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Abbreviations used 
 

MGC mammary gland carcinoma 

OD oncologic disease 

BC breast cancer 

IOU intraoperative ultrasound 

NAC Nipple-Areola Complex 

MG mammary gland 

GLOBOCAN Global Cancer Observatory: Cancer today 

IARC International Agency for Research on Cancer 

WHO World Health Organization 

ORV optimal resection volume 

TRV total resection volume 

CRR calculated resection ratio 

ICD international classification of diseases 

C50.1 central portion of the mammary gland 

C50.2 upper-inner quadrant of the mammary gland 

C50.3 lower-inner quadrant of the mammary gland 

C50.4 upper-outer quadrant of the mammary gland 

C50.5 lower-outer quadrant of the mammary gland 

C50.6 axillary tail of the mammary gland 

C50.8 Overlapping lesion extending beyond one or more 

 indicated localizations of the mammary gland 

C50.9 unspecified (NOS) part of the mammary gland  

COC complex oncology center 
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I. Introduction 

Nowadays, mammary gland carcinoma (MGC) ranks first as the most com-

mon and fatal oncologic disease (OD) in female patients worldwide. 

The high incidence and great importance of this problem create the need to 

develop various methods for early diagnosis and timely treatment. 

Advancements in diagnostic imaging, the introduction of screening programs 

and initiatives related to public awareness of breast cancer (BC) have led to the 

trend of diagnosing increasingly smaller and even non-palpable tumors. The reduc-

tion of the resection distance and the wide indications for the implementation of 

organ-preserving operations impose the need for high oncological precision in the 

surgical technique in this type of tumors that are "invisible" to the human hand. 

Preservation of the physiological shape of the breast and its aesthetic appearance 

are of concern in the 21st century and depend on the planning of the surgical inter-

vention and the preservation of a greater volume of healthy glandular paren-

chyma.… 

All the aforementioned is a prerequisite for the implementation of various 

techniques for intraoperative navigation when performing this type of organ-pre-

serving operations. 

In recent years, there has been a trend towards the implementation and fo-

cusing on the benefits of intraoperative ultrasound (IOU), which is gaining popular-

ity. 

This creates a need for evaluation of the method and due to its specificity 

requires the development of a phantom comparable to the operation for simulation 

training. 

II. Aim 

 

The aim of this thesis is to present / study the application of intraoperative 

ultrasound as an approach for precise navigation in excision of non-palpable breast 

tumors and to create a realistic model for simulation training comparable to the 

intervention. 

 

III. Objectives 

1. To ascertain the epidemiological characteristics, complex assessment and anal-

ysis of the prevalence of breast cancer in Plovdiv, Pazardzhik and Smolyan regions 
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for a period of 10 years. 

2. To make a prospective, randomized, multicentre comparative analysis of two 

groups of patients, in one of which only sector resection is to be performed, and in 

the other group the excision is to be performed with the aid of intraoperative ultra-

sound. 

▪ To determine the effectiveness of the application of intraoperative ultra-

sound. 

▪ To compare the average time duration of the surgical intervention in the two 

groups of patients. 

▪ To compare the status of the resection margins between the two groups of 

patients. 

▪ To compare the closest and farthest distance from the tumor formation. 

▪ To assess and compare the need for re-operation between the two groups 

of patients. 

▪ To compare the “total resection volume” and the “calculated resection ratio” 

in the two groups of patients, thus assessing the preservation of a healthy 

glandular parenchyma. 

3. To create an original realistic model, allowing the intervention in a simulation 

environment. 

IV. Materials and methods 

4.1 Materials and study design 

4.1.1 Objective one 

For the implementation of the first objective, the data for all cancer patients 

were aggregated, and in particular - those with breast cancer from the districts - 

Plovdiv, Pazardzhik and Smolyan, which are registered as such in the Cancer Reg-

istry of the "Complex Oncology Center" Plovdiv, for the period 2010 - 2019. 

A retrospective comparative analysis of the data was performed.  

4.1.2 Objective two 

Prior to the beginning of this objective, the opinion of the Commission on 

Scientific Ethics at the Medical University of Plovdiv was received, stating the fol-

lowing:  

‚‚ The research meets the standards and criteria for science, ethics and is in line 

with the requirements of: 

- The Declaration of Helsinki on Ethics in Science; 

- The principles of good clinical practice; 

- Bulgarian laws and regulations for conducting clinical and scientific research 
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with the participation of people‘‘. 

The data of the patients operated on the occasion of non-palpable tumor 

formations (benign or malignant) from two medical institutions: Department of Sur-

gery of the "Kaspela" University General hospital and the Department of Oncologi-

cal Surgery at the Complex Oncology Center (COC) in the city of Plovdiv for the 

period 2020 ‒2021 were used. Patients from both hospitals received a summary of 

the project, and then after reading the document "Informed Consent", personally 

and voluntarily confirmed their participation in the project in writing. Their data were 

written down in "Patient Clinical Records". 

4.1.2.1 Exclusion criteria: 

Patients with the following factors were excluded from the study: 

- patients with palpable tumor formations; 

- patients operated on the occasion of breast malignancies; 

- patients with multifocal tumors; 

- patients with multicentric malignancies; 

- patients with preoperatively diagnosed ductal in situ carcinoma (Patients with in 

situ carcinoma found postoperatively are included in the present analysis); 

- patients with negative ultrasound tumor formations. 

4.2 Methods 

A prospective multicentric comparative analysis of the data was performed. 

The simple method of randomizing each patient to one of two approaches was 

used:  

1. In the first method, preoperative skin marking of the exact location of the 

tumor formation was performed. Indication of its depth by calculating its dis-

tance from the epidermis and chest wall. Excision of the marked area was 

performed. 

2. In the second approach intraoperative ultrasound navigation was added to 

the above algorithm when performing the excision. 

4.2.1 Diagnostic studies 

4.2.1.1 Anamnestic and physical examination (inspection and palpation) 

4.2.1.2 Imaging investigations (ultrasound/echography, mammography and mag-

netic resonance imaging) 

● BI-RADS classification 

The measurements of the tumor formation from the imaging studies were statisti-

cally processed where the average value in centimeters was taken in the cases of 

two or more sizes. 
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4.2.1.3 Biopsy studies 

▪ Ultrasound-guided core-needle biopsy 

▪ Excision biopsy 

 

4.2.1.4 Pathoanatomical examinations 

▪ Intra-Operative Frozen Section study 

During all operations, an Intra-Operative Frozen Section study of the resec-

tion margins was performed, distinguishable with different numbers of suture liga-

tures, marked as follows: medial, lateral, cranial, caudal, to the skin and to the chest 

wall. The method of imprint cytology was used, the obtained preparations were 

stained with hematoxylin-eosin. Resection margins were marked as positive - in the 

presence of tumor cells, or negative - in the absence of tumor cells in the prepara-

tion.  

Each resection margin was stained with histological dye in the appropriate 

color. (Images 1, 2 and 3). 

 

Images 1, 2 and 3. Excised specimen - histological dye and ligature orientation. 

Tissue resect dissected every 0.5 cm (own material) 

❖ Permanent histological section 

❖ Histological typing 

❖ Staging 

❖ Degree of differentiation 

❖ Immunohistochemical studies 

4.2.1.5 Metric calculations of volumes and distances 

The distance of the tumor formation from each of the resection margins was 

calculated, and the analysis shows the nearest and farthest distance in centimeters. 

The excised lesion was measured in centimeters, and in cases of more than one 
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size the average size was used. 

In order to determine the calculated resection ratio (CRR), the model pro-

posed by Krekel and team was adapted for the calculation of the resection ratio, 

which determines the volume of healthy glandular tissue that has been excised.  

❖ Optimal resection volume (ORV). Formula: V(sphere) = (4/3)π(r + 0.5)3. 

❖ Total resection volume (TRV).  

Formula: V(ellipsoid) = 4/3.π.a.b.c. (Figures.1,2). 

    

Figures 1 and 2. Figures for calculating ORV and TRV 

❖ Calculated resection ratio (CRR)  

Formula: CRR = V(TRV)/V(ORV). (Figure 3). 

 

Figure 3. Figure for determining the calculated resection ratio (CRR) 

4.2.2 Surgical and anesthetic methods 

4.2.2.1 Anesthesia - general intubation anesthesia 

4.2.2.2 Preoperative planning and surgical treatment 

Surgical treatment in all patients in the study included only organ-sparing surgery.  

In one of the groups an additional method of navigation was used - intraoper-

ative ultrasound. 

The ultrasound machine was placed on the contralateral side of the operator. 

The transducer and its cable were packed in a sterile, plastic sleeve, allowing 

active handling in the operating field, ensuring excellent antiseptics during surgery. 

The contact ultrasonic gel was placed in the described sleeve on top of the trans-

ducer (Image 4). 
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Image 4. Preoperative ultrasound examination of the formation (own material) 

 

Prior to skin incision, an ultrasound imaging of the formation was performed, 

which was marked with a sterile marker on the skin in two axes intersecting at 90 

degrees. After planning the correct location of the surgical incision, the same was 

performed in depth at the level of subcutaneous adipose tissue. The transducer 

was placed back into the cut and the required distance for resection was deter-

mined by uniaxial movements. During different stages of the operation, a series of 

repeated ultrasound verifications of the location of the lesion and the distances from 

it were performed. After removing the preparation, it was marked on all sides with 

suture ligatures. Additional ultrasound examination was performed immediately af-

ter the destructive part of the intervention both at the bottom of the surgical wound 

and in the surrounding structures. The purpose of the method described above is 

to obtain further evidence that the lesion or part of it has not been left unremoved. 

An ex vivo ultrasound examination of the removed specimen was performed, 

showing the presence of a tumor formation in it, as well as the presence  and dis-

tance of the resection lines. (Image 5). 

 

   

Image 5. Ex vivo ultrasound examination of the specimen (own material) 
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The time during statistical processing was used for: 

● performing the destructive part of the surgery (excision); 

● layered closure of the surgical wound (suturing); 

● the total time of the surgical intervention. 

The beginning of the surgery was marked when making the first incision of the skin, 

and the end – when performing the last suture ligature. 

 

4.2.3 Objective three 

● Stage one ‒ Creating a model 

● Stage two ‒ Creating a matrix  

● Stage three ‒ Creating a phantom. 

 

4.2.4 Statistical methods 

The statistical methods were determined in accordance with the objectives 

of the thesis and the type of variables (metric, nominal, ordinal). Metric variables 

were checked for normality of the distribution by the Kolmogorov-Smirnov test. The 

following statistical and graphical analyses were performed. 

 

4.2.4.1 Objective one 

❖ Fisher’s exact test; 

❖ Bar graphs; 

❖ Line graphs; 

❖ Combined graphs. 

 

4.2.4.2 Objective two  

 

4.2.4.2.1 Patient characteristics 

▪ t-test for independent samples; 

▪ Chi-square test and Fisher’s exact test;  

▪ Bar graphs and line graphs. 

4.2.4.2.2 Surgical results 

▪ Kolmogorov‒Smirnov test 

▪ Mann‒Whitney U test; 

▪ Spearman’s rank-order correlation;  
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▪ Fisher’s exact test.  

 

4.2.4.2.3 Pathoanatomical characteristics of patients 

▪ Mann-Whitney U test; 

▪ t-test for independent samples; 

▪ Fisher’s exact test.   

 

4.2.4.2.4 Molecular subtypes in patients with malignant tumors 

• Chi-square test.  

 

All statistical analyses were performed at acceptable Type I error alpha = 5% 

(p <0.05). The level of statistical significance was graded as follows: * - p <0.05; ** 

- p <0.01; *** - p <0.001. The statistical software packages IBM SPSS, version 27 

(2020); Minitab, version 19 (2020); and MedCalc, version 20.008 (2021) were used 

for analysis and graphical presentation of the data. 

 

  



- 13 - 

V. Results 

5.1 Objective one 

To perform a complex assessment and analysis and epidemiological char-

acteristics of the prevalence of breast cancer in Plovdiv, Pazardzhik and Smolyan 

regions for a period of 10 years. 

 

5.1.1  Total number of newly diagnosed cancer patients for the period from 

2010 to 2019 

Figure 4 illustrates the dynamics in the number of newly diagnosed onco-

logical cases by years and regions, and in total for the period. The most pronounced 

dynamics can be seen in the Plovdiv region, where there was an increase in cancer 

patients between 2011 and 2014, followed by a reduction between 2015 and 2017, 

followed by another increase in 2018, and a minor decline in 2019. The total num-

ber of patients for the three districts during the 10-year period showed a similar 

trend.  

 

Figure 4. Dynamics in the number of newly diagnosed oncological cases in the 

period 2010 - 2019 in the regions of Plovdiv, Pazardzhik and Smolyan 

 The distribution of cancer patients grouped by sex for the regions of Plovdiv, 

Pazardzhik and Smolyan in the period 2010-2019 is presented in Figures 5,6 and 

7. The line graph illustrates the total number of newly diagnosed cancer patients 

for each year, and the bar graph represents the relative share of men and women 

for the year.Throughout the 10-year period, the proportion of men with cancer in 

the three regions remains above 50% and reaches 59%, while that of women with 

cancer varies between 43% and 49%.  
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Figures 5, 6 and 7. Newly diagnosed cancer cases in the period  

2010-2019 in the Plovdiv, Pazardzhik and Smolyan regions.  

Distribution by gender. 
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5.1.2 New cases of breast cancer for the period between 2010 and 2019 

For the region of Plovdiv (Figure 8) the lowest number of newly diagnosed 

patients with mammary gland carcinoma was observed in 2017 (N = 353) and the 

highest in 2011 (N = 451). Over the ten-year period, women with breast cancer ac-

counted for between 98% and 99.80% of the total number of new cases, and the 

proportion of men ranged from 0.20% to 2%. 

 

Figure 8. Newly diagnosed cases of mammary gland carcinoma in the period 2010 - 

2019 in Plovdiv region. Distribution by gender for each year. 

 

 For the Pazardzhik region, the lowest number was established in 2018 (N = 

99) while the highest number (N = 141) was recorded in 2010. The gender distribu-

tion shows a proportion of women ranging from 100% (2014) to 96% (2018 and 

2019). The proportion of men with mammary gland carcinoma varies between 0% 

and 4%, with the highest percentage occurring in the last two years, 2018 and 2019 

of the research period. (Figure 9)   
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Figure 9. Newly diagnosed patients with mammary gland carcinoma in the period 

2010 - 2019 in the Pazardzhik region. Distribution by gender for each year. 

 The incidence of mammary gland carcinoma in the region of Smolyan can 

be traced in Figure 10. The least cases (N = 41) were registered in 2019, and the 

most (N = 54) in 2012, 2013 and 2014. Women constitute 100% of the patients, 

except in 2011 and 2012, when 2% of the registered cases were men and 98% 

women.  

 

Figure 10. Newly diagnosed cases of mammary gland carcinoma in the period 2010 - 

2019 in the Smolyan region. Distribution by gender for each year. 
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5.1.3 Number of cases of malignant mammary gland disease per 100,000 peo-

ple by region for the period from 2010 to 2019 

 For the Plovdiv region, the highest number of cases with mammary gland 

malignancy among the women (reaching 127 and 124 per 100,000 people) was 

observed in 2011, 2013, 2014 and 2015. The lowest number was recorded in 2010 

and 2017 (≈ 100 per 100,000 people).  In the last two years of the period, 2018 and 

2019, a slight increase has occurred. In general, the incidence of men is very low - 

less than 3 cases per 100,000 people, and in 2015 the lowest number of 0.31 per 

100,000 people was reported. The graph of the total number shows similar dynam-

ics to that of women, who make up the majority of cases. The highest number of 

cases - between 66 and 65 per 100,000 people - was observed in 2011, 2013, 2014 

and 2015, and the lowest number was in 2017 and 2010 (≈ 51 to 52 per 100,000 

people). There has been a slight increase in the last two years (Figure 11). 

 

 

Figure 11. Number of cases of malignant disease of the mammary gland per 
100,000 people in the Plovdiv region 
 
 In the Pazardzhik region, the incidence graphs per 100,000 people showed 

a declining trend in the number of cases among women, and in the total number in 

the period from 2014 to 2019 compared to the period between 2010 and 2014. No 

clear trend was observed among the men, except for a slight increase in cases (3.2 

per 100,000) in the last two years of the period. (Figure 12). 
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Figure 12. Number of cases of malignant disease of the mammary gland per 
100,000 people in the Pazardzhik region 
 The incidence in the Smolyan region did show clear trends among the 

women and in the total number of cases per 100,000 people. The highest number 

of cases of mammary gland malignancy - between ≈ 91 and ≈ 92.50 - was observed 

in 2013, 2014, 2016 and 2018, and the lowest number was in 2011 (N = 71.27) and 

2019 (N = 75.84). The total number of cases per 100,000 people follows the curve 

for women. In men less than 2 cases were registered only in 2011 and 2012 and 

were completely absent in the remaining years of the period (Figure. 13).  

 
Figure 13. Number of cases of malignant disease of the mammary gland per 
100,000 people in the Smolyan region 
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5.1.4 Newly diagnosed patients with mammary gland carcinoma by quadrants 

in the period from 2010 to 2019  

The distribution of newly diagnosed patients with mammary gland carcinoma from 

the three regions of Plovdiv, Pazardzhik and Smolyan, by quadrants (ICD C50.0 to 

C50.9) is summarized in Table 1. For the entire ten-year period, the upper outer 

quadrant (ICD - C50.4) is associated with the highest proportion of cases compared 

to the other nine quadrants, ranging between 42 and 50%. The lowest proportions 

(between 0 and 0.40%) of newly diagnosed patients with mammary gland carci-

noma are localized in the so-called axillary tail (ICD - C50.6). 

Table 1. Proportions of newly diagnosed mammary gland carcinoma patients by 

quadrants 

  

Quadrant 

Year 
 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

С50.0 10.7% 15% 9% 11% 11% 10% 3% 2% 1.50% 2% 

С50.1 20% 17% 18.5% 15% 16% 11.50% 11% 16% 14% 10.80% 

С50.2 10% 7% 10% 10% 12% 15% 13% 14% 12% 15% 

С50.3 4% 4% 5% 6% 6% 5% 6% 5% 6% 4% 

С50.4 44% 45% 43.5% 46% 42% 46% 50% 47% 46.5% 48% 

С50.5 9.7% 11% 11% 9% 10% 8% 9% 10% 9% 9% 

С50.6 0.30% 0% 0% 0% 0% 0.20% 0.40% 0.20% 0% 0.20% 

С50.8 0.30% 0.60% 2% 1% 1% 1.30% 4% 4% 6% 8% 

С50.9 1% 0.40% 1% 2% 2% 3% 3.60% 1.80% 5% 3% 

TOTAL % 

Number  

100% 

556 

100% 

635 

100% 

586 

100% 

642 

100% 

609 

100% 

608 

100% 

566 

100% 

512 

100% 

538 

100% 

545 

 

Figure 14 illustrates the main trends from the data in Table 1 presenting the 

total number of newly diagnosed mammary gland carcinoma patients for the three 

regions (Plovdiv, Pazardzhik and Smolyan) for each year and the proportion of 

cases for the upper outer quadrant, which predominates among all the rest. 
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Figure 14. Distribution by quadrants of the newly diagnosed mammary gland carci-
noma patients in the regions of Plovdiv, Pazardzhik and Smolyan  

5.1.5 Morphological types in newly diagnosed cases of breast malignancies 

in the regions of Plovdiv, Pazardzhik and Smolyan in the period from 2010 to 

2019 

For the region of Plovdiv in the period from 2010 to 2019 the majority of the 

registered cases of malignant breast disease were confirmed histologically, with 

few exceptions of cytological and clinically made diagnoses. (Figure 15). 
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Figure 15. Diagnostic methods that were used to establish new cases of malignant 

breast disease during the period 2010-2019 in the region of Plovdiv. 

The analysis of the morphological types for the ten-year period in the Plovdiv 

district showed the presence of 27 morphological types. The specific number of 

each morphological type for the different years is presented in Table 2. Throughout 

the ten-year period, three morphological types dominated. The high number of mor-

phology of the invasive ductal type stood out, followed by the lobular and mucinous 

types. The tubular, medullary, tubuloductal and Paget morphological types were 

rare. The rest of the types were very rare or completely absent during most of the 

study period. 

Table 2. Morphological types in newly registered cases of malignant breast disease 

in the Plovdiv region 

 
Morphological type  

Year 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

1 Invasive ductal 316 363 332 376 381 376 326 309 319 318 

2 Lobular 24 34 43 40 34 40 32 24 35 46 

3 Mucinous 10 8 7 3 5 10 10 4 11 14 

4 Tubular 4 6 4 0 4 2 1 3 0 6 

5 Medullary 1 2 2 3 2 1 4 0 2 2 

6 Tubuloductal 2 0 0 2 1 4 16 2 5 2 

8 Paget’s 1 7 1 1 1 1 2 1 0 0 

7 Cribriform 0 1 0 1 0 1 0 1 0 1 

9 Papillary 0 0 0 2 0 0 0 0 2 1 

10 Comedo  1 2 0 0 4 0 2 0 0 2 

11 Intraductal papillary 0 0 0 3 3 4 0 3 3 5 
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12 Myxoid liposarcoma 0 0 0 0 0 0 0 0 1 1 

13 Hemangiosarcoma 0 0 0 0 0 0 0 0 0 1 

14 Inflammatory carcinoma 0 0 0 0 0 0 0 0 1 0 

15 Squamous cell 0 0 0 0 0 0 0 2 0 0 

16 Apocrine 0 0 0 0 0 0 1 2 0 0 

17 Metaplastic squamous cell  1 0 0 0 0 0 1 1 0 0 

18 Phyllodes 0 0 0 0 0 0 2 1 0 0 

19 Adenoid cystic 0 0 0 2 1 0 2 0 0 0 

20 Adenocarcinoma 2 1 1 1 0 1 0 0 0 0 

21 Sarcoma 0 0 0 0 1 0 0 0 0 0 

22 Liposrcoma 0 0 0 0 1 0 0 0 0 0 

23 Carcinosarcoma 0 0 0 0 1 0 0 0 0 0 

24 Scirrhous 0 3 1 3 0 0 0 0 0 0 

25 Fibrosarcoma 0 0 2 0 0 0 0 0 0 0 

26 Lymphangiosarcoma 0 1 0 0 0 0 0 0 0 0 

27 Unidentified morphology 0 1 0 1 0 0 0 0 0 2 

Total 362 429 393 438 439 440 399 353 379 401 

 

Figure 16 illustrates the three dominant morphological types, among which 

the most common was the invasive ductal type, followed by the lobular and mucin-

ous types.  

 

Figure 16. The most common morphological types for the Plovdiv region from 2010 to 

2019 

 The data for the Pazardzhik region showed similar trends to those for the 

Plovdiv region. The registered cases of breast malignancy in the period from 2010 
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to 2019 were mostly histologically proven, with the exception of several clinically 

and cytologically confirmed diagnoses. (Figure. 17).  

 

Figure 17. Diagnostic methods that were used to establish new cases of malignant 

breast disease in the period 2010 - 2019 in the Pazardzhik region 

The analysis of the morphological types in Pazardzhik region showed 19 

types of morphology in the newly registered malignant diseases of the breast during 

the ten-year period. The specific values for each year are provided in Table 3.  

During the ten-year period, two morphological types dominated, among 

which the invasive ductal type is the most common, followed by the lobular type. 

Mucinous and tubular morphology types were less common, and other morpholog-

ical types were very rare for most of the period.  

Table 3. Morphological types in the newly registered cases of breast malignancy in 

the Pazardzhik region 

Morphological type 
Year 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

1 Invasive ductal 111 111 105 114 99 92 81 95 83 86 

2 Lobular 9 13 12 12 5 6 10 10 10 12 

3 Mucinous 6 1 1 2 3 7 4 2 0 1 

4 Tubular 1 2 1 3 2 1 5 4 2 4 

5 Cribriform 0 0 0 0 0 2 0 0 0 1 

6 Medullary 0 1 0 0 1 0 0 0 1 2 

7 Adenoid cystic 0 0 0 0 0 0 1 0 1 0 
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8 Tubular 0 2 0 0 0 1 1 0 1 0 

9 Intraductal papillary 0 1 1 0 0 0 0 1 0 0 

10 Phyllodes 0 0 2 0 0 1 0 3 0 0 

11 Papillary 0 0 0 0 0 0 1 0 0 0 

12 Apocrine 0 0 0 0 0 0 2 0 0 0 

13 Fibrosarcoma 1 0 0 0 0 0 1 0 0 0 

14 Adenocarcinoma 0 0 1 0 0 2 0 0 0 0 

15 Comedo 0 2 1 0 0 0 0 0 0  

16 Paget’s 0 0 1 0 0 0 0 0 0 0 

17 Metaplastic squa-

mous cell 
0 1 0 0 0 0 0 0 0 0 

18 Liposarcoma 1 0 0 0 0 0 0 0 0 0 

19 Carcinoma with uni-

dentified morphology 
0 0 0 0 1 0 0 0 0 0 

Total 129 134 125 131 111 112 106 115 98 106 

 

Figure 18 illustrates the two most prevalent morphological types in the Pa-

zardzhik region, the invasive ductal and lobular types.  

 

Figure 18. The most prevalent morphological types for the Pazardzhik region from 

2010 to 2019 

 As can be seen in Figure 19, the newly registered cases of breast malignancy 

in the Smolyan region for the period 2010–2019 were also confirmed histologically with 

very few exceptions. 
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Figure 19. Diagnostic methods used to establish new cases of malignant breast dis-

ease during the period 2010 - 2019 in the region of Smolyan  

 A total of 11 morphological types were identified in the Smolyan region (Ta-

ble 4), among which the invasive ductal type was dominant. Lobular, tubular, and 

mucinous morphology followed, but they were of low frequency. Other morpholog-

ical types were very rarely detected throughout the period or were completely ab-

sent.  

Table 4. Morphological types in the newly diagnosed mammary gland carcinoma in 

the Smolyan region 

Morphological type Year 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

1 Invasive ductal 34 34 46 50 44 41 42 39 34 30 

2 Lobular 5 5 1 1 4 3 3 4 5 7 

3 Tubular 3 2 2 0 1 2 0 1 3 0 

4 Mucinous 3 2 2 0 1 2 0 1 3 0 

5 Medullary 2 0 0 0 1 0 2 0 0 1 

6 Papillary Squamous 

Cell 
0 0 0 0 0 0 1 0 0 0 

7 Tubular 1 1 0 0 2 1 0 0 0 0 

8 Sarcoma 0 0 0 0 0 1 0 0 0 0 

9 Comedo 0 0 0 0 1 0 0 0 0 0 

10 Adenocarcinoma 1 0 1 0 0 0 0 0 0 0 

11 Intraductal papillary 0 0 0 0 0 0 2 0 0 1 
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Figure 20 illustrates the two most common morphological types in the Smolyan 

region, the invasive ductal and lobular types.  

 

Figure 20. The most common morphological types for the Smolyan region from 2010 

to 2019 

 

5.1.6. Distribution of newly diagnosed mammary gland carcinoma patients 

according to the degrees of differentiation for the period 2010-2019 

Figure 21 summarizes the proportions of newly diagnosed mammary gland 

carcinoma patients according to the degrees of differentiation for the period 2010 - 

2019. 

The degrees of differentiation are indicated by codes: G1 - well differentiated; 

G2 - moderately differentiated; G3 - poorly differentiated; G4 - undifferentiated; G9 

- cases not studied. The following trends emerged: 

1) Throughout the ten-year period, the highest relative share was represented by 

the cases with a G2 degree of differentiation, the values of which varied between 

44% (2016) and 67% (2017).   

2) Second in relative terms were the cases with a G3 degree of differentiation, with 

a range of variability between 15% (2011) and 35% (2018). 

3) Cases with a G1 degree of differentiation represented a relatively low relative 

share, between 4% (2014) and 16% (2011). It is a noteworthy fact that in the first 

three years of the period (2010, 2011 and 2012) there was a higher percentage of 

cases with G2 differentiation, followed by a decrease until the end of the period.  



- 27 - 

4) The lowest was the relative share of cases with a degree of differentiation G4, 

which is between 0.20 to 1% in seven years of the ten-year period and not detected 

in three years (2010, 2017 and 2018).  

5) The percentage of cases not studied labeled G9 varied between 6 (2017) and 

16% (2013%). 

 
Figure 21. Distribution of breast cancer cases according to degree of differentiation for 
the period 2010 – 2019 

 
5.1.7 Distribution of newly diagnosed mammary gland carcinoma patients by 

age groups for the period from 2010 to 2019 

The age distribution in given in the following 5 categories: ≤ 30 years; 31 - 

45 years; 46 - 60 years; 61 - 80 years; > 81 years. On Figure 22, the age group 

between 61 to 80 years shows the highest rate of new cases of mammary gland 

carcinoma throughout the10-year period, within a range between 45 (2011 and 

2018) to 50% (2014). 

This was followed by the age group between 46 and 60 years, which showed 

a trend of new cases, accounting for between 30 to 34% of all registered patients 

with mammary gland carcinoma. 

The age group of 35 to 45 years old came in third in terms of newly diag-

nosed patients, with a range of 11% to 15% variability. The maximum proportion 

(15%) was recorded in this group at the start of the period (2010), followed by a 

reduction of 2% to 4%. The most common rate of 11% was observed in five of the 

10 years of the period. 
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In the age group older than 80 years, the proportion of newly diagnosed pa-

tients varied between 6% and 10%, as the last two years (2018 and 2019) were  

characterized by the highest rates, respectively, 10% and 9%. 

The new cases of mammary gland carcinoma in the age group ≤ 30 years 

were very infrequent. They represent approximately 1% of all registered cases, as 

in 2017 there were no new cases and the highest proportion of 7% was observed 

in 2011. 

 

 
Figure 22. Distribution of newly diagnosed mammary gland carcinoma cases  by age 
groups for the period from 2010 to 2019 

 

5.1.8 Distribution of newly diagnosed mammary gland carcinoma patients by 

age groups and degree of differentiation for the period from 2010 to 2019 

The distribution of newly diagnosed mammary gland carcinoma patients by 

age groups and degree of differentiation for the period from 2010 to 2019 is sum-

marized in Figure 23. As already mentioned, according to the degree of differenti-

ation cases of moderately differentiated (G2) mammary gland carcinoma were the 

highest relative share and this trend was stable for the entire ten-year period, re-

gardless of age group. Specifically, in the youngest group of patients (≤ 30 years), 

moderately differentiated mammary gland carcinoma (G2) accounted for 41% of 
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cases over the ten-year period. In the age group from 31 to 45 years there was an 

increase in the relative share of G2 to 54%, and in the next two age groups (from 

46 to 60 years and from 61 to 80 years) the relative share increased to 56%. In the 

oldest group> 80 years, moderately differentiated mammary gland carcinoma (G2) 

accounted for 44% of the detected degrees of differentiation. 

Next in terms of incidence was the poorly differentiated carcinoma (G3), 

which showed the highest proportion of 40% in the youngest group (≤ 30 years) 

and ranged from 20% to 26% in other age groups. Well differentiated carcinoma 

(G1) was relatively rare in all age groups, with the lowest relative share (3%) in the 

youngest (≤ 30 years) and the oldest group over 80 years (4%). In other age groups, 

G1 carcinoma accounted for between 9 and 10% of cases. The least common in 

all age groups was the undifferentiated carcinoma (G4), which for the ten-year pe-

riod between 2010 and 2019 was not registered at all in the two youngest age 

groups and occurred in less than 1% of other age groups. The highest percentage 

of cases not studied (G9) was observed in the oldest group over 80 years of age, 

with a relative share of 24% for the entire ten-year period. The lowest relative share 

of cases not studied (9%) was found in the age groups between 46 and 60 years 

of age and between 61 and 80 years of age. 

 
Figure 23. Distribution of newly diagnosed mammary gland carcinoma cases by age 

groups and degree of differentiation for the period from 2010 to 2019. 
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5.1.9 Distribution of newly diagnosed cases of mammary gland carcinoma by 

stage and age groups for the period from 2010 to 2019 

The distribution of newly diagnosed patients by disease stage and age 

groups showed similar trends over the ten-year period.  

1) Cases of stage II mammary gland carcinoma predominated in the majority of age 

groups, with few exceptions, most often in the oldest group > 81 years, in which 

stage IV cancer was more common. 

2) In the youngest group ≤ 30 years, except in 2016, no cases with stage IV of the 

disease were registered.  Figure 24 summarizes the proportions of new cases of 

mammary gland carcinoma by disease stage without distinguishing age groups. 

The following four trends stood out and remained stable throughout the ten-year 

period, without exception.  

1) In the period 2010 - 2019, the highest proportion constituted the cases with stage 

II carcinoma, with a range of variability between 34% (2018) and 44% (2018).  

2) Stage I cancer cases came in second, with a range of variability between 26% 

(2010) and 34% (2019). 

3) Stage III carcinomas accounted for between 17% (2013) and 25% (2018) of all 

reported cases. 

4) Stage IV mammary gland carcinoma constituted the smallest proportion of all 

cases, with proportions varying between 6% (2015 and 2018) and 11% (2011). 

 
Figure 24. Distribution of newly diagnosed cases by disease stage for the period be-

tween 2010 and 2019 
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5.1.10 Mammary gland malignancy mortality for the period from 2010 to 2019 

In the Plovdiv region, the highest mortality among women was observed in 

2014, 2015 and 2016 (between 0.080‰ to 0.095‰). The lowest mortality rate was 

in 2017 (0.055 ‰), with an increase in the last two years of the period (0.078‰ and 

0.084‰). In men, mortality was very low or none in five of the 10 years of the period. 

The overall mortality curve was similar to that of women, with the highest values in 

2014, 2015 and 2016 (between 0.041‰ and 0.049‰) and the lowest value in 2017 

(0.029 ‰). In the last two years there had been an increase to 0.042 ‰ and 0.043 

‰ (Figure 25).  

 

Figure 25. Mortality due to malignant disease of the mammary gland for the period 
2010 - 2019 in the Plovdiv region 

In the Pazardzhik region, the highest mortality among women was observed 

in the following three years of the period: 2010 (0.115‰), 2013 (0.102‰) and 2016 

(0.113‰). The lowest mortality rates were in 2011 (0.050‰), 2014 (0.052‰) and 

2017 (0.053‰). For men, in six years (2011, 2012, 2014, 2016, 2018 and 2019) no 

deaths were reported (0.00 ‰), and in the remaining 4 years the mortality rate was 

very low (0.007 ‰ to 0.008 ‰). The total mortality rate parallels the tendency ob-

served among the women, with peaks in 2010 (0.063‰), 2013 (0.056‰) and 2016 

(0.058‰) and the lowest values of 0.026‰ in 2011 and 2014.  
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There was a new decline in mortality among women in the Pazardzhik region in last 

year of the period (2019). (Figure. 26). 

 

Figure 26. Mortality due to malignant disease of the mammary gland for the period 
2010 - 2019 in the Pazardzhik region 

Among women in the Smolyan region, the mortality rate from mammary gland 

carcinoma showed variability between 0.047 ‰ in 2010, when the lowest mortality was 

reported, and 0.129 ‰ in 2018, the year with the highest mortality in the 10-year period. 

In the last year (2019) there was a decrease to 0.055 ‰. For men, a mortality of 

0.017 ‰ was reported in 2011 and was completely absent in the remaining years 

of the period. The curve of the total mortality in the  Smolyan region follows that of 

women, with the lowest mortality in 2010 (0.024 ‰), the highest in 2018 (0.066 ‰), 

and a decrease  in 2019 to 0.029 ‰ (Figure 27). 
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Figure 27. Mortality due to malignant disease of the mammary gland for the period 
2010 - 2019 in the Smolyan region 

 

5.1.11. Comparison of mortality in the three areas 

Figure 28 illustrates the overall mortality in the three regions over the 10-year pe-

riod. The following trends emerged: 

1) Plovdiv was shown as the region with the highest mortality in the following 4 

years: 2011 (0.046‰), 2014 (0.041‰), 2015 (0.049‰) and 2019 (0.043‰). 

2) Pazardzhik stood out as the region with the highest mortality in 3 years of the 

period: 2010 (0.063‰), 2013 (0.056‰) and 2016 (0.058‰). 

3) The Smolyan region had the highest mortality in the remaining 3 years: 2012 

(0.042‰); 2017 (0.047‰) and 2018 (0.06‰) 

4) The average mortality for the 10-year period was similar in the three regions, the 

lowest being in the Plovdiv region (0.039‰), followed by the Smolyan region 

(0.040‰) and the Pazardzhik region (0.042 ‰). 
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Figure 28. Mortality due to mammary gland carcinoma for the period 2010 - 2019 in 

the regions of Plovdiv, Pazardzhik and Smolyan 

5.2 Objective two  

To make a prospective, randomized, multicentric comparative analysis of pa-

tients operated on non-palpable breast lesions by the method of sector excision 

and by intraoperative ultrasound navigation. 

 

Introduction 

Fifty-three patients with non-palpable tumors of the mammary gland were 

monitored, of which 48 were operated on in the Department of Oncological Surgery 

at the Complex Oncology Centre, Plovdiv and five in the Clinic of Surgery at 

Kaspela University general hospital, Plovdiv. Sector resection (SR) was performed 

in 28 of the patients, and intraoperative ultrasound navigation (IOU) was used in 

the remaining 25. All 53 patients included in the present study were female. The 

surgeries were performed between March 2020 and September 2021. The number 

of patients according to the time of the operation is presented in Figure. 29. 
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Figure 29. Patient distribution by the time of surgery. 

5.2.1 General characteristics of patients 

 Demographic and clinical data for the studied groups of patients are summa-

rized in Table 5 and are graphically illustrated thereafter.   

The two patient groups had a similar age profile, without significant differ-

ences (p = 0.664). The age of patients in the group operated by sector resection 

(SR) varied between 32 and 78 years, with a mean age of 58.75 ± 14.28 years and 

a median of 63 years. In the group with intraoperative ultrasound (IOU) the age  

ranged from 40 to 82 years, with a mean age of 60.28 ± 10.65 years and a median 

of 62 years.  

The body mass index (BMI) also showed similar values, with no significant 

difference between the groups (p = 0.642). In the SR group, BMI had values from 

18.60 kg/m2 to 35.50 kg/m2, with an average value of 25.49±4.12 kg/m2. For the 

IOU group, the average BMI was 24.92±4.64 kg/m2 and the SR group ranged from 

17.60 kg/m2 to 35.90 kg/m2. In both groups, the majority of patients (85% SR and 

84% IOU) had a body mass index in the normal range between 18.50 kg / m2 to 

24.90 kg/m2. Patients with BMI > 25 kg/m2 accounted for 15% of the SR group and 

12% of the IOU group. In the SR group there was one case (4.00%) with subnormal 

BMI (17.60 kg/m2). 
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Table 5. Demographic and other main characteristics of the patients in the SR and 

IOU groups 

Indices  Group p 

Sector resection 
 (N = 28) 

Intraoperative ultra-
sound 
(N = 25) 

Age (Years) 
o X̅  (±SD) 
o Median (IRQ)  
o Min.-Max.    

 
58.75 (±14.28) 
63 (21.25) 
32 - 78 

 
60.28 (±10.65) 
62 (17.50) 
40 - 82 

 
0.664t 

BMI (kg/m2) 
o Mean (±SD) 
o Min.-Max.    

BMI categories (%)   

 
25.49 ±(4.12) 
18.60 - 35.50 

 
24.92 (±4.64) 
17.60 - 35.90 

 
0.642t 

o Underweight (< 18.50) 0 (0.00%) 1 (4.00%)  
o Healthy/normal (18.50 – 24.99) 23 (85.00%) 21 (84.00%) 0.560χ2 
o Overweight  > 25 5  (15.00%) 3 (12.00%)  

Concomitant diseases (number.; %) 14 (50.00%) 11 (44.00%) 0.785f 
Tumor localization (number, %)     
o Left mammary gland 15 (53.60%) 16 (64%)  

0.578f o Right mammary gland 13 (46.40%) 9 (36%) 
Quadrant (number, %)    
o Upper-outer quadrant 19 (68.00%) 11 (44.00%) 0.101f 
o Upper-inner quadrant 3 (10.70%) 4 (16.00%) 0.694f 
o Lower-outer quadrant 3 (10.70%) 4 (16.00%) 0.694f 
o Lower-inner quadrant 3 (10.70%) 4 (16.00%) 0.694f 
o Central portion 0 (0%) 2 (8.00%) 0.218f 

Ultrasound / mammography size of the 
tumor (cm) 
o X̅ (±SD) 

 
 
1.61 (±0.77) 

 
 
1.16 (±0.33) 

 
 
0.010t* 

BI-RADS (number / %)    
o Category 2: Benign (non-cancerous)   2 (7%) 0 (0%) 0.492f 
o Category 3: Probably benign finding 2 (7%) 0 (0%) 0.492f 
o Category 4: Suspicious abnormality 5 (18%) 9 (36%) 0.212f 
o Category 5: Highly suggestive of ma-

lignancy 
 
5 (18%) 

 
2 (8%) 

 
0.426f 

o Category 6: Known biopsy-proven 
malignancy.................. 

 
14 (50%) 

 
14 (56%) 

 
0.785f 

Core needle biopsy (number / %)    
o Yes 

➢ Malignant 
➢ Benign  

14 (50%) 
14 (100%) 
0 (0%) 

14 (56%) 
14 (100%) 
 0 (0%) 

 
na 

o No 
➢ Malignant 
➢ Benign 

14(50%) 
5(36%) 
9(64%) 

11 (44%) 
4 (63%) 
7 (37%) 

 
na 

Neoadjuvant chemotherapy in cancer 
patients number (%)   

  
n=19 

 
n=18 

 

o Yes 
o No  

8 (42%) 
11 (58%) 

4 (22%) 
14 (78%) 

 
0.717 f 

X̅ ‒ mean value; BMI – body mass index; IRQ ‒ interquartile range; t ‒ Independent samples t- 

test; χ2 – Chi-square test; f – Fisher's exact test; na – unsuitable for statistical comparison; * ‒ 

Statistical significance at p < 0.05 
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Concomitant diseases were found in 25 patients, of which 14 (50%)were 

from the SR group and 11 (44%) from the IOU group, without significant difference 

(p = 0.785). It should be noted that the majority of patients with concomitant dis-

eases suffered from several such diseases. Table 6 summarizes the types of ac-

companying diseases in the 25 patients diagnosed with such. Arterial hypertension 

was the most common concomitant disease, affecting 20 patients. Followed by an-

gina pectoris (n = 7), cerebrovascular disease (n = 6), non-insulin-dependent dia-

betes (n = 6), atrial fibrillation (n = 4), asthma (n = 4), heart failure (n = 3), depressive 

disorder (n = 3), hypothyroidism (n = 2), allergies (n = 2). The remaining diseases 

were found in one patient. 

Table 6. Types of concomitant diseases found in the studied groups of patients 
 

 

Tumors of the left mammary gland were more common in both groups - in 

53.60% of patients in the SR group and in 64% of the IOU group, p = 0.578 (Figure. 

30). 

 

 

 

 

 Concomitant diseases Total 

1)  Arterial hypertension 20 

2)  Angina pectoris 7 

3)  Cerebrovascular disease 6 

4)  Non-insulin-dependent diabetes  6 

5)  Atrial fibrillation 4 

6)  Asthma 4 

7)  Heart failure 3 

8)  Depressive disorder 3 

9)  Hypothyroidism 2 

10)  Allergies 2 

11)  Rheumatoid arthritis 1 

12)  Thrombophlebitis of the lower extremities 1 

13)  B12 deficiency anemia 1 

14)  COPD                                     1 

15)  Supraventricular tachycardia 1 

16)  Glaucoma 1 

17)  Ulcerative colitis 1 

18)  Neurotic disorder 1 

19)  Ischemic cardiomyopathy 1 
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Figure 30. Distribution of patients according to tumor locality 

There was no significant difference between the groups in terms of the quad-

rant in which the tumor was localized (p>0.05 for all quadrants). Tumors localized in 

the upper outer quadrant constituted the largest proportion in both groups (68% SR 

and 44% IOU). Next came the upper inner quadrant, the lower outer quadrant, and 

the lower inner quadrant with an equal distribution of 10.70% in the SR group and 

16.00% in the IOU group. Two cases (8.00%) were registered in the central portion 

in the IOU group and none in the SR group. The distribution by quadrants in both 

groups of patients is illustrated in Figure. 31. 
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Figure 31. Distribution by quadrants  

The ultrasound/mammography size of the tumor was calculated as the aver-

age of the width and length of the tumor for each patient. The mean ultra-

sound/mammography tumor size was 1.61±0.77 cm in the SR group and 1.16±0.33 

cm in the IOU group, with a significant difference of 0.45 cm, p = 0.010 

No significant difference was found between the two groups in the distribu-

tion of patients according to the BI-RADs classification. Benign formations (cate-

gory 2) were found in two patients (7%) in the SR group and none were observed 

in the IOU group. Probably benign findings (category 3) were found in two patients 

in the SR group (7%) and in the IOU group none were found. Suspicious abnormal-

ities (category 4) were found in five patients in the SR group (18%), and nine (36%) 

in the IOU group, with no significant difference (p=0.212). Five (18%) masses highly 

suggestive of malignancy (category 5) were diagnosed in the SR group, and two 

(8%) in the IOU group (p = 0.426). Biopsy-proven malignancies (category 6) had 

the highest relative share in both groups: 14 (50%) in the SR group and 14 (56%), 

as well, in the IOU group. (p = 0.785). Figure 32 illustrates the distribution of pa-

tients according to the 6 categories of the BI-RADs classification.  
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Figure 32. Distribution of the patients according to the  BI-RADs classification 

As already mentioned, in 28 patients,14 patients in the SR group and 14 in 

the IOU group, the malignancy was detected by core needle biopsy under ultra-

sound control and all were categorized as category 6 under the BI-RADs system. 

(Image 6). 

Image 6. Ultrasound-guided core needle 

biopsy of a non-palpable tumor formation 

 

No core needle biopsy was per-

formed on the remaining 25 patients 

due to lack of need, inability or patient's 

unwillingness. Subsequently, a malig-

nant tumor was found in nine (36%) of 

the 25 patients that hadn’t undergone 

biopsy. Of the nine patients with malig-

nancy (without core needle biopsy), five 

were in the SR group and four in the 

IOU group. Of the same nine patients, 

six were categorized highly suggestive 
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of malignancy (category 5) under the BI-RADs system (4 SR and 2 IOU). The other 

three malignancies were identified as suspicious abnormalities (category 4) under 

the BI-RADs system (1 SR and 2 IOU).  

Benign growth was found in the remaining 16 patients out of 25 with no core 

needle biopsy, two of which were categorized as benign (category 2) under the BI-

RADs system where both were in the SR group; two - probably benign (category 3) 

- both in the SR group; 11 - as suspicious (category 4), of which 4 SR and 7 IOU; 

one - as highly suggestive (category 5) in the SR group (Figure. 33). 

 

Figure 33. Distribution of the patients with malignant formations in terms of core needle 

biopsy performed/not performed and their BI-RADs category 

Of the 37 patients with malignancies, 12 (32%) received neoadjuvant chemo-

therapy prior to surgery. Within each group, 42% of the patients in the SR group (8/19) 

received neoadjuvant chemotherapy and 22% in the IOU group (4/18) with no signifi-

cant difference, p = 0.717 (Figure 34). 
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Figure 34. Distribution in terms of performed/not performed preoperative neoadju-

vant chemotherapy treatment among the patients with malignant tumors  

5.2.2 Surgery results  

The duration of surgery, including the time for resection and suturing, did not 

show a normal distribution according to the Kolmogorov-Smirnov test (p < 0.05 in 

4 of the distributions). With these data, the median is a more reliable indicator of 

the central trend than the arithmetic mean, and the Mann-Whitney U test was used 

to compare the groups. (Table 7). 

The SR group had a significantly longer duration of surgery (median 25 

minutes) than the IOU group (median 16 minutes), p <0.001. Figure 35 illustrates 

the distribution of the total duration of surgery in the two patient groups. Overall, in 

the SR group, the individual surgery durations were longer and varied within a wider 

range versus shorter individual durations and a relatively narrower range in the IOU 

group. 
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Table 7. Results of the comparison of the groups regarding surgical indices 

Index  Group p 

Sector 
resection 
(N = 28) 

Introperative 
ultrasound 
(N = 25) 

Duration (min.)      
Total 

o X̅ (±SD) 
o Median (IQR) 

 
23.64(±5.05) 
25 (6.0) 

 
17.68(±5.72) 
16 (6.5) 

 
 
<0.001U 

On resection 
o X̅ (±SD) 
o Median (IQR) 

 
8.57(±3.63) 
7 (5.0) 

 
9.88(±4.59) 
10 (8.0) 

 
 
0.344U 

On suturing 
o X̅ (±SD) 
o Median (IQR) 

 
15.07(±4.38) 
15.40 (8.25) 

 
7.80(±2.70) 
7 (3.0) 

 
 
<0.001U 

Concurrent re-excision 
Number (%) 

 
1 (3.6%) 

 
0 (0%) 

 
1.000f 

Conversion to mastectomy  
Number (%) 

 
0 (0%) 

 
0 (0%) 

 
na 

Secondary surgery (number :%)    
o Re-excision 1 (3.6%) 0 (0%) 1.000f 
o Mastectomy 0 (0%) 0 (0%) na 

Complications (number ;%) 0 (0%) 0 (0%) na 
Intraoperative complications 
(number, %) 

0 (0%) 0 (0%) na 

Postoperative complications 
(number, %) 

0 (0%) 0 (0%) na 

X̅ ‒ Mean value; U ‒ Mann Whitney U test for independent samples; f – Fisher’s exact 

test ; na – not suitable for statistical comparison 

Figure 35. Total duration of surgery  
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The resection time showed higher values in the SR group (median 10 
minutes) compared to the SR group (median 7 minutes), but without significant dif-
ference (p = 0.344). The opposite trend was observed for the suturing time, which 
showed 2.2 times lower value in the IOU group (median 7 minutes) compared to 
the SR group (median 15.40 minutes), with a high significance of the difference (p 
<0.001). Figure 36 shows the difference between the two groups in terms of distri-
bution, range and individual values of the suturing time. 

 
Figure 36. Time needed for suturing 

As already mentioned, the patients included in the present study were oper-

ated on between March 2020 and September 2021. To examine the effect of the 

surgeons’ gained experience in performing IOU operations, the period of time was 

coded in the following categories: 1) between March and December 2020; 2) be-

tween January and May 2021; 3) between June and September 2021. Spearman's 

rank-order correlation was used to study the influence of experience on the duration 

of surgery, resection time and suturing in the IOU group. For comparison, we con-

ducted a similar analysis in the SR group.  

The effect of body mass index (BMI) on the duration of the operation, the 

resection time and the suturing time was also examined. For the purpose, BMI was 

entered as a continuous variable.  

The results (Table 8) showed no association between BMI, the duration of 

surgery, resection time and suturing time regardless of the patient group (p> 0.05 

in all analyses performed). The fact that ≈85% of patients in both groups were cat-

egorized with normal BMI values is a possible explanation for the lack of associa-

tion with the duration of the surgical process.   
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The experience of the surgeon, which was defined in three categories, based 

on the year and month when the surgery was performed, did not show a significant 

effect on the duration of the surgery, the resection time and the suturing time in the 

SR group (p> 0.05 in all analyzes), but proved to be an important factor in the IOU 

group with two statistically significant correlation coefficients. First, the experience 

of the surgeon showed a relatively high negative association with the duration of 

the operation.  

(rs = ‒0.525, p = 0.007). In practice, this result means that with the increase of the 

surgeon's practice in performing IOU operations, there was a decrease in the time 

required to perform this type of surgical treatment. The same trend was found for 

the resection time, with a correlation coefficient showing a moderate negative as-

sociation (p = 0.014). Better experience in performing IOU surgery is associated 

with reducing the time required for resection as well. Only the suturing time did not 

show a connection with the surgeon's practice in performing this type of operation 

(rs = ‒0.001, p = 0.994). 

Table 8. Results of Spearman's correlation analysis of the relationship between BMI 

and time of surgery with the duration of surgery, resection and suturing 

Values  SR IOU 

Duration of operation 

BMI   Correlation 
coefficient 

-0.037 -0.133 

 p 0.856 0.527 

Time for operation  Correlation 
coefficient 

0.313 -0.525 

 p 0.105 0.007** 

Resection time    

BMI  Correlation 
coefficient 

0.069 -0.098 

 p 0.731 0.642 
Time for operation Correlation 

coefficient 
0.043 -0.484 

 p 0.258 0.014* 

Suturing time    

BMI Correlation 
coefficient 

-0.099 -0.20 

 p 0.623 0.924 
Time for operation Correlation 

coefficient 
0.199 -0.001 

 p 0.310 0.994 

  

Figure 37 illustrates the significant relationship between the year and month of the 

operation as an indicator of the surgeon's practical experience and the time re-

quired to perform the operation and resection. There was a gradual shortening of 

the duration of the operation from 20 minutes (March - December, 2020) to 19 
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minutes (January - May 2020) to 14 minutes (June - September, 2021). The resec-

tion time also decreased from 13 minutes (March - December 2020) to 10 minutes 

(January ‒ May 2020) to 7 minutes (June - September 2021). The suturing time 

stayed the same, between 7 and 8 minutes. 

 

* - statistical significance at p < 0.05; ** - statistical significance at p < 0.01 

Figure 37. Significant negative association between surgeon’s experience (based on 
the month and year of surgery), operation duration and resection time 

 

The other operative indicators (Table 7) did not show significant differences 

between the two patient groups. Concurrent re-excision occurred in one case 

(3.6%) of the SR group, in which compromised margins were found during the op-

eration. Secondary re-excision was required in one (3.6%) patient in the SR group 

who developed tumor cells after receiving the permanent preparation (5 days later) 

and it was needed to do so. Complications, including intraoperative and postoper-

ative, were not found in any patient.  

 

5.2.3  Pathoanatomical characteristics of patients 

This section presents the results of the statistical comparison of SR and IOU 

groups on pathoanatomical parameters. Metrics were compared by t-test for inde-

pendent samples and presented with arithmetic mean and standard deviation (SD). 

Nominal and ordinal data are presented in number and percentage (%) and Fisher’s 

exact test was used to compare patient groups.    
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 The first indicator (Table 9) - histological size of the tumor, shows an average 

value of 1.20 ± 0.44 cm in the SR group and 1.14 ± 0.38 cm in the IOU group, 

without significant difference, p = 0.619. There was no significant difference be-

tween the groups in the presence of malignant and benign tumors, p = 0.769. Ma-

lignancies were found in 37 patients, 19 (68%) in the SR group and 18 (72%) in the 

IOU group. Respectively, 9 (32%) of the patients in the SR group and 7 (28%) in 

the IOU group were diagnosed with a benign tumor. In 35 of the patients with ma-

lignant tumors, the resection margins were negative. Exceptions are two cases in 

the SR group in which positive resection margins were found (7.2%), as already 

described in the previous section. 

15 histological types were identified in the examined patients, among which 

invasive ductal and residual invasive make up 60% in both groups: invasive ductal 

type - 29% of the SR and 48% of the IOU group; the residual invasive type - 29% 

of the SR and 12% of the IOU group. The remaining histological types are found in 

a small number of patients or are completely absent in one of the two groups (Fig-

ure 38). In situ carcinoma was found In four patients - two in the SR group and two 

in the IOU group. 

 In malignant tumors (PT), the T1c stage tumor (size> 1 and 2 cm) predomi-

nated, found in a total of 22 patients - 10 (53%) in the SR group and 12 (67%) in 

the IOU group. Stage T1b (between 0.5 and 1 cm) was found in a total of 13 patients 

- 8 (42%) in the SR group and 5 (28%) in the IOU group. Stage T2 (> 2 to 5 cm) 

was found in one patient in the SR group (5%) and stage T0 in one patient in the 

IOU group (5%), who achieved a complete pathological response as a result of 

preoperative treatment with neoadjuvant chemotherapy. In the 12 patients treated 

with neoadjuvant chemotherapy, 5 cases with stage T1b (0.5 to 1 cm), 6 cases with 

stage T1c (> 1 and 2 cm) and the patient with stage T0 with a complete pathological 

response were identified (Figure 39). 
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Table 9. Pathoanatomical indicators 

Indicator  Groups  
       p Sector  

resection 
 (n = 28) 

Intraoprative 
ultrasound 
(n = 25) 

Histological size  (cm) 
o    X̅  (±SD) 

 
1.20 (±0.44) 

 
1.14 (±0.38) 

 
 0.619t 

Histological type (Number, %)     
o Malignant  19 (68%) 18 (72%)  

0.769f o Benign 9 (32%) 7 (28%) 
Histological type (number, %)    
o Invasive ductal 8 (29.00%) 12 (48.00%) 0.168f 
o Residual invasive 8 (29.00%) 3 (12.00%) 0.183 
o Intracanalicular 4 (14.00%) 0 (0.00%) 0.113f 
o Fibrodamenoma 3 (10.50%) 1 (4.00%) 0.613f 
o Mucinous carcinoma  2 (7.00%) 0 (0.00%) 0.492 
o Invasive cribriform 1 (3.50%) 0 (0.00%) 1.000f 
o Invasive lobular 0 (0.00%) 2 (8.00%) 1.000f 
o Benign cyst 0 (0.00%) 2 (8.00%) 0.218 
o Complex fibroadenoma 0 (0.00%) 1 (4.00%) 1.000f 
o Leiomyoma 0 (0.00%) 1 (4.00%) 1.000f 
o Pericanalicular 1 (3.50%) 0 (0.00%) 1.000f 
o Mixed fibroadenoma 0 (0.00%) 1 (4.00%) 1.000f 
o Intramammary lymph node 1 (3.50%) 0 (0.00%) 1.000f 
o Adenosis  0 (0.00%) 1 (4.00%) 1.000f 
o Therapy associated fibrosis 0 (0.00%) 1 (4.00%) 1.000f 

In situ    
o Yes 
o No  

2 (0.70%%) 
26 (89.50% 

2 (0.80%) 
23 (89%) 

 
1.000f 

Stage (PT)  (number, %) n = 19 n = 18  
o  Т0 (complete pathological response) 0 (0.00%) 1 (5.00%) 1.000f 
o Т1b (0.5 to 1сm) 8(42.00%) 5 (28.00%) 0.495f 
o T1c (> 1 to 2 сm) 10 (53.00%) 12 (67.00%) 0.508f 
o Т2 (> 2 to 5 сm) 1 (5.00%) 0 (0.00) 1.000f 

Degree of differentiation (number, %) n = 19 n = 18  
o G1 ‒ Well differentiated 1 (5.00%) 3 (17.00%) 0.340f 
o G2 ‒ Moderately differentiated 14 (74.00%) 9 (50.00%) 0.184f 
o G3 ‒ Poorly differentiated 4  (21.00%) 6 (33.00%) 1.000f 

Sum of resection margins n = 28 n = 25  
o Negative 26 (92.8%) 25 (100%) 0.250 

0.486 o Positive 
Carcinoma resection margins 
o Negative 
o Positive 

2 (7.2%) 
n = 19 
17 (90%) 
2 (10%) 

0 (0%) 
n =  18 
18 (100%) 
0 (0%) 

Nearest tumor-free resection margin 
(сm)  

 
 

 
 

 
 

o X̅  (±SD) 0.69 (±0.48) 0.33 (±0.18) 0.001**t 
Farthest tumor-free resection margin 
(сm) 

 
 

  

o X̅  (±SD) 2.91 (±1.22) 2.08 (±1.01) 0.011* t 

X̅ ‒ Arithmetic mean; t ‒ t-test for independent samples;  

f – Fisher’s exact test; na – not suitable for statistical comparison; p > 0.001 
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Figure 38 illustrates the identified histological types in the two patient 

groups, among which the most common were the invasive ductal, residual invasive 

and intracanalicular type. Other histological types were found in a small number of 

patients.  

 

Figure 38.  Histological types by patient groups 

 The distribution by stage of malignant tumors (PT) is illustrated in Figure 39. 

As mentioned above, no significant differences between the two patient groups were 

found (p> 0.05), with stage T1c (panel A) predominating in both. Of the 12 patients 

treated with neoadjuvant chemotherapy prior to surgery, one achieved a complete 

pathological response and was categorized as T0, five were T1b and six were T1c 

(panel B). 
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Figure 39. Distribution by tumor size (PM) 

The degrees of differentiation found in the patients with malignancy included: 

G1 - well differentiated; G2 - moderately differentiated and G3 poorly differentiated 

mammary gland tumor. Overall, grade G2 moderately differentiated tumor was the 

most frequent among the studied groups of patients. It was found in 62% of all 

patients, 74% of the SR group and 50% of the IOU group. The second most com-

mon was the poorly differentiated tumor (G3), which was diagnosed in 27% of all 

patients, in 21% of the SR group, and in 33% of the IOU group. The well differenti-

ated tumor (G1) was of the lowest incidence, observed in 11% of all patients, in 5% 

of the SR group, and 17% of the IOU group. The observed differences between the 

two groups did not show statistical significance (p > 0.05) (Figure 40).  
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Figure 40. Distribution of the patients with malignant tumors according to the degrees 

of differentiation  

Negative resection margins were found in 96% (n = 21) of patients in both 

groups. In the SR group there were two cases (7.2%) with positive resection mar-

gins, in one of which infiltration of ductal carcinoma into a lateral resection margin 

was detected and re-excision was performed. In the second case, a focus from the 

ductal in situ type 1 mm from the resection edge of the lateral resection margin was 

found and a secondary re-excision had to be performed. Both cases were diag-

nosed with a malignant tumor: the first - with residual invasive ductal carcinoma 

stage T1b, the second - with invasive ductal carcinoma stage T1c. 

Considering only the resection margins of malignant tumors in the SR group, 

it was found that they constituted 10.53% of them. 

The distance to the nearest tumor-free resection margin had a higher value 

in the SR group (0.69 ± 0.48 cm) than the distance in the IOU group (0.33 ± 0.18 

cm), with a significant difference of 0.36 cm, p = 0.001. The distance to the farthest 

tumor-free resection line also showed a significant difference between the groups, 

with a higher value in the SR group (2.91 ± 1.22 cm) compared to the IOU group 

(2.08 ± 1.01 cm), with a significant difference of 0.83 cm, p = 0.011 (Figure 41). 
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Figure 41. Distance to the nearest (panel A) and farthest (panel B) tumor-free 

resection line 

The distribution of the nearest tumor-free resection margins according to their lo-

cation is presented in Table 10. In both patient groups, the nearest tumor-free mar-

gin is most often localized towards the chest wall, while in the IOU group the relative 

share of margins with such localization is 18% higher: IOU - 43%; SR -25%. 

Table 10. Distribution of the nearest tumor-free resection margins according to their 

location 

Nearest tumor-free resec-

tion margin 

Group 

SR IOU 

o Towards the chest wall  8 (25.00%) 12 (43.00%) 

o Towards the skin  5(15.50%) 3 (10.75%) 

o caudally 4 (12.50%) 4 (14.00%) 

o cranially 4 (12.50%) 3(10.75%) 

o medially 6 (19.00%)  3 (10.75%) 

o laterally 5 (15.50%)  3 (10.75%) 

Total number of margins 32 (100%) 28 (100%) 
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The distribution of the farthest tumor-free resection margins according to 

their localization shows two localizations, as the most common in both groups: me-

dial (24% SR and 41% IOU) and lateral (32% SR and 28% IOU). The remaining 

localizations are in single patients, without a definite tendency (Table 11).  

 

Table 11. Distribution of the farthest tumor-free resection margins according to their 

location 

The values of the optimal resection volume (ORV), the total resection volume 

(TRV) and the calculated resection ratio (CRR) in the SR and IOU group did not 

show a normal distribution (Kolmogorow-Smirnov, p> 0.05 for all values). For 

greater reliability, together with the mean and standard deviation, we have pre-

sented the medians and interquartile range. The Mann-Whitney U test was per-

formed for comparative analysis between the two patient groups (Table 12). The 

optimal resection volume (ORV) showed a higher mean value in the SR group (6.87 

± 3.94 cm3) compared to the IOU group (5.60 ± 2.34 cm3), with a difference of 1.27 

cm3, without statistical significance (p = 0.398). The medians of ORV had the same 

value of 5.58 cm3 in both groups.  

The other two values showed significant differences between the two groups. 

In the SR group, the total resection volume (TRV) showed ≈ 3 times (exactly 2.8) 

higher mean (59.43 ± 79.65 cm3) compared to the IOU group (21.10 ± 14.15 cm3), 

with a significant difference of 38.33 cm3 (p = 0.002 ). The calculated resection 

ratio (CRR) also showed ≈ 4 times (exactly 3.8 times) higher value in the SR group 

(14.75 ± 36.63) compared to 3.86 ± 2.24 in IOU patients (p = 0.013) (Images 7 ‒ 

11). 

 

 

 

 

Farthest tumor-free resec-

tion margin 

Group 

SR IOU 

o towards the chest wall  1 (3.00%) 1 (3.00%) 

o caudally 6 (17.50%) 2 (7.00%) 

o cranially 6 (17.50%) 4 (14.00%) 

o medially 8 (24.00%) 12 (41.00%) 

o laterally 11 (32.00%) 8 (28.00%) 

o towards the skin 2 (6.00%) 2 (7.00%) 

Total number of margins  34 (100%) 29 (100%) 
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Table 12. Values of ORV, TRV and CRR in SR and IOU patients  

Value Group  

p SR IOU 

ORV сm3  

o X̅±SD 

o Median (IQR) 

 

6.87±3.94 

5.58 (6.72) 

 

5.60±2.34 

5.58 (4.84) 

 

0.398 

TRV сm3  

o X̅±SD 

o Median (IQR) 

 

59.43±79.65 

36.65 (43.60) 

 

21.10±14.15 

18.85 (24.61) 

 

 

0.002** 

CRR   

o X̅±SD 

o Median (IQR) 

 

14.75±36.63 

5.07 (8.74) 

 

3.86±2.24 

4.09 (4.13) 

 

 

0.013* 

 

X̅ ‒ mean; IRQ ‒ interquartile range;  * ‒ Statistical significance at p < 0.05; ** - Statistical 

significance at p < 0.01 
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Image 7 and 8. Surgical wound and excised mass after excision of non-palpable re-

sidual invasive ductal carcinoma with dimensions 1.3 - 0.9 cm under ultrasound control 

 

 

Image 9. I ‒ mammary gland re-

sected tissue with invasive duc-

tal carcinoma 1.6 cm in size from 

the SR group; 

II – resected mammary tissue 

with residual invasive ductal car-

cinoma measuring 1.3 - 0.9 cm 

from the IOU group 

 

Image 10. I ‒ resected mammary tissue with invasive ductal carcinoma of the SR group 

.  

Image 11. II – resected mammary tissue with residual invasive ductal carcinoma meas-

uring 1.3 - 0.9 cm from the group of IOU patients 

Figure 42 shows the distribution of TRV (panel A) and CRR (panel B) val-

ues. The difference between the two patient groups can be seen: in the IOU group, 

the individual values are located in a narrow range in the lower part of the scale 
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(abscissa). For comparison, in the SR group the values cover a wide range on the 

whole scale. 

 

Figure 42. Distribution of the individual values of TRV (panel A) and CRR (panel B) 

in the SR and IOU groups 

5.2.4 Molecular subtypes in patients with malignant tumors 

The molecular subtypes in the 37 patients with malignant tumor of the mam-

mary gland, of which 19 in the SR group and 18 in the IOU group, are summarized 

in Table 14. Luminal A subtype was found in a total of 14 patients (38%), with an 

equal number in both groups: seven in SR (38%) and seven in IOU (40%). Luminal 

B I subtype occurs in a total of 15 patients (40.50%), six (32.00%) in the SR group 

and nine (50.00%) in the IOU group. A total of five patients (13.50%) were classified 

with luminal B II subtype, of which four (21%) were in the SR group and one (5.00%) 

in the IOU group. The HER2 + subtype was observed in one patient from the SR 

group. A total of two patients were triple negative, one in the SR and one in the IOU 

group. In general, the two groups did not differ significantly in the distribution of 

patients according to the molecular subtype of the malignant tumor (p = 0.228). 
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Table 14. The results of immunohistochemical data analysis of patients with malignant 

mammary gland tumor 

Molecular subtype 

         

Total 

 

(n = 37) 

Group p 

Sector  
resection 
 (n = 19) 

Intraoperative 
ultrasound 
(n = 18) 

Number ( %)     

      

      
0.228 

o Luminal А 14 (38.00%) 7 (37.00%) 7 (40.00%) 

o Luminal B I 15 (40.50%) 6 (32.00%) 9 (50.00%) 

o Luminal B II 5 (13.50%) 4 (21.00%) 1 (5.00%) 

o HER2+ 1 (2.50%) 1 (5.00%) 0 (0.00%) 

o Triple negative 2 (5.50%) 1 (5.00%) 1 (5.00%) 

The distribution of the patients with malignant mammary gland tumor by mo-

lecular subtype is summarized in Figure 43. The luminal A subtype and the luminal 

B I subtype were the most common subtypes among the 37 patients as well as for 

both groups (SR and IOU).   

 

Figure 43. Distribution of the patients with malignant mammary tumors according to 

molecular subtype 
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5.3 Objective three 

 

To create an original phantom, allowing the operation to be performed in a 

simulation environment. 

We have set several criteria that the resulting phantom must meet: 

1. It had to be suitable in shape and size close to those of a woman's breast. 

2. It had to have good ultrasound penetration. 

3. The “tumor formations” set had to be clearly distinguishable from the sur-

rounding tissue.  

4. The resulting texture of the model had to allow for: 

- puncture; 

- incision; 

- excision; 

- retraction; 

- intratissue ultrasound control; 

5. It must not allow visualization of tumor formations. 

6. It must not allow palpation of tumor formations. 

7. It had to be easy to fabricate. 

8. It had to be convenient to store. 

9. It had to be convenient to transport. 

10. It had to be affordable. 

 

5.3.1 Model 

The reason for the design of our chosen model was the need for a sufficiently 

large area of "parenchyma" in all quadrants and appropriate proportions, allowing 

the same depth when performing the operation (Image 12). 

Its creation was carried out under the expert guidance of the famous Bulgar-

ian sculptor Danko Dankov, who is also a former teacher at the National Art High 

School "Tsanko Lavrenov" in Plovdiv. 

 



- 59 - 

 

Image 12. Clay model of a breast 

5.3.2 Matrix 

The choice of a suitable material was related to the need for a substance 

that is easy to work with, has no need for additional vacuum degassing and has a 

low viscosity, allowing detailed recreation of the model. 

The work with the materials for the production of the matrix mentioned in the 

chapter “Materials and methods” was carried out in strict compliance with the rec-

ommendations and safety rules of the manufacturer. 

The initial attempt to create the matrix was unsuccessful due to the rapid 

reaction when mixing the two components. 

The resulting matrix met the necessary criteria that we had set, namely: to 

be heat-resistant, strong, color-resistant, and transportable, and allowing multiple 

reproductions (Image 13). 

 

Image13. Urethane resin matrix  

 

5.3.3 Phantom 

Work on the phantom began with the use of a smaller experimental matrix, 

with the aim of finding the right proportion and type of materials. 

At the beginning, an experiment was made with the use of gelatin and water 

only, where the obtained object had poor ultrasound penetration and was extremely 
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fragile during manipulation. (Images. 14, 15, 16). 

 

Images 14 and 15. Experimental phantom 

 

 

Image 16. Ultrasound penetration of the experimental phantom 

 

A subsequent experiment was performed by adding pharmacopoeial glycerin 

to the mixture, and the result was more stable in texture but completely anechoic. 

(Image 17). 

 

Image 17. Experimental phantom with anechoic ultrasound structure 

Psyllium (Desert Indianwheat) was added to the above mixture and then the 

desired heteroechoic ultrasound structure of the contents was obtained. (Image 
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18). 

 

Image 18. Experimental phantom and its ultrasound structure 

A transparent version of the desired phantom was developed and its ultra-

sonic penetration properties and operational techniques were re-examined. (Image 

19). 

 

Image 19. Transparent version of the phantom of a woman's breast 

Added grains from different plants simulated the presence of various ultrasound-

positive tumors, mimicking carcinomas and complex cysts with the presence of mi-

crocalcifications (Image 20). 

 

Image 20. Phantom "tumors" 
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In order to simulate the image of a non-palpable tumor formation, it was nec-

essary to change the obtained transparent phantom effect. For this purpose, tita-

nium dioxide TiO2 was used, until a saturated white color was obtained, which was 

subsequently changed to a flesh-like color by adding a dye. 

In order to achieve an appearance close to the one of a real woman’s breast, 

several attempts were made to recreate the nipple-areolar complex and mate it with 

the latter. (Image 21). 

 

Image21. Unsatisfactory phantom appearance 

After repeated experiments, the objective was completed, and the created phantom 

meets all the pre-set requirements. (Image 22). 

 

 

 

Image 22. Final result - phantom of female breast, allowing excision of non-palpa-

ble tumor formations under ultrasound control 
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VI. Discussion 

6.1 Objective one 

According to data from the National Statistical Institute for 2019, the popula-

tion in the regions analyzed by us was as follows: Plovdiv - 666,801, Pazardzhik - 

255,479 and Smolyan - 103,532 people. The total population was approximately 1 

million people (995,812).  

Analyzing the information received from the Cancer Registry of COC in Plov-

div, we found that the total number of new cases of oncologic diseases for the three 

areas described above showed values of over 5,000 people per year, with little 

variability. 

Throughout the period, without exception, the relative share of men re-

mained significantly higher than that of women (over 50%).  

The highest number of cases of malignant mammary gland disease (≈ be-

tween 52 to 66 per 100,000 people) is observed in the Plovdiv region. There was 

also a tendency of increase in the number of cases in the last two years, in contrast 

to the regions of Pazardzhik and Smolyan, where there was a slight decrease.  

• For women in the region of Plovdiv the cases varied between ≈ 100 and 

125 per 100,000 women. 

• For women in the regopn of Pazardzhik the cases varied between ≈ 72 

to 100 per 100,000 women. 

• For women in the region of Smolyan the cases varied between ≈ 72 to 92 

per 100,000 women. 

For men, the cases are between 0 and 2.5 per 100,000 men, with the lowest 

number in the Smolyan region. 

The reasons for the described decrease in the number cases in the regions 

of Pazardzhik and Smolyan and the increase in Plovdiv may be multiple. One pos-

sible explanation for this is the increase in the relative share of internal migration to 

larger regions and cities.  

The age distribution showed that the incidence of mammary gland carcinoma 

in patients aged 61 to 80 years was the highest (45‒50%), followed by the groups 

of 46-60 year-olds (30-34%), 31-45 year-olds (11-15 %), over 80 year-olds (6 - 

10%) and had the lowest incidence in women under 30 (1 - 7%). The results corre-

lated with those described in the literature.  

In total for the three regions during the ten-year period the cases with malig-

nant tumors located in the upper outer quadrant had the highest relative share (≈ 

between 42 and 50%) and the lowest (between 0 and 0.40%) was for those with 

mammary gland carcinoma in the axillary tail quadrant (C50.6). One of the reasons 
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why the latter was registered so rarely is the probability that the latter is perceived 

as an upper outer quadrant. 

According to the derived data, the widest range of morphological types (n = 

27)  is observed in the region of Plovdiv; followed by the region of Pazardzhik (n = 

19) and the Smolyan region (n = 11), which is in connection with the higher fre-

quency of cases. 

Invasive ductal carcinoma was the most common morphological type in the 

three regions of Plovdiv, Pazardzhik and Smolyan. Lobular carcinoma came sec-

ond, even though it was markedly less common.  

The largest relative share throughout the ten-year period was represented 

by cases of moderately differentiated carcinoma - G2 (between 44 and 67%), re-

gardless of age group. 

The cases of poorly differentiated G3 cancer follow: between 15 and 35%, 

and were most common in patients under 30 years of age. The highly differentiated 

type (G1) was observed in - 4 to 16%. 

The undifferentiated carcinoma G4, least common in all age groups, was not 

registered at all in the two youngest age groups and occurred in less than 1% in 

other age groups. 

The highest relative share was for the cases with stage II breast carcinoma 

(34 - 44%), followed by stage I (26 - 34%), and patients with stage III, and ac-

counted for between 17 and 25% of cases as shown by distribution in terms of 

stage. 

Patients with stage IV between 6 to 11%, who for the most part were over 80 

years represented the lowest relative share.  

The average mortality for the 10-year period had similar values in the three 

regions, the lowest being in the Plovdiv region (0.039 ‰), followed by the regions 

of Smolyan (0.040 ‰) and Pazardzhik (0.042 ‰). 

6.2 Objective two 

Choosing the prospective and randomized research (PRR) for the implemen-

tation of the second objective 

 of the thesis is not unintentional. Today, this type of research is the gold 

standard in proving the effectiveness of a specific treatment.  

The purpose of such studies is to show the advantages, disadvantages or 

lack thereof in the use of a particular, new agent, as well as to identify potential 

patients in whom it would have an effect.  

6.2.1 Period distribution of patients 

The distribution of the patients included in the study in relation to the time of 

the surgery could be related to the outbreak of the COVID-19 pandemic in Bulgaria. 

As can be seen in Figure 29, the number of patients registered in the most severe 

months of morbidity and mortality of this type of coronavirus in Bulgaria (December 

2020 - May 2021) was the lowest.6 We attribute this fact to the great stress and fear 

to which the Bulgarian population was subjected during the encounter with the vi-

rus. The already poor prevention, mainly due to the lack of an organized screening 
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program and relying solely on the recommendations of general practitioners and 

the personal responsibility of the female part of society, was completely destroyed 

with the onset of the pandemic. In 2020, Kaufman published an article analyzing 

the impact of the latter on the incidence of six oncologic diseases (colorectal carci-

noma, carcinoma of the lung, breast, esophagus, pancreas, and stomach) in the 

United States on a weekly basis in two periods - before and during the COVID-19 

pandemic. The results showed that the weekly number of newly diagnosed breast 

cancer patients alone fell from 2,208 to 1,064 patients, or by 51.8%. In total, the 

frequency of identification of the six cancers decreased by 46.4% (from 4310 to 

2310). The National Cancer Registry of the Netherlands presented a weekly de-

crease of about 40% in new cases, while in the UK there was a 75% decrease in 

suspected cases of malignancies after the application of pandemic restrictions.  

6.2.2 General characteristics of patients 

The mean age of the patients in the two groups (n = 53) we worked with 

ranged between 32 and 82 years with a median of 63 years in the SR group and 

62 in the IOU group. The majority of patients with malignant diseases were over 60 

years of age, which corresponds to the data in the literature on the higher incidence 

of such diseases - 1 in 23 at the age of 60 - 69 and 1 in 15 - over 70 years of age. 

. The body mass index also showed similar values in the normal range (18.5 to 

24.9) in the two groups of patients and had no effect on the results obtained.  

There was no significant statistical difference in the distribution of concomi-

tant diseases, among which arterial hypertension, angina pectoris, cerebrovascular 

disease, non-insulin-dependent diabetes mellitus and others predominated.  

In the majority of all patients that part took the research, the non-palpable 

lesion was located mainly in the left mammary gland and specifically in the upper 

outer quadrant. Literature sources show that this quadrant is mainly affected, prob-

ably due to the presence of a larger amount of glandular parenchyma in it.  

A significant difference (p = 0.010) was also detected by comparing the ultra-

sound / mammography size of the lesions from the two groups of patients, which 

should be taken into account when discussing both operative time and postoperative 

pathoanatomical results (ORV,TRV,CRR). The size of tumors from the group of pa-

tients operated only by sector resection was 1.61 ± 0.77 cm, and 1.16 ± 0.33 cm in 

those with additional IOU -. Given the small size of this type of non-palpable lesions, 

a difference of 0.45 cm is significant, which is equal to 38.79% of the average size of 

tumors of the IOU group. Such small tumors are respectively more difficult to localize, 

and the desired lower CRR is more difficult to be achieved (sparing of more intact 

tissue) due to uncertainty of missing a tumor formation, or compromising resection 

margins. 

The average size of non-palpable lesions obtained from imaging studies cor-

responds to the results in the literature.  

Our study demonstrated a clear association between the level of suspected 

malignancy under the BI-RADs classification and the histological type of tumor for-
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mations. A 100% match was achieved between the type of lesion and the preoper-

atively defined level of suspicion in the described system where 3 is probably be-

nign (risk <2% for malignancy) and those with 5 - highly suggestive of malignancy 

(> 95% risk for malignancy). Most patients were categorized as "suspicious of being 

malignant" (BI-RADS 4), with a probability of malignancy ranging between 2 and 

94%. In the present study, it was not possible to examine an adequate association 

between patients with BI-RADs 4 and their final histological variant due to the wide 

percentage range of probability and lack of information on the relevant subtypes of 

the classification 4a (2 ‒ 9%), 4b (10 ‒ 49%) and 4c (50 ‒ 94%). 

6.2.3 Surgical results 

The majority (75.68%) of carcinoma patients in both groups underwent core 

needle biopsy under ultrasound control for typing before organ-sparing surgery 

without significant difference between the groups (p = 0.785). The remaining 9 

(24.32%) underwent primary sector resection (excisional biopsy), due to either 

technical inability to perform a core needle biopsy or individual patient wishes. 

Of all patients with histologically verified mammary gland carcinoma, a total 

of 12 (32.43%) patients were referred by the Oncology Committee and received 

treatment with neoadjuvant chemotherapy. Of these, 8 (66.67%) were operated 

with SR and 4 (33.33%) with IOU, with no significant difference in the relative share 

between groups (p = 0.359), which allowed us to analyze them together with all 

other cases. 

We found 100% frequency of identification of each of the tumor formations 

included in the study. Our results correlate with those obtained (95.7‒100%) by 

different teams using intraoperative ultrasound in non-palpable lesions.  

The total duration of operative interventions in the two groups showed statis-

tically significant differences. For SR, the operating time differed by 9 minutes in 

favor of IOU - 17.68 (± 5.72), while for SR it was 23.64 (± 5.05) minutes. The median 

determining the central trend demonstrated the fact that, regardless of the addi-

tional method used for intraoperative diagnosis, this type of surgical intervention 

was on average 9 minutes shorter. We had additionally distinguished the two 

stages of the operation in order to be able to analyze in more detail what the reason 

for the described deviation was. There was no statistically significant difference in 

resection time between the two groups, although it was slightly higher in the IOU 

group (median 10 min) than in SR (median 7 min). The duration of the constructive 

stage of the operation - suturing, became the basis for this difference. It was 2.2 

times shorter in the IOU group (median 7 minutes) compared to the SR group (me-

dian 15.40 minutes). Based on the conducted research, we believe that the shorter 

resection time was due, first of all, to the significantly smaller volume of excised 

intact tissue (TRV and CRR), for the recovery of which, with less operative trauma, 

a shorter time is needed 

Secondly, the continuous sonographic control during the intervention en-

sures the high precision and confidence of the operator.  



- 67 - 

The average time (17.68 min) for performing ultrasound-guided organ-pre-

serving breast surgery, as we found, is many times shorter than described in the 

literature: 40.58 - 66 min.  

It is important to note that the need for anesthetics was proportional to the 

operative time, which affects, firstly, the health status of elderly patients with sys-

temic comorbidities, and secondly - the cost of treatment. 

In addition, we found a positive trend related to the gaining of practical expe-

rience and the time required for performing the operation. Since the beginning of 

the study, there has been a reduction of the operative time by 30% without a change 

in oncological accuracy in the excision of malignant tumors. 

In one of the patients (3.6%) operated only by the SR method, compro-

mised resection margins of invasive ductal carcinoma were found on the frozen 

section tissue examination and a concurrent re-excision was performed, which 

further negatively affected both the operative time and the volume of removed in-

tact glandular tissue. 

Secondary re-excision was also required in one patient (3.6%) in the SR group, 

for whom a focus on ductal in situ carcinoma 0.1 cm from the resection margin 

was established on histological examination. In the group in which the method of 

intraoperative ultrasound was applied, no repeated operative interventions were 

performed. 

The performed ex vivo ultrasound examination of the excised specimen was 

a useful additional method for verification of the results of the performed operation. 

6.2.4 Pathoanatomical results 

The established pathoanatomical sizes of the tumor formations in the two 

groups of patients did not show a statistically significant difference (p = 0.619) de-

spite the slightly higher values in the group with SR (1.20 ± 0.44 cm) compared to 

the IOU group (1.14±0.38 см).  

Malignancies were found in the majority - 71% (n = 37), of all patients, of 

which 68% - in the group with SR, and 72% - in the IOU group. Tumors of pT1c 

stage predominated, followed by pT1b and pT2. We noted a single case of ypT0, 

in a patient who underwent neoadjuvant chemotherapy for luminal B, HER2 (+) 

positive breast cancer received a complete pathological response and the presence 

of therapeutically-associated fibrosis measuring 1.3 - 1.2 cm.  

After a review in the scientific database it is established that the size of non-

palpable tumor formations included in the dissertation, fully corresponds and even 

falls into the low values of the range found in the literature: 1.1 - 1.8 cm. 

A total of 15 histological types were identified in the studied patients, among 

which the invasive ductal and its respective residual variant accounted for approx-

imately 60% in both groups. Ductal in situ carcinoma was detected in an equal 

number of patients (n = 2) in both groups of patients. 

The study groups were dominated by patients with established G2 - moder-

ately differentiated mammary gland carcinoma (62% SR and 74% IOU). 

Of all patients (n = 52) meeting the criteria for inclusion in the study, 96.33% 

had clear resection margins. Our analysis showed that in 100% of patients in the 
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group in which intraoperative ultrasound was performed, uncompromised resection 

margins were found. The only two cases (3.77%) are in the SR group. Due to the 

presence of a combination of benign and malignant diseases in both groups, we 

will present their percentage distribution only for malignant lesions. Of all (n = 19) 

malignant non-palpable tumor formations, there were two (10.53%) in which com-

promised resection margins were found.  

One patient underwent a concurrent re-excision after receiving the result of 

the frozen section study (infiltration of invasive ductal carcinoma), and the other 

had to undergo a secondary re-excision due to a focus of ductal in situ carcinoma 

0.1 cm from the resection margin.  

According to the retrospective analysis of Kaczmarski and team based on 

291,065 organ-sparing operations performed by a total of 5,337 surgeons, the fre-

quency of re-excisions for the period 2012-2017 was 19% (55,312 out of 291065). 

The authors divided the time range into two periods: before the introduction of the 

consensus recommendations of the Society of Surgical Oncology (SSO / American 

Society of Radiation Oncology) in 2014 and after. Kaczmarski's results show that the 

frequency of re-excisions before 2014 was on average 22.1%, and after the adoption 

of the recommendations - 17.2%.  

Limiting factors for the study are that it does not include tumor characteristics 

such as type, tumor size and possibility of palpation. However, the results we pre-

sent are better in both the IOU group (0%) and the SR group (7.14%). Based on 

the systematic analysis of Colakovic and team, which clearly shows the advantages 

of intraoperative ultrasound over the method of Guide-wire, we will compare our 

results with those they describe in their study (Table 15). 

 

Table 15. Colakovic et al. World Journal of Surgical Oncology (2018) 16:184 

https://doi.org/10.1186/s12957-018-1488-1  

Negative resection lines and frequency of re-excision in non-palpable tumor formations using in-
traoperative ultrasound 

Автор Type of the study n=patients n=operations n=negative  
resection margins 

n=re-excisions 

Rahusen prosp 19 20 17(89%) nd 

Snider retro 22 22 18(82%) nd 

Harlow retro 62 65 63(97%) 3(4.80%) 

Smith retro 81 81 24/25mg (96%) nd 

Rahusen 2 prosp 27 27 24(89%) nd 

Kaufman prosp 100 101 90(90%) 9(9%) 

Gittleman retro 15 15 14(92%) 1(8%) 

Beneth prosp 103 115 39/42mg(93%) 3(7%) 
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Haid retro 299 299 242(81%) 57(19%) 

Potter  retro 32 32 28(88%) nd 

Ngo prosp 70 70 66(94%) 3(4%) 

Fortunato prosp 7 77 75(97%) 2(3%) 

Bouton retro 28 28 25(91%) 3(9%) 

Barentz prosp 120 120 112(93%) 15(13%) 

Ramos retro 225 225 216(96%) 9(4%) 

N ‒ number, nd ‒ no data, retro ‒ retrospective, prosp ‒ prospective 

 

Among the seventeen studies described, the incidence of negative resection 

margins in the excision of carcinomas by intraoperative ultrasound ranged from 81 

to 97%.   

The protocol in the Clinic of Surgery of the "Kaspela" University Hospital - 

Plovdiv and the Department of Oncological Surgery at COC - Plovdiv, states that 

in the presence of tumor cells on the resection margin / ink (frozen section and 

permanent histological examination) primary or secondary re-excision of the spe-

cific section must be performed. In this regard, such were not found in the IOU 

group and no further surgery was necessary (0%). 

The frequency of re-excisions in the removal of non-palpable tumor for-

mations under ultrasound control from the above studies varied between 3 – 19%. 

In both groups we studied, the closest tumor-free margin was most often 

toward the chest wall, but in the IOU group, the relative proportion of patients with 

such localization was higher - IOU 43%: SR 25%. 

After carefully analyzing this information, we determined the reason for this result. 

In the excision of the specific area, namely its end towards the pectoral fascia, the 

operator pulls the tissue in the vertical direction to place the transducer at the lowest 

point of the specimen. The goal is to make sure that the lesion remains proximal - 

above the area of the ultrasound wave. The latter results in tightening of the glan-

dular and adipose tissue, which, when excised, shrinks at both ends to opposite 

poles. This technique when using IOU is essential to maintain a greater amount of 

intact parenchyma. In the absence of navigation equipment, the practice often re-

quires the excision to be performed deep - to the chest wall. We found a statistically 

significant difference of 0.36 cm in the distance to the nearest resection margin in 

the SR group and 0.83 cm to the farthest margin compared to the group in which 

intraoperative ultrasound was applied. 

As mentioned in the “Materials and Methods” chapter, we adapted the 

method proposed for calculating the volume of excised tissue and the correspond-

ing calculated resection ratio by Krekel and team. Based on the mentioned recom-

mendations for the required distance from the tumor formation, we propose to that 

the optimal resection volume is calculated by adding not 1 cm but 0.5 cm to the 
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radius of the tumor.  After a thorough review of the literature sources from the avail-

able database, we did not find another team using our modification. 

The optimal resection volume (ORV) showed a higher mean value of 1.27 

cm3, but showed no statistically significant difference in the group of patients oper-

ated on without intraoperative ultrasound. We note that the larger size / volume of 

the tumor formation implies easier visualization, orientation and correspondingly 

better results. 

The total resection volume (TRV), on the other hand, showed approximately 

3 times lower values in the group operated with intraoperative ultrasound naviga-

tion, and the calculated resection ratio (CRR) - approximately 4 times lower value 

in the group with IOU. The statistically significant results obtained clearly confirm 

our hypothesis, namely that this method preserves a significantly larger amount 

(exactly 3.8 times) of healthy parenchyma.  

The histological type, the differences in the therapeutic response, as well as 

the discrepancies in the long-term survival of patients with breast cancer determine 

its heterogeneity. Following the immunohistochemical analysis, it was found that 

tumors of patients from both groups are classified by incidence, as follows: luminal 

A, followed by luminal B (HER2 -), luminal B (HER2 +), HER2 (+) and triple negative 

subtype. No significant difference in the distribution of the latter in the two groups 

was found, which will allow us to analyze these results in future research. 

6.3 Objective three 

After a thorough review of the scientific database, we found a number of 

papers describing the necessary materials and methods for making ultrasound-

positive simulators for fine-needle, core needle biopsy, placement of a fixation hook 

and aspiration of simple cysts.  

The objective we set ourselves was different. On the one hand, our desire 

was to adapt such a phantom by obtaining adequate ultrasonic penetration (heter-

ogeneous ultrasound structure), allowing for training of all the above manipulations. 

On the other hand - after achieving definitely better results from the application of 

intraoperative ultrasound in excision of non-palpable tumor formations - to offer a 

simulation model for training in this method. Based on the many experiments per-

formed, we gradually achieved the required consistency, allowing both tissue re-

traction and performing the simulation excision of the lesion under ultrasonic con-

trol. The product allows placement of the ultrasound probe in the "surgical wound" 

itself and manipulation in all necessary axes.  

We have not come across a simulator with similar qualities and combination 

of materials in the literature and therefore we present our finished product as an 

original one. Similar to the sources described above, relatively affordable materials 

were used. The presented structured methodology provided clear information re-

garding the steps required to create the phantom. 

Using the product we offer would help in building confidence in the operator, 

and it will provide safety for patients suffering from malignant diseases as well. 

We offer a clear and precise model in which the surgeon can obtain the so-
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called psychomotor "hand-eye" coordination, necessary for interventions with less 

volume and complexity, as well as for those in which the goal is to achieve 100% 

identification and 100% effective removal of this type of tumor formation without 

compromising resection lines, while preserving more intact tissue. We believe that 

with gaining the necessary experience related to the specifics of this intervention, 

the risk of missing the formation and the need for primary, secondary re-excision 

and even mastectomy will definitely decrease. Achieving the latter follows the 

preservation of the aesthetic shape of the female breast/s, which is important for 

the fairer sex and affects their psyche and quality of life, as described in the litera-

ture review. 
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VII. Conclusion 

 

The presented work is a set of randomized, prospective and experimental 

studies focused on the surgical treatment of non-palpable tumors, and in particular 

– mammary gland carcinoma. The tendencies related to the spread of breast ma-

lignancies in the three regions, object of the research, were analyzed in detail. The 

present study emphasizes the importance of personalized treatment for patients 

with non-palpable tumors, founded on evidence-based medicine. The results pre-

sented by both centers in connection with the application of intraoperative ultra-

sound showed significant advantages in the surgical treatment of this type of le-

sions. The methodology used demonstrated absolute efficiency and identification 

frequency when applying the method. Its implementation prevents the adverse 

events described in the literature from all other methods of intraoperative localiza-

tion - additional surgical interventions, radiation, expensive equipment and materi-

als, additional interventions in the placement of various radioactive and other mark-

ers associated with additional stress and risk to patients. The registered achieve-

ments of 100% negative resection lines, the preservation of a significantly larger 

amount of intact parenchymal tissue guarantees both oncological accuracy and 

less operative trauma for patients, reflecting both on the aesthetic outcome of the 

operation and on their quality of life. The developed original phantom provides an 

opportunity for training both in ultrasound-assisted biopsy examinations and in the 

surgical intervention - object of the thesis. The results of the conducted research 

outline many perspectives, both for improvements in the daily diagnostic and oper-

ative practice, and in the direction of patient safety and individual improvement of 

the procedure in a simulation environment. ...  
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VIII. Implications 

 

1. There is a tendency of increase of newly diagnosed cases of breast cancer in a 

large region in southern Bulgaria - Plovdiv and a reduction in its neighboring smaller 

regions (Smolyan and Pazardzhik) in recent years.  

2. During the ten-year period we analyzed, mammary gland carcinoma was most 

often diagnosed in the second stage, with the majority of affected women falling 

between 61 and 80 years of age. 

3. The diagnosis of patients with stage I breast cancer shows a positive upward 

trend, with a range of variability between 26% (2010) and 34% (2019). 

4. Intraoperative navigation in excision of non-palpable, ultrasound-positive tumor 

formations demonstrated excellent frequency of identification and effectiveness of 

application. 

5. The total time duration of excision of non-palpable tumor formations under ultra-

sound control is shortened, in parallel with the gaining of practical experience.  

6. Intraoperative ultrasound follow-up of the lesion in combination with optimal op-

erative access and precise surgical technique significantly reduce the risk of miss-

ing the tumor, compromising of resection margins and the need for re-operative 

intervention. 

7. The application of intraoperative ultrasound in the excision of non-palpable tumor 

formations ensures the preservation of more intact tissue, which inevitably reflects 

on the physiological and aesthetic result of the operation. 

8. The application of simulation training for the surgical removal of non-palpable 

tumor formations under ultrasound control could increase the procedural compe-

tence of the operator and proves as a useful method for improvement. 
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IX. Contributions 

 

9.1 Contributions of original nature 

1. A retrospective analysis was made, including epidemiological characteristics 

and a comprehensive assessment of patients with mammary gland carci-

noma in three regions over a period of 10 years. 

2. For the first time in Bulgaria the emphasis was placed on the surgical treat-

ment protocol of patients with non-palpable mammary gland tumors. 

3. The integrated application of intraoperative ultrasound in excision of non-

palpable tumor formations in Bulgaria was studied for the first time. 

4. A prospective multicenter study, which compared a standard protocol of sur-

gical treatment in this specific contingent of patients and the application of 

intraoperative ultrasound, was performed for the first time in Bulgaria. 

5. An original realistic model of a woman's breast was created for the first time, 

allowing the performance of both diagnostic interventions and excision of a 

non-palpable tumor under ultrasound control.  

6. A simulation-based approach was tested, including invasive diagnostic tests 

and surgical treatment of mammary gland carcinoma for the first time in Bul-

garia. 

 

9.2 Contributions of a confirmatory nature 

1. A detailed and systematic overview of the methods of intraoperative naviga-

tion, and in particular - of intraoperative ultrasound, in organ-preserving sur-

gery of non-palpable lesions of the mammary gland, which can be used in 

further research and practical specialization of surgeons with interest in the 

field was presented. 

2. The role, importance and advantages in the use of navigation methods and 

in particular intraoperative ultrasound in the surgical treatment of patients 

with non-palpable breast formations have been confirmed. 

3. The importance and necessity of simulation training was confirmed. 
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