick [15]. Failure to inform parents of the 
purpose of NBS may cause them to opt out without fully 
understanding the potential risks and benefits [19].

HEALTH PROTECTION – IMPORTANCE OF 
THE NEWBORN SCREENING 
In phenylketonuria, newborn screening plays a crucial role 
in the context of health protection. Figure 1 illustrates the 
manner in which NBS impacts health outcomes.

RAPID INTERVENTION FOR BRAIN 
PROTECTION
Early detection and immediate treatment can prevent 
the development of serious abnormalities associated 
with phenylketonuria [6]. Management should be ini-
tiated ideally before the age of 10 days [20]. Failure to 
diagnose and treat PKU can lead to acquired microceph-
aly, epilepsy and severe cognitive impairment as a result 
of synaptogenesis defects [4]. Neurological damage be-
comes irreversible within the first few months or years 
of life, depending on plasma Phe concentration [6].

THE ESSENCE OF PHENYLALANINE 
MONITORING IN SUBSEQUENT YEARS
Elevated levels of Phe during late childhood can 
cause changes in nervous system function, resulting 
in attention deficit hyperactivity disorder (ADHD), re-
duced intelligence quotient (IQ), and delayed speech. 
Adolescents and adults may experience impacts on 
executive function and mood. Nevertheless, cognitive 
and behavioural problems can be effectively reversed 
by maintaining optimal phenylalanine levels [4]. 
Adherence to treatment may improve intelligence 
quotient and neuropsychological results [21]. Inad-
equate management of phenylketonuria may lead 
to psychological comorbidities, such as phobias and 
depression [22].

TREATMENT DURATION
The duration of treatment should be determined using 
objective measurements of blood phenylalanine concen-
trations. For individuals with Phe blood levels between 
360 μmol/L and 600 μmol/L, it is recommended up to the 
age of 12 years. Lifelong treatment is advised for those 
with concentrations exceeding 600 μmol/L [23].

DIETARY MANAGEMENT - FUNDAMENTAL 
OF TREATMENT
The primary treatment for phenylketonuria involves 
dietary management, specifically limiting natural pro-
tein intake and consuming low-protein foods [23]. It is 
recommended to avoid high-protein products, such as 
meat, eggs, dairy, cereals, and nuts. The consumption of 
phenylalanine should be adjusted based on individual 
tolerance, as determined by test results [24]. Regular 
monitoring of phenylalanine levels is an essential part 
of the management of phenylketonuria [25]. Supple-
mentation with medical substitutes, such as Phe-free 
amino acids (AA) or low-Phe glycomacropeptide (GMP), 
is used to prevent protein and micronutrient deficiency 
[26]. The dietary treatment method that shows promise 
involves supplementing with large neutral amino acids 
(LNAAs). LNAAs can reduce phenylalanine levels in the 
brain by competing with phenylalanine for the trans-
porter across the blood-brain barrier [27]. Treatment 
with these compounds could be an alternative to a 
demanding low-protein diet in the future [28].

PHARMACOLOGICAL APPROACH AND NEW 
PERSPECTIVES
Some patients report benefit from pharmacological 
treatments, such as sapropterin or pegvaliase. Oral 



Katarzyna Piotrowicz et al. 

1614

sapropterin is a synthetic form of BH4 that can activate 
residual PAH and reduce phenylalanine levels when 
used in conjunction with a controlled diet. However, 
its effectiveness is limited, with only 20-56% of pa-
tients responding to treatment with this medication 
[29]. Following a lifelong phenylalanine-restricted diet 
is demanding and burdensome [30]. It is estimated 
that only 32% of patients follow a Phe-restricted diet 
with protein replacement as prescribed, the rest are 
partially compliant or not at all [31]. Furthermore, 
dining out can pose several difficulties, with the 
primary obstacle being the restricted availability of 
low-protein options [32]. A drug that has the potential 
to improve the long-term outcome and quality of life 
for patients is pegvaliase. It is an injectable enzyme 
substitution treatment that degrades phenylalanine. 
Pegvaliase reduces Phe levels more effectively than 
standard therapy and allows for greater intact protein 
intake [29]. However, this treatment requires daily 
injections and carries the risk of immune-mediated 
hypersensitivity reactions. Genetic therapies are a 
promising area of research for directly restoring PAH 
activity in the liver [33, 34]. Clinical trials are currently 
underway [33].

INCREASED AWARENESS IN PREGNANCY
It is important for women with phenylketonuria to 
maintain metabolic control during pregnancy. If phenyl-
alanine levels are high, it can result in maternal phenyl-
ketonuria (MPKU) syndrome in the fetus, which is one 
of the most severe teratogenic pregnancy syndromes 
[4, 35]. Untreated pregnant women with classical PKU 
have a 75-90% chance of their offspring developing 
intellectual disability and microcephaly [4, 36]. Addi-
tionally, there is an increased risk of retarded intrauter-
ine growth, congenital heart disease and dysmorphic 
facial features [35, 37]. Spontaneous miscarriage and 
early neonatal mortality may also occur [35]. However, 
controlling the mother’s blood phenylalanine levels 
during pregnancy can prevent MPKU syndrome [36]. 
It is crucial to monitor phenylalanine levels in the first 
trimester [37]. The most significant factors for pregnant 

women to achieve and maintain good metabolic con-
trol are the support of loved ones and personalized care 
from specialist metabolic centres [38].

PROGNOSIS IMPROVEMENT AND ONGOING 
CHALLENGES
The prognosis for individuals with phenylketonuria has 
improved significantly thanks to newborn screening 
and a low-phenylalanine diet [39]. Those who received 
treatment at a young age are now in their fifth and 
sixth decades of life and are expected to have a lifes-
pan similar to that of the general population [39, 40]. 
However, individuals with this condition remain at a 
heightened risk of developing various health issues, 
including obesity, hypertension, and osteoporosis [41]. 
A common comorbidity, particularly in women, is obe-
sity [42]. This condition leads to changes in body com-
position, including a significant increase in fat content 
and a decrease in muscle mass, protein, and mineral 
ingredients [43]. As a result, there may be an increased 
risk of developing metabolic disorders, such as insulin 
resistance and dyslipidaemia, which can elevate the 
likelihood of cardiovascular events [40]. Additionally, 
individuals with phenylketonuria may have a higher risk 
of osteoporosis due to low bone mineral density (BMD) 
[22, 41]. Patients who are diagnosed with PKU at an early 
age and promptly initiated on appropriate treatment 
are less prone to developing comorbidities [41].

CONCLUSIONS
The review emphasizes the significance of inherited 
metabolic disorders, using phenylketonuria as an 
example, as an important public health concern. Neo-
natal screening is a crucial aspect of healthcare, with a 
positive impact on the quality of life and prognosis of 
patients. Therefore, it is valuable to increase awareness 
about neonatal screening among parents, so that they 
can make an informed decision regarding participation. 
A failure to engage may result in the disease going un-
detected, which could lead to irreversible neurological 
complications.
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INTRODUCTION
Dentophobia is a significant issue affecting a large popu-
lation of adults. This severe anxiety can lead to avoidance 
of dental care, resulting in potentially more complex and 
urgent dental conditions in the future such as periodon-
titis, which leads to tooth loss and general deterioration 
of oral health. Without proper management, odontopho-
bia can prevent patients from seeking necessary dental 
treatments, which is detrimental not only to oral health 
but also general well-being [1].

The management of fear of dentists is crucial for the 
comfort and mental health of patients and the effec-
tiveness of dental treatment. Adequate management 
strategies can significantly enhance patients’ coopera-
tion, reduce the stress associated with dental visits, and 
improve overall treatment outcomes [2, 3]. 

Dental anxiety can stem from various sources, both 
personal experiences and external influences. A trau-
matic dental encounter in the past can leave a lasting 
imprint, causing individuals to dread future visits. Feel-
ings of vulnerability and loss of control while confined 

to the dental chair can also contribute to this anxiety. 
Furthermore, a sense of shame or embarrassment about 
one’s teeth or oral health can exacerbate the discomfort 
associated with dental visits. In some cases, a lack of 
trust or confidence in the dentist’s competence or bed-
side manner can fuel apprehension [4]. Dentophobia 
is among the most prevalent phobias globally, despite 
increased awareness and efforts to enhance the dentist 
- patient relationship [5].

AIM
The aim of this review is to provide information about 
less common non-pharmacological strategies for 
managing odontophobia in adult patients, discuss 
their effectiveness and encourage implementation of 
these methods into clinical practice to improve patient 
experiences and treatment outcomes. The review also 
highlights the need for further research to validate 
and optimize these strategies for use in routine clinical 
dental settings.

Novel non-pharmacological strategies for managing 
dentophobia in adult patients – literature review

Artur Los, Jakub Fiegler-Rudol, Monika Tysiąc-Miśta, Marta Tanasiewicz
DEPARTMENT OF CONSERVATIVE DENTISTRY AND ENDODONTICS, MEDICAL UNIVERSITY OF SILESIA, KATOWICE, POLAND

ABSTRACT
Dentophobia concerns a substantial portion of the adult population, often leading to avoidance of dental care and subsequent deterioration in oral health. This 
comprehensive review explores the multifaceted nature of odontophobia and examines various non-pharmacological strategies aimed at its management in 
adult patients. Factors contributing to dentophobia, including past traumatic experiences, feelings of vulnerability, and mistrust in dental professionals, are 
discussed, highlighting the complex interplay of psychological, physiological, and environmental influences. Novel approaches such as Virtual Reality Exposure 
Therapy offer promising avenues for systematically desensitising patients to their fears and enhancing treatment acceptance. Aromatherapy utilising essential 
oils like chamomile, orange, and lavender, as well as dog-assisted therapy, have shown potential in creating calming environments and reducing patient anxiety 
during dental procedures. Muscle relaxation therapy, biofeedback techniques, and process simulations provide additional tools for addressing the physiological 
and cognitive aspects of odontophobia. Cognitive-behavioural therapy interventions, including brief sessions focused on cognitive restructuring and exposure 
therapy, demonstrate efficacy in reducing fear of dentists and improving treatment outcomes. By incorporating these diverse non-pharmacological strategies 
into dental practice, clinicians can enhance patient experiences, increase treatment acceptance and adherence, and ultimately improve oral health outcomes. 
While these interventions show promising results, further research is needed to refine their implementation, optimize their effectiveness, and ensure accessi-
bility to patients with dentophobia. By addressing the multifaceted nature of dental anxiety and adopting a patient-centred approach, clinicians can provide 
holistic care, fostering better oral health and overall well-being in their patients.

	 KEY WORDS: stress, dentistry, dentophobia
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MATERIALS AND METHODS
The preparation of this review article involved a struc-
tured search of the PubMed and Scopus databases to 
identify relevant studies on non-pharmacological inter-
ventions for managing odontophobia in adult patients. 
Keywords used in the search included “odontophobia,” 
“dental anxiety,” “Virtual Reality Exposure Therapy,” “aro-
matherapy,” “muscle relaxation therapy,” “biofeedback,” 
“process simulations,” and “Cognitive Behavioral Thera-
py.” The search was restricted to peer-reviewed articles 
published in English. Studies were selected based on 
their relevance to adult patients, the robustness of their 
methodology, and the use of non-pharmacological 
interventions. Data were extracted regarding interven-
tion type, study design, sample size, duration, outcome 
measures, and main findings. 

REVIEW AND DISCUSSION

VIRTUAL REALITY EXPOSURE THERAPY 
(VRET) 
VRET is a novel cognitive-behavioural approach that 
uses computer-generated virtual environments to 
treat specific anxieties through systematic and gradual 
desensitization until fear extinction occurs. It is consid-
ered an in vitro form of exposure therapy, where the 
patient can confront their fears in a controlled setting, 
reducing anticipatory anxiety and increasing treatment 
acceptance and completion rates [6, 7]. VRET is equally 
or slightly more effective than real-life exposure therapy 
for anxiety treatment. Studies like those by Guijar et al. 
(2018) have demonstrated that VRET can significantly 
reduce dentophobia and behavioural avoidance, with 
patients in the VRET group more likely to schedule fol-
low-up appointments and no longer meet the criteria 
for dental anxiety after treatment [6,8]. 

Yamashita et al. evaluated the effect of Virtual Reality 
(VR) in alleviating anxiety during impacted mandibular 
third molar extractions under local anaesthesia. They 
found that anxiety decreased among patients who 
used VR, while it increased in those who did not apply 
it. Objective measures like heart rate variability and 
subjective questionnaires confirmed these findings. No-
tably, 92% of participants reported decreased anxiety, 
100% wanted to use VR in future surgical treatments, 
and 96% desired it for future dental treatments [9, 10].

AROMATHERAPY
Chamomile oil is known for its aromatherapeutic prop-
erties, which can help patients maintain a calm mental 
state. A randomised controlled trial assessed the effect 

of chamomile oil on dentophobia  in patients under-
going extractions. The oil was administered through 
inhalation using a diffuser. The results concluded that 
chamomile oil significantly decreased odontophobia 
levels, showcasing its effectiveness in creating a calm-
ing environment for patients [11]. Orange oil possesses 
sedative and anxiolytic properties, which are attributed 
to its ability to permeate through mucosal membranes 
and stimulate the central nervous system after crossing 
the blood-brain barrier. A study investigating the effect of 
ambient orange fragrance on patient anxiety during the 
surgical removal of impacted third molars found that the 
intervention group exhibited significantly lower mean 
blood pressure, pulse rate, and respiratory rate during the 
surgical procedure. This indicates that orange fragrance 
effectively reduces anxiety during dental procedures [12].

Lavender oil is one of the most preferred essential 
oils for aromatherapy due to its sedative properties. 
Linalool, a key component in lavender oil, acts on gam-
ma-aminobutyric acid (GABA-A) receptors, causing an 
inhibitory effect on the limbic system and autonomic 
transmission. This results in a decrease in blood pressure 
and anxiety levels. Studies have shown that lavender oil 
inhalation can produce effects like lorazepam, making 
it a safer and more accessible option for reducing den-
tal anxiety. Lavender oil has also been shown to have 
antidepressant, sedative, calmative, antibacterial, and 
antifungal properties, further supporting its use as an 
anxiolytic agent [13].

DOG-ASSISTED THERAPY CONCEPT AND 
POTENTIAL BENEFITS 
Dog-assisted therapy involves the use of trained thera-
py dogs to provide comfort, reduce stress, and improve 
overall emotional well-being in therapeutic settings. 
This form of therapy leverages the innate bond between 
humans and animals, particularly dogs, to promote 
psychological and physiological healing. The presence 
of a therapy dog can help reduce blood pressure, heart 
rate, and anxiety while increasing feelings of comfort 
and safety. It is particularly beneficial in medical envi-
ronments, where patients may feel anxious or uneasy 
about the procedures they are undergoing [14].

A pilot study conducted by Cruz-Fierro et al. evaluated 
the effectiveness of dog-assisted therapy in managing 
dentophobia. The findings from this study indicated 
that the presence of a therapy dog during dental ses-
sions significantly improved the patients’ emotional 
state. The study observed a notable decrease in blood 
pressure and neurohormone levels among patients 
interacting with the therapy dog, suggesting a physi-
ological response to the calming presence of the dog. 
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Patients reported a reduction in discomfort and an over-
all improved experience during their dental visits [15]. 
This improvement in patient experience is crucial as it 
can lead to better compliance with dental treatments 
and less avoidance of future dental care. The therapy 
provided by the dog’s presence helped significantly 
reducing the anxiety levels of the patients, making them 
more relaxed during the dental procedures. 

The pilot study on dog-assisted therapy for dental 
anxiety demonstrated promising results, indicating that 
this therapy could be a valuable addition to traditional 
methods for managing dental anxiety. However, the 
study also noted the need for further research to fully 
establish the effectiveness and implement this therapy 
widely in dental practices [16].

MUSCLE RELAXATION THERAPY
Muscle relaxation therapy (MRT) is based on the prin-
ciple that anxiety and stress lead to increased muscle 
tension. By consciously relaxing the muscles, the body’s 
physiological response to stress and anxiety can be 
reduced. MRT help suppress the response of the sym-
pathetic nervous system, which is activated during 
stressful situations like dental procedures. By inducing 
a relaxed state, muscle relaxation therapy lowers heart 
rate, respiratory rate, and blood pressure, which are 
elevated during anxiety. This therapy helps regulate 
both the peripheral and central nervous systems, re-
ducing the overall stress response and promoting a 
calmer state. MRT has been shown to decrease levels of 
cortisol in the body. The most common form of muscle 
relaxation therapy used for dental anxiety is progressive 
muscle relaxation therapy (PMRT) [17, 18].

In PMRT, patients are guided to systematically tense 
and then relax different muscle groups throughout the 
body, helping them differentiate between tension and 
relaxation states. A  study by Park et al. investigated the 
effectiveness of PMRT in alleviating dental anxiety. The 
study found that PMRT over four sessions effectively 
alleviated anxiety for at least three months following 
the intervention [17]. The intervention significantly re-
duced depressive symptoms, blood pressure, pulse rate, 
and salivary cortisol levels in participants. The study 
concluded that PMRT might be beneficial in reducing 
dentophobia. By lowering physiological parameters 
like heart rate, respiratory rate, and blood pressure, 
and regulating the nervous system, PMRT helps reduce 
stress, anxiety, and depression, thereby alleviating den-
tal anxiety. Overall, the evidence presented in the study 
suggests that PMRT is an effective non-pharmacological 
intervention for managing odontophobia. It can help 
patients achieve a relaxed state, improve their ability to 

cope with the stress of dental procedures, and poten-
tially enhance their overall experience and compliance 
with dental treatment [17, 19].

BIOFEEDBACK: CONCEPT AND POTENTIAL 
BENEFITS 
Biofeedback is a technique that involves measuring and 
providing real-time feedback on an individual’s phys-
iological processes, such as heart rate, breathing rate, 
muscle tension, and skin temperature. The primary goal 
of biofeedback is to help individuals gain awareness and 
control over these physiological functions, which are 
often dysregulated during states of anxiety or stress. By 
providing visual or auditory feedback on physiological 
parameters like heart rate or breathing rate, patients 
become more aware of their body’s stress response 
during dental procedures. With the help of biofeedback, 
patients can learn techniques to consciously regulate 
their physiological processes, such as slowing down 
their breathing or relaxing their muscles, which can 
counteract the anxiety response [20, 21]. 

Biofeedback empowers patients by giving them a 
sense of control over their body’s reactions, which can 
be particularly helpful in situations where they feel a 
lack of control, such as during dental procedures. By 
promoting relaxation and self-regulation, biofeedback 
can effectively reduce anxiety, stress, and negative 
emotions associated with dental visits. A pilot study 
conducted by Morarend et al. investigated the use of 
a novel biofeedback device to reduce preoperative 
general anxiety levels in a dental setting. The results 
demonstrated the effectiveness of the biofeedback 
device in reducing dental anxiety and negative feelings 
associated with dental injections [22]. 

The biofeedback device allowed both the patient 
and the dentist to monitor the patient’s physiological 
information, such as respiratory rate, which is often dys-
regulated during anxiety attacks. By providing real-time 
feedback, the device assisted patients in practising con-
trol and self-regulating their monitored physiological 
processes, thereby helping them down-regulate the 
sympathetic nervous system response associated with 
anxiety. Biofeedback offers a non-invasive and empower-
ing approach to managing odontophobia by increasing 
awareness, promoting self-regulation, and reducing the 
physiological manifestations of anxiety [23].

CONCEPT OF PROCESS SIMULATIONS AND 
THEIR MECHANISMS
Process simulations (PSs) involve mentally simulating or 
imagining the process of undergoing a particular task 
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or procedure. In the context of dentophobia, PSs allow 
patients to mentally rehearse and familiarize them-
selves with the steps involved in a dental procedure 
before experiencing it. 

By mentally simulating the process, patients can 
prepare themselves cognitively for what to expect 
during the actual procedure. This familiarity can help 
reduce anticipatory anxiety and fear of the unknown. 
PSs give patients a sense of control over the situation, 
as they can mentally rehearse and plan their responses 
and coping strategies. This perceived control can help 
mitigate feelings of helplessness and anxiety. Repeated 
mental simulations can lead to a gradual desensitization 
to the anxiety-provoking stimuli associated with the 
dental procedure, reducing the overall fear response. 
PSs can help patients identify and challenge irrational 
thoughts or beliefs related to dental procedures, al-
lowing for cognitive restructuring and a more realistic 
perspective [24].

A study by Armitage and Reidy investigated the ef-
fectiveness of PSs in reducing anxiety before and after 
consultations. The key findings were that process sim-
ulations significantly reduced state anxiety (situational 
anxiety) before and after consultations. The results were 
consistent with previous research, demonstrating that 
PSs are clinically and statistically effective in reducing 
state anxiety [25]. The anxiety-reducing effects of pro-
cess simulations had a prolonged effect, lasting even 
after the consultation. The study suggests that PSs can 
be effective in reducing anxiety in field settings, where 
there is an imminent threat of physical discomfort, 
such as dental procedures. Further research is needed 
to refine the technique of PSs and identify other active 
components that contribute to its effectiveness as an 
intervention for reducing anxiety [26].

COGNITIVE-BEHAVIORAL THERAPY
Cognitive-behavioral therapy (CBT) is a psychotherapeu-
tic approach that focuses on modifying dysfunctional 
thoughts, beliefs, and behaviours that contribute to 
anxiety and other psychological distress. In the context 
of dentophobia, CBT aims to address the irrational 
thoughts, beliefs, and maladaptive behaviours that ex-
acerbate fear and avoidance of dental procedures [1, 27]. 

The key principles of CBT for odontophobia include 
Identifying and challenging irrational or distorted 
thoughts and beliefs related to dental procedures, such 
as catastrophizing or overestimating the likelihood of 
negative outcomes. Gradually exposing the patient 
to anxiety-provoking dental stimuli in a controlled 
and safe environment, leading to desensitization and 
reduced fear response [27].

Teaching patients relaxation strategies, such as deep 
breathing exercises or progressive muscle relaxation, 
to manage physiological symptoms of anxiety during 
dental procedures. Developing coping strategies and 
problem-solving skills to better manage anxiety-pro-
voking situations and increase a sense of control. 
Providing information about the nature of anxiety, its 
symptoms, and the rationale behind CBT techniques 
to promote understanding and engagement in the 
treatment process. The study highlights the potential 
effectiveness of brief CBT interventions, involving one 
to three sessions, in reducing dental anxiety. 

Spindler et al.: investigated the effect of a brief den-
tal fear intervention based on cognitive-behavioral 
principles specifically designed for dental practice. The 
findings showed that the immediate treatment group 
experienced a significant reduction in dental anxiety 
compared to the waiting list condition. After both 
groups completed the intervention, the reduction in 
anxiety were comparable and maintained at the two-
year follow-up [28]. Previous studies suggest that brief 
interventions involving one to three sessions might 
effectively reduce odontophobia, even in the long term. 
Brief CBT interventions might be equal or superior to 
other forms of intervention, and their benefits persist 
over time. Brief cognitive-behavioural interventions 
performed by practising dentists might be sufficient 
for a significant proportion of patients with dental 
anxiety. However, it also acknowledges that the number 
of sessions in each study varies, and further research 
is needed to optimize the implementation of these 
interventions in dental settings [29, 30].

CONCLUSIONS
Dentophobia among adults can lead to avoidance of 
dental care, increased risk of periodontal diseases, tooth 
loss and general deterioration of oral health. Effective 
management of dental anxiety is crucial for patient 
comfort and treatment effectiveness. Various factors 
contribute to odontophobia, including past traumatic 
experiences and feelings of vulnerability. Non-phar-
macological strategies such as VRET, aromatherapy, 
dog-assisted therapy, MRT, biofeedback, PSs, and CBT 
have shown promise in managing dental anxiety. VRET 
has been effective in reducing dental anxiety, while 
aromatherapy with oils like chamomile, orange, and lav-
ender has demonstrated calming effects. Dog-assisted 
therapy has been shown to improve patient experience 
and reduce anxiety during dental visits. MRT, particu-
larly PMRT, has been effective in suppressing the sym-
pathetic nervous system response and reducing stress. 
Biofeedback helps patients gain awareness and control 
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tegrating these non-pharmacological strategies into 
dental practice can improve patient experiences and 
treatment outcomes, though further research is needed 
for optimization and widespread implementation.

over physiological functions, while PSs allow patients to 
mentally prepare for dental procedures. CBT, especially 
in brief interventions, addresses dysfunctional thoughts 
and behaviours contributing to anxiety. Overall, in-
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INTRODUCTION
Orbital fractures occur through various mechanisms 
and account for 10-25% of facial fractures [1]. They 
most commonly result from traffic accidents and as-
saults [2]. The fracture patterns are stereotypical with 
predictable short, medium, and long-term symptoms 
such as edema, infraorbital paraesthesia, blurred vi-
sion, subconjunctival hemorrhage, diplopia, orbital 
dystopia, and enophthalmos [3, 4]. All of these can be 
minimized by rapid diagnosis and anatomical repair. 
An early aggressive surgical approach within 14 days 
is recommended and is more effective than second-
ary reconstructive procedures [5]. The development 
of materials science and surgical techniques has led 
to innovations such as prefabricated titanium mesh, 
computer-aided design implants, 3D printing, and 
surgical navigation [6, 7]. The origins of reconstructive 
orbital surgery date back to the late 19th century when 
reconstructions were performed using steel wires and 
antral bone grafts [8]. Since the 1950s, alloplastic mate-
rials and bone substitutes have been used [9]. Despite 
the advances in reconstructive techniques, the goal of 
treatment has remained the same: to restore the bony 
walls of the orbit, as well as function and aesthetics. 
Currently used materials include autogenous materials 

that are biocompatible, reliable, and cheap but offer 
limited shaping ability and are associated with donor 
site morbidity [4]. Allogenic materials are osteoconduc-
tive but carry the risk of severe disease transmission 
[10]. Alloplastic materials allow for the most precise 
implant design but always carry the risk associated with 
a permanent foreign body [11]. The disadvantage of 
resorbable alloplastic materials is that once resorption 
occurs, the orbital tissues, deprived of support, may 
tend to collapse [12].

AIM
This article details a case study of successful reconstruc-
tive orbital surgery in a patient following a traumatic 
incident where a car accident caused extensive facial 
fractures.

CASE REPORT
On April 4, 2023, shortly after midnight, a patient was 
hit by a car while crossing the street. Initially trans-
ported to the Emergency Department of the Hospital 
in Dąbrowa Górnicza with head injuries, a CT scan 
revealed a right subdural and epidural hematoma 
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along with multiple facial fractures (Fig. 1). After initial 
wound management, the patient was transferred to 
Provincial Specialist Hospital No. 5 in Sosnowiec where 
a frontal-temporal-parietal craniotomy was performed 
3 hours after the accident. Mechanically ventilated and 
pharmacologically sedated, the patient was admitted 
to the Department of Anesthesiology and Intensive 
Care, where on the 12th day, empirical antibiotic ther-
apy with ceftriaxone 3x2 g was initiated. Additionally, 

edema treatment with mannitol 5x100 mg and hemo-
static therapy using tranexamic acid 3x1 g were started. 
Based on follow-up brain CT scans and neurosurgical 
recommendations, anti-edema treatment was gradually 
reduced. 10 days after the injury, the patient, in stable 
general condition, sedated, mechanically ventilated, 
and with efficient circulatory and respiratory systems, 
was transported to the Maxillofacial Surgery operating 
room for the repositioning and osteosynthesis of the 

Fig. 1. CT scan before reconstruction.

Fig. 2. 3d printed mirror image of the left orbit with shaped titanium mesh.

Fig. 3. Reconstructed orbital contour, intraoperative view. Fig. 4. CT scan after the reconstruction.
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right zygomatic-maxillary-orbital fracture. A mirror 
image of the left orbit, printed based on the CT scan, 
was prepared for the surgery. The model was used as 
a template to shape the titanium reconstruction mesh 
to restore the destroyed floor of the left orbit (Fig. 2). 
From an expanded approach in the traumatic wound, 
access to the orbital floor was gained. After releasing 
the entrapped soft tissues protruding into the maxil-
lary sinus, the orbital floor was reconstructed using a 
titanium mesh shaped on the model. Subsequently, 
the zygomatic-maxillary complex was repositioned, 
the bony contour of the orbit was restored, and the 
fragments were fixed with two titanium plates (Fig. 3). 
The patient was transferred back to the Department 
of Anesthesiology and Intensive Care, where edema 
treatment with dexamethasone 3x4 mg was admin-
istered and a follow-up examination confirmed the 
reconstruction of the original shape of the orbit (Fig. 4). 
In the 12th day, antithrombotic treatment with dalte-
parin 5000 units were initiated. On the 13th day, due 
to the appearance of fever and increased inflammatory 
parameters, targeted antibiotic therapy with meropen-
em 3x1g and vancomycin 4x500 mg was started. The 
patient was extubated and weaned off the ventilator on 
the 16th day with inflammatory parameters decreasing. 
On the 21 day after the injury, she was transferred to 
the Department of Neurosurgery. The patient was in 
simple logical contact, with no signs of enophthalmos 
or impaired eye movement.

DISCUSSION
The advancement of medicine undoubtedly aims to opti-
mize procedures to achieve the best postoperative results 
and patient satisfaction. One of the factors influencing pos-
itive outcomes in orbital reconstruction procedures, based 
on 3D printing and subsequent shaping of a titanium mesh 
on a model printed as the mirrored reflection of the healthy 

orbit, is undoubtedly the precision and individualization of 
this approach. Research by Hahn et al. has demonstrated 
the effectiveness of using “mirroring” in reconstructing 
orbital wall fractures, as there is no significant difference 
in the size of patients’ orbits. Hahn et al. proved that using 
“mirroring” in the reconstruction of orbital wall fractures is a 
precise technique because there is no significant difference 
in the size of patients’ orbits [14]. Reconstructive technol-
ogies are constantly evolving, as restoring function and 
appearance remains a paramount goal in trauma surgery. 
The most technologically advanced method of orbital 
reconstruction is patient-specific implants (PSI), designed 
individually for each patient in a computer program and 
then custom-made. A meta-analysis conducted by Sanjeev 
et al. showed that despite the tendency to favor PSI, no 
statistically significant differences were found compared to 
conventional methods in terms of postoperative outcomes 
[15].  Scientific literature focused on reconstructions of the 
maxillofacial area also agrees that the duration of surgical 
procedures is a significant factor affecting postoperative 
recovery time, and the restoration of function depends 
on the duration of the surgery. The study by Kallaverja et 
al. conducted research demonstrating greater accuracy 
and significantly shorter procedure times in orbital floor 
reconstruction using a preformed titanium mesh based 
on a stereolithographic model produced with 3D printers 
compared to intraoperatively shaped titanium mesh [13].

CONCLUSIONS
Although the patient’s neurological deficits do not allow 
for a full assessment of the restoration of all functions, 
the examination and analysis of CT documentation 
indicate that the goals of the reconstructive surgery 
were achieved. 3D print is becoming an increasingly 
cost effective and accessible method that allows for 
more precise and predictable orbital reconstruction 
procedures.
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INTRODUCTION
Coronavirus disease (COVID-19), which broke out in 
China and caused a devastating pandemic worldwide, 
is associated with a significantly increased risk of throm-
botic complications, especially pulmonary embolism 
[1]. During the COVID-19 pandemic, investigations have 
reported a high incidence of venous thromboembolic 
(VTE) events in hospitalized patients with COVID-19, 
often despite thromboprophylaxis [1-4]. 

Emerging evidence suggests that the coagulation 
function is significantly deranged during SARS-CoV-2 
(COVID-19) infection and may predispose to arterial 
and venous thrombotic complications due to excessive 
inflammation, platelet activation, endothelial dysfunc-
tion and stasis [5].

However, as many researchers point out, the risk of 
hospital-associated VTE extends from the moment of 
admission and over the first 90 days after  discharge 
from the hospital also in COVID-19 patients [6-9].

In this article, we would like to present the cases of 
3 patients with cirrhosis and variceal bleeding who 
recently underwent Covid 19 and whose postoperative 
period was complicated by thrombosis or thromboem-
bolic complications.

CASE REPORT

CASE REPORT 1
A 56-year-old women with autoimmune liver cirrhosis 
(Child-Pugh class A) and first massive bleeding from 
esophageal veins was referred by ambulance to the 
emergency department of Kyiv City Emergency Hospi-
tal. Her vital signs on admission were as follows: blood 
pressure, 80/40 mmHg; heart rate, 120 beats/min. The 
endoscopy revealed a dilated and tortuous veins in the 
low part of the esophagus with oozing blood, with “red 
sign”, evidence of acute bleeding (Fig. 1). 

It was known that three monts ago the patient was 
hospitalized with severe bilateral COVID-19 pneumonia 
and received LMWH at a therapeutic regimen. Severe 
COVID-19 disease was also identified when computed 
tomography of the chest reveals lung infiltrates >90%.

The patient’s medical history of thromboembolic 
complications has not been reported in the past, but 
for the past twelve years she has been controlled for 
diabetes mellitus on insulin therapy, overweight and 
hypertention. Laboratory tests showed decreased 
hemoglobin (57 g/L), hematocrit (27.1%); leukocyte 
(4.6 × 109/L) and platelet (78 × 109/L) counts, total 
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bilirubin (28.9 mmol/L), and alanine aminotransaminase 
(67U/L); aspartate aminotransferase (39U/L), urea 
11,6 mmol/L; creatinine (0.7 mkmol/L); glucose 
(9,1mkmol/L); sodium (144 mmol/L); potassium (4.8 
mmol/L); total protein (62 g/L); serum albumin (29 
g/L). Blood coagulation tests showed: increased 
prothrombin time (24.0 seconds); activated partial 
thromboplastin time (30 sec); International Normalized 
Ratio (1.4). Serological markers for previous or current 
hepatitis B and C infection were negative. There was no 
previous history of alcohol abuse. 

The patient was admitted to intensive care unit for 
preoperative preparation. The active bleeding was 
stopped by endoscopic ligation and administration of 
hemostatic agents. After stabilization of hemodynamic 
parameters, surgical intervention was performed, 
which consisted of devascularization of the upper 
part of the stomach, distal part of esophagus, followed 
by transection with a circular stapler. During the 

operation, the patient was transfused four units of 
packed erythrocytes and fresh-frozen-plasma. The 
patient was discharged on the tenth postoperative day 
in satisfactory condition. The next day after discharge, 
her condition suddenly deteriorated. The patient had 
difficulty breathing, chest pain, and an ambulance was 
immediately called. A contrast-enhanced computed 
tomography (CT) scan performed in the hospital 
confirmed the suspicion and revealed a massive 
pulmonary embolism (Fig. 2).

In the intensive care unit, the patient received 
cardiopulmonary support, anticoagulant therapy and 
unsuccessful thrombolysis, and unfortunately, the 
patient died. 

Despite the patient’s hypersplenism and the absence 
of hypercoagulability according to coagulation tests, we 
did not expect such a complication, which nevertheless 
led to a shift in the balance of our patient’s haemostasis 
towards hypercoagulation and led to death.

Fig. 1. Endoscopic examination of the upper 
gastrointestinal tract of a 56-year-old woman 
showed dilated and tortuous varices of the 
esophagus with red marks and blood leakage.

Fig. 2. A 56-year-old woman with autoimmune 
cirrhosis of the liver shows a massive pulmonary 
embolism on a contrast-enhanced computed 
tomography scan. The thrombus, which almost 
completely closes the pulmonary artery, is 
indicated by an arrow.
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CASE REPORT 2
A 40-year-old female patient with liver cirrhosis (Child-
Pugh class B) was admitted to the emergency depart-
ment with severe gastrointestinal bleeding, manifested 
by vomiting blood, loss of consciousness and melena. 
This was the fifth esophageal variceal bleeding in the 
past two years. Serological markers for previous or 
current hepatitis B and C infection were negative. There 
was no previous history of alcohol abuse also.

Fore  months ago, the patient was treated for 3 weeks 
for severe bilateral COVID-19-associated pneumonia. 
Severe disease is also identified when computed 
tomography of the chest reveals lung infiltrates >45%. 
She did not receive anticoagulant therapy due to the 
high risk of rebleeding from esophageal varices.

Endoscopic evaluation with esophagogastroduodenoscopy 
revealed massively bleeding, grade III, lower esophageal 
varices. The active source of bleeding was stoped by 
the introduction of a Sengstaken-Blakemore tube and 
hemostatic therapy. 

Physical examination revealed blood pressure 90/40 
mmHg; pulse rate, 122 beats/min; pallor; melena. The 
liver function parameters were appropriate to patient 
with cirrosis and blood examination showed severe 
anemia. Hepatic enchephalopaty corresponded to 
grade I.

Laboratory tests showed decreased hemoglobin 
(60 g/L), hematocrit (25.1%), leukocyte (15.6 × 109/L) and 
platelet (51 × 109/L) counts, alanine aminotransaminase 
(77 U/L); aspartate aminotransferase (69U/L), urea 
(4,3 mmol/L), creatinine (77 mkmol/L), glucose (6,9 
mkmol/L), sodium (141 mmol/L), potassium (4.3 
mmol/L), total protein (59 g/L), serum albumin (29 g/L), 
total bilirubin (68.9 mmol/L). Blood coagulation tests 
showed: increased prothrombin time (25.0 seconds), 
activated partial thromboplastin time (50 sec), 
International Normalized Ratio (1.56). Serological 
markers for previous or current hepatitis B and C 
infection were negative. After stabilization of vital signs, 
an operation was performed aimed at porto-azigal 
separation,   which consisted in devascularization of 
the proximal part of stomach, distal part of esophagus, 
followed by transection of the esophagus with a 
circular stapler. During the operation, the patient was 
transfused several units of fresh-frozen-plasma.

The patient suddenly developed serious respiratory 
failure developed on the 7th day after operation, which 
manifested as a feeling of lack of air, shortness of breath 
and coughing. Patient was started on oxygen therapy, 
continued with antibiotic, intravenous hydration, 
anticoagulant therapy (Heparin), and supportive care. 
Despite the therapy, the clinical and laboratory picture 
deteriorated rapidly. Due to progressive respiratory 

failure and critical drop in oxygen saturation, the 
patient was intubated and mechanical ventilation was 
initiated. The patient died the next day with progressive 
multiorgan failure. An autopsy showed the presence 
of thrombotic mass in the branches of the pulmonary 
arteries with pulmonary infarctions associated with 
bilateral pneumonia and pleural effusion.

This case also demonstrates the need for further 
research and rethinking of the mechanisms of blood 
coagulation system imbalance in the post-COVID 
period, despite the presence of hypersplenism and 
the absence of obvious signs of hypercoagulation 
according to the patient’s coagulogram and, probably, 
the need for thromboprophylaxis in the postoperative 
period.

CASE REPORT 3
A 72-year-old woman with a history of liver cirrhosis 
(Child-Pugh class В) presented to the emergency 
room with the first episode of massive bleeding from 
esophageal veins.  Four weeks prior to admission 
she was treated with bilateral COVID associated 
pneumonia with lung damage exceeding 50% and   
was receiving anticoagulant therapy. The active 
bleeding was stopped by endoscopic ligation (Fig. 3) 
of varicose veins and hemostatic therapy, after which 
a porto-azigal disconnection operation was performed 
with devascularization of the proximal stomach and 
distal esophagus with reduction of splenic perfusion 
by ligation of the a.lienalis in the proximal part. On 
the eleven postoperative day she was discharged in 
satisfactory condition. Three weeks after discharge, 
the patient suddenly developed nausea, vomiting, 
distention and diffuse abdominal pain that had started 
without a clear trigger. The vital parameters at entry 
were as follows: temperature 38.5 ° C, blood pressure 
110/60 mm HG, heart rate 89 beats per minute and 
oxygen saturation of 98% on room air. Blood analysis 
showed: hemoglobin (88  g/L), Hct (24.9%), leukocyte 
(34.6 × 109/L, 83.5% neutrophils) and platelet (95 × 109/L), 
total bilirubin (18.9 mmol/L), ALT (8I U/L), AST (9 IU/L), 
total protein ( 68 g/L), serum albumin (32.8 g/L), urea 
(9,9 mmol/L), creatinine (119 mkmol/L), glucose 
(6.0 mmol/L), sodium (141 mmol/L), potassium (4.6 
mmol/L). Blood coagulation tests showed: increased 
prothrombin time (35 sec), PTI 45%, activated partial 
thromboplastin time (31 sec). 

Physical examination revealed diffuse abdominal pain, 
which worsened with deep palpation, and peritoneal 
symptom appeared. Ultrasonographic examination 
revealed thrombosis of the portal vein with spread to 
the branches and signs of intestinal obstruction ( Fig. 4., 
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Fig. 3. Active bleeding was stopped by endo-
scopic ligation.

Fig. 4. Ultrasound Doppler examination of a 
72-year-old woman with toxic cirrhosis reveals 
a thrombus in the portal vein that completely 
blocks the lumen of the vessel. 

Fig. 5. Ultrasound examination of a 72-year-
old woman with toxic cirrhosis reveals a 
thrombus in the portal vein, which spreads to 
the branches (splenic and superior mesenteric 
veins), which caused mesenteric thrombosis 
and intestinal necrosis.
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has now been well established that this complication is 
unrelated to a defective hemostatic system [13]. Routine 
tests of hemostasis such as the prothrombin time (PT), 
activated partial thromboplastin time (APTT), and 
platelet count are frequently abnormal in these patients 
and these test results all indicate a hypocoagulable 
status [11]. However, standard coagulation tests do not 
fully reflect hemostatic disorders and do not accurately 
predict the risk of bleeding or thrombosis. 

For a long time, thrombotic complications were 
traditionally considered rare events in patients with 
cirrhosis, but our observations have shown that 
thrombotic complications can paradoxically occur in 
the posthemorrhagic/postoperative period, especially 
in patients after covid pneumonia. Therefore, it is likely 
difficult to predict using laboratory tests or clinical 
scores which patient is more likely to tip towards a 
bleeding and which one is more likely to develop 
thrombosis. The clinical reality is that patients may 
present with bleeding and thrombosis simultaneously, 
and obviously management of such patients is a 
particularly difficult clinical challenge.

CONCLUSIONS
Rebalanced hemostasis in patients with liver disease 
is unreliable and may shift toward hemorrhage or 
thrombosis, depending on coexisting circumstantial 
risk factors.

Patients with liver cirrhosis and variceal bleeding 
with previous COVID-19 infection require special 
attention to prevent thromboembolic complications. 
However, in this category of patients, the use of anti-
coagulants requires caution and should be selected 
individually, taking into account the risks of thrombo-
sis and rebleeding. 

Fig. 5.). The next step was laparoscopic revision, which 
revealed a necrotized ileal loop located 50 cm proximal 
to the ileocecal valve. An intestinal resection with 
entero-enteral anastomosis was performed. Recurrent 
retrombosis on the 9th day of the postoperative period 
and progression of liver failure led to the patient’s death.

When analysing the three deaths in patients with 
cirrhosis, we noted that thrombotic complications oc-
curred in all of these patients who had a recent history 
of severe covid pneumonia, despite the fact that 2 of 
these patients were receiving adequate anticoagulant 
therapy, which requires further investigation and spe-
cial attention in patients with covid history.

The liver plays a central role in the regulation of 
homeostasis. By producing the majority of plasma 
proteins involved in hemostasis including pro– and 
anticoagulant factors, pro– and antifibrinolytic factors, 
and thrombopoietin [11].  It follows that liver diseases 
are commonly responsible for hemostasis abnormalities 
including decreased production of clotting factors, 
thrombocytopenia, platelet dysfunction, and increased 
circulating fibrinolytic activity. Such alterations in the 
hemostatic system were historically interpreted as 
indicators of bleeding risk in liver disease and patients 
were considered to be anticoagulated. 

There are many lines of evidence which contradict 
this point of view. Not only are procoagulant pathways 
reduced in liver disease but also anticoagulant and 
fibrinolytic mechanisms are impaired. Moreover, low 
platelet count can be counterbalanced by increased 
platelet activity. Several clinical studies on the risk of 
bleeding and thrombosis suggest that liver disease is 
not simply a bleeding disorder, but also confirms that the 
hemostatic system in liver disease is rebalanced [11,14]. 

Bleeding from esophageal varices is a common 
complication in patients with liver cirrhosis. However, it 
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INTRODUCTION
Brugada phenocopy (BrP) occurs in various clinical 
conditions and manifests as a Brugada-like ECG pattern 
with coved (type 1) or saddle-back (type 2) ST-segment 
elevation in the right precordial leads [1,2]. Unlike Bruga-
da syndrome (BrS), which is an inherited channelopathy, 
BrP is not associated with an increased risk of malignant 
arrhythmia [3,4]. Expert cardiologists suggest that BrP 
and BrS ECG patterns are visually identical and indistin-
guishable [5]. BrP has been reported in severe metabolic 
disturbances (significant hyponatremia, hypokalemia or 
hyperkalemia), mechanical heart compression, coronary 
artery disease, pulmonary embolism, and myocarditis/
pericarditis [6,7]. Typically, Brugada-like ECG pattern has 
transient character, but when caused by mechanical 
heart compression (due to right ventricular outflow 
tract-RVOT tumor or pectus excavatum), usually persists 
until the target treatment is applied [7,8]. 

Differential diagnosis between BrS and BrP includes 
evaluation of the above-mentioned clinical conditions, 
history of life-threatening arrhythmias, provocative 
pharmacological tests with sodium channel blockers 

and genetic assessment [6]. However, serious health 
condition, advanced age, coexistence of multiple 
disorders and lack of arrhythmia symptoms as well as 
negative family history suggestive of BrS may indicate 
the omission of such algorithm [9]. 

AIM
The purpose of this paper is to show that Brugada pheno-
copy may have a complex mechanism related to under-
lying coexisting conditions whose expression would not 
be sufficient independently to provoke Brugada-like ECG.

CASE REPORT
A 69-year-old female was admitted due to a skin and sub-
cutaneous tissue infection of the left shank, coexistent 
urinary tract infection (with high inflammatory markers 
levels, but without a fever), and transient renal function 
deterioration (creatinine concentration 216 µmol/l; 
normal up to 106 µmol/l) with moderate hyponatremia 
(sodium concentration 127 mmol/l; normal 135-145 
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ABSTRACT
Brugada phenocopy (BrP) occurs in various clinical conditions and manifests as a Brugada-like ECG pattern with coved (type 1) or saddle-back (type 2) 
ST-segment elevation in the right precordial leads. Unlike Brugada syndrome (BrS), which is an inherited channelopathy, BrP is not associated with an 
increased risk of malignant arrhythmia. BrP has been reported in severe metabolic disturbances (significant hyponatremia, hypokalemia or hyperkalemia), 
mechanical heart compression, coronary artery disease, pulmonary embolism and myocarditis/pericarditis.
The authors described a case of a 69-year-old female whose Brugada-like ECG was atypically associated with only moderate hyponatremia (127 mmol/l). She 
was admitted due to a skin and subcutaneous tissue infection of the left shank and coexistent urinary tract infection (without a fever). She had the history of 
advanced melanoma with multiple liver metastases. Her cardiac history was negative, especially the patient has never suffered from ventricular arrhythmias. 
ECG on admission showed saddle-back ST-segment elevation in the right precordial leads; however, the patient did not report any chest pain. Troponin I level 
and left ventricular function in echocardiography were normal while regional longitudinal strain in RV apex was decreased and showed post-systolic shorten-
ing. The substernal view revealed compression of the right ventricle (RV) by liver metastatic tumor. ECG changes disappeared quickly during natrium chloride 
supplementation and did not recur during hospitalization. This case illustrates that even moderate hyponatremia may be a reversible cause of BrP when other 
predisposing conditions (e.g. heart compression by tumor) coexist.
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mmol/l). Potassium and phosphates were within the 
normal range. Patient’s clinical status was determined 
by multi-morbidity, including advanced melanoma with 
multiple liver metastases and ovarian cancer. She was 
disqualified from chemotherapy. Her cardiac history 
was negative, especially she has never suffered from 
ventricular arrhythmias. Also, family history of cardiac ar-
rhythmias, including sudden cardiac death, was negative. 

ECG on admission showed saddle-back ST-segment 
elevation in the right precordial leads (fig.1A); however, 
the patient did not report any chest pain. Troponin I 
level and left ventricular function in echocardiography, 
evaluated by ejection fraction (EF) and global and 
regional longitudinal strain (GLS and RLS), were nor-
mal (fig.2A-B). Regional longitudinal strain of RV apex 
was decreased and showed post-systolic shortening, 
whereas in basal and midventricular segments RLS 
was hypernormal (fig.3). The substernal view revealed 
compression of the RV by liver metastases (fig.4), which 
was not visible in previously done abdominal computed 
tomography. ECG changes quickly disappeared during 

natrium chloride supplementation and did not recur 
during hospitalization (fig.1B-C). 24-hour ECG moni-
toring did not show any ventricular arrhythmia. After 
a few days, the patient was transferred to palliative 
care; she was discharged with normal renal function 
and normal inflammatory markers after appropriate 
treatment with antibiotics.

DISCUSSION
The main groups of BrP reported in the literature in-
clude: severe metabolic disturbances (significant hypo-
natremia, hypokalemia or hyperkalemia), mechanical 
heart compression, coronary artery disease, myocar-
ditis/pericarditis and pulmonary embolism [7-10]. It is 
unclear why some patients present with BrP and some 
do not under the same environmental conditions [6].

Generally, metabolic disturbances, especially electro-
lyte abnormalities, account for approximately half of 
BrP cases reported in the literature (a hundred and so 
patients). On the other hand, BrP is diagnosed only in a 

Fig.1. ECG: saddle-back ST-seg-
ment elevation in V1-3 on ad-
mission (A), disappearance of 
changes during sodium chloride 
supplementation (B), normal 
ST-segment in V1-3 from day 2 (C).  

A

A

B

B

C

C

Fig.2. Two-dimensional echocar-
diography in apical four-cham-
bers view: normal left ventricular 
function with ejection fraction (EF) 
65% (A) and global longitudinal 
strain (GLS) -27% (B); see high 
regional LS in apical segments (C).



Complex mechanism of brugada phenocopy: moderate hyponatremia and right ventricular compression...

1635

fraction of population presenting with such abnormal-
ities. Hyponatremia (sodium concentration of less than 
135 mmol/l) is the most common electrolyte abnormal-
ity and is defined as mild (130-134 mmol/l), moderate 
(120-129 mmol/l) or severe (<120 mmol/l) [11,12]. The 
pathophysiology of Brugada-like ECG pattern may 
be explained by reduced inward sodium current in 
the RVOT epicardium and/or conduction delay which 
produce transmural gradient. Using longitudinal strain 
evaluation in the presented case, we demonstrated 
significant differences between reduced apical and in-
creased basal RV RLS as well as strain dispersion related 
to post-systolic shortening in the RV apex.  All cases of 
BrP and hyponatremia described so far were associated 
with severe sodium concentration decrease (sodium 
values close to 100-110 mmol/l) and presented with 
type 1 Brugada ECG pattern in most patients [10,13-15] 
Interestingly, in coexistent hyperkalemia, unique ECG 
with type 1 Brugada pattern in V1 and type 2 in V2 could 
be observed [16,17]. Hyponatremia, regardless of its 
etiology, may contribute to the development of Bruga-

da-like ECG pattern; e.g. in: kidney injury [15], excessive 
fluids intake [10,13], dehydration during diuretics and 
antihypertensive drug use [14], dehydration caused by 
diarrhea and vomiting [13], syndrome of inappropriate 
antidiuretic hormone secretion (SIADH) [18], adrenal cri-
sis [19], ketoacidosis [20,21]. In the last three examples 
other than hyponatremia, metabolic/endocrine factors 
were involved in modulating ECG pattern. It should be 
remembered, that hyponatremia can reveal BrS [22]. 

A review of 11 published cases of BP caused by tu-
mor compression of the heart showed that 10 patients 
represented a type 1 Brugada ECG pattern and only 
one type 2 Brugada ECG pattern [8,23]. In all these 
patients, heart compression was associated with RVOT 
involvement, either by neoplastic (benign or malignant) 
tumor [23,24] or non-neoplastic (e.g. inflammatory or 
being hematoma) tumor [25,26] located in the anterior 
mediastinum, in the RV cavity or in the pericardium 
[8,24-26]. After appropriate treatment (surgery, radio-
therapy, chemotherapy), clinical improvement was 
accompanied by ECG normalization [23,27]. Contrary to 

Fig.3. Regional longitudinal 
strain of the RV free wall: see 
decreased strain and post sys-
tolic shortening (in strain curves 
presentation) of the apical RV 
segment as well as hypernormal 
strain of basal and midventric-
ular RV segments; RV - right 
ventricle, LS - longitudinal 
strain, PVC – pulmonary valve 
closure.

Fig.4. Right ventricle compres-
sion by liver metastatic tumor 
(Tu) - substernal echocardio-
graphic view using cardiac 
sector probe (A) and convex 
probe (B).  A B
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above cases, in the presented one, echocardiography 
revealed RV apex compression by liver metastatic tu-
mor. However, it should not be excluded that RVOT was 
infiltrated by cancer cells. The clinical course indicated 
that sole RV apex compression was not sufficient to 
generate Brugada-like ECG, whereas when only mod-
erate hyponatremia additionally occurred, typical BrP 
could be observed. 

CONCLUSIONS
This case illustrates that even moderate hyponatremia 
may be a reversible cause of BrP when other predis-
posing conditions (e.g. heart compression by tumor) 
coexist. The concomitance of underlying conditions in 
a patient with BrP should always be taken into account 
because different pathologies may have combined 
effect on ECG morphology. 
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