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Foreword

This Book is devoted to RTM‑Diagnosis, a new method for the earlier detection of internal organ diseases. The method is based on measuring natural electromagnetic radiation from tissue at microwave frequencies.

The first paper discussing this problem was issued in 1979. Since then over 100 scientific works were published. However presently the method is not used widely in medicine practice, in spite that many authors have noted its great efficiency.

In 1996 RES, Ltd. developed its first model of a microwave radiometer and started clinical trials. Work in hospitals has discovered new problems of RTM-Diagnosis. The most part of radiometers described in the literature are just measuring devices allowing one to measure the internal temperature. However a doctor is interested not only in numerical temperature parameters, but in thermal activity of tissue. For this purpose a new generation radiometer is required.  The new generation computer-based radiometer includes means for imaging temperature fields, an expert system that helps a doctor to diagnose, friendly interface and other features.

RTM-Diagnosis is a rather universal method. It allows to detect various diseases of internal organs. Clinical trials conducted in almost 1000 patients at leader Russian oncological centers have shown that the breast cancer detective ability of microwave radiometry is 90%. Also trials have shown that RTM-Diagnosis allows to select patients with high epithelium proliferative activity, who may have breast cancer under unfavorable conditions.

At present RTM-01-RES radiometers are used at many leader oncological centers in Russia and other countries, so we can say that the new diagnostic method has been responded by medical community contentedly. Foreign specialists are greatly interested in RTM-Diagnosis. RTM-01 is installed in such countries as England, Slovenia, Germany, Australia.

In this book we  attempt to show our experience in this area and demonstrate to medical specialists efficiency of RTM-Diagnosis.

Sergey Vesnin

Director-General

RES, Ltd.

Introduction

At present there is not any manual on RTM-Diagnosis that can be used for training specialists. Our experience has shown that it is useful for trainees to read also clinical trial protocols and scientific works on using RTM-01-RES in medicine practice. So we are issuing this book that covers our experience in RTM-Diagnosis. The book includes works issued at different times during the whole development period, so we apologize for many repetitions. 

The book consists of four chapters. The First Chapter includes our publications from medical magazines. The Second Chapter includes lectures on RTM-Diagnosis Course, and the Third is guidelines for doctors. The Forth Chapter includes clinical trial protocols of RTM-01-RES and  testimonials.

The author of Foreword and Introduction is Ph.D. Vesnin S.G.. The lecture on Basis of Radiometry is written by Ph.D. Vaisblat A.V. The author of Lecture on RTM-Diagnosis Software is Konkin M.A..

Certainly the book does not cover all problems of microwave radiometry and first of all includes our experience in working with RTM-01-RES. For getting more information trainees may read the Thermal Diagnostic Methods lecture written by Vaisblat A.V. (Bauman State Moscow Technical University) and scientific papers represented in References.
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Chapter 1. Articles about microwave radiometry

Using microwave radiometry for detection of breast cancer

Vaisblat A.V., Vesnin S.G., Konkin M.A., Lashchenkov A.V., Tihomirova N.N.

This paper discusses the method and results of the clinical trials that have been conducted among over 1500 patients.

Introduction

Presently the earlier detection of breast cancer is one of the most important problems. In several countries this disease is the main course of women death.  In the United States one in every 9 women will experience breast cancer during her lifetime. 

Specialists say that early detection of breast cancer by the clinical method is later biologically. Screening once in 12-24 months is not enough to detect fast growing breast cancer. Note that patients with fast growing breast cancer is a quarter of all breast cancer patients. …So it is expedient to use screening in conjunction with other non-invasive investigative methods [1].

Microwave radiometry [2-5] is based on measuring the intensity of natural electromagnetic radiation from a patient’s tissue. This intensity is proportional to the temperature of tissue. The change in temperature (thermal abnormality), that is a basis of the earlier detection of breast cancer, may be caused by increased cancer cell metabolism.

It should be noted that thermal changes precede to the anatomical changes that can be detected by traditional methods such as ultrasonography, mammography and palpation. Thus microwave radiometry is a very promising method for the breast cancer detection at an earlier stage. Also it should be noted that as microwave radiometry measures natural electromagnetic radiation from the patient’s tissue, it is absolutely harmless and safe both to the patients and to the medical personnel. So the method can be used successfully for screening for the monitoring treatment.

The specific heat generation in the tumor is proportional to the grow rate of the tumor. So fast growing tumors are “hotter” and they are more contrast in thermograms [6]. Thus microwave radiometry is an unique method that allows to detect first of all fast growing tumors. Using microwave radiometry (RTM-Diagnosis) in conjunction with other tradition methods allows to select patients with fast growing tumors [9].

The important feature of microwave radiometry is that it can distinguish proliferative mastopathy and fibroadenoma from non-proliferative mastopathy and fibroadenoma. So the method can select patients who risk to have breast cancer.

The main distinguish of microwave radiometry from well known infrared thermography is that the second allows to read and display the skin temperature, when microwave radiometry informs about temperature at a depth of several centimeters.

The first work discussing the use of microwave radiometry for the breast cancer detection was published in 1977 [3]. This subject was further discussed in the literature [6, 8, 10, 11]. At the same time the method has not been used widely in medicine practice.

Diagnostic System

In 1997 RES, Ltd. under the All-Russian Research Institute of Radio Engineering developed the RTM-01-RES microwave computer-based radiometer. The system includes a microwave sensor to invasively measure the temperature of internal tissue and a non-contact infrared sensor to the measure skin temperature. Information about the skin temperature allows to obtain more reliable results.

An abnormality can be detected at a depth of 3-7 cm, the accuracy of measuring the internal temperature is (0.2 (C.

RTM-01 is a module null-radiometer with a sleeping scheme to compensate reflection between the object and the antenna. A wavelength of the radiometer is 26 cm. The scheme of the system is protected by the patent of the Russian Federation [7], and the device is approved to be used in medicine practice in Russia.

Radiation is received by a direct contact antenna that is set perpendicularly to the surface at the projection of the investigated organ. The device is safe, simple in operation and it has no regulators.

The main device specifications are the following:

Table 1
Items
Specifications

Thermal abnormality (i.e. a lower or higher temperature) is detected at a depth of, cm
3 ‑7 (depending on water content tissue type)

Accuracy of measuring the averaged internal temperature, when a temperature is 32 ‑ 38 (С, (С
( 0,2

Time required for measuring internal temperature at a point, seconds
10

Antenna diameter, mm
39

Accuracy of measuring the skin temperature, (С
( 0,2

Time required for measuring skin temperature at a point, when the temperature is 32 ‑ 38 (С, seconds
1

Device mass, kg 
4

Power supply
220 ( 22 Volt, 1 phase, 50‑60 Hz

Power consumption, Watt 
20

The RTM-01 microwave computer based radiometer is shown in Fig. 1. The system includes a personal computer and a printer. The device is connected to a PC through a serial port. Results of RTM-diagnosis are shown in the monitor of the computer or printed out as a thermogram and temperature field on the projection of a investigated organ. 

The advantage of the method is an expert computer system for the breast cancer detection. The expert system analyzes several parameters, including thermal asymmetry, dispersion of the temperature within the breast, etc.

[image: image40.png]


Materials and Methods of Studies 

The studies were held at Moscow oncological centers from December 1997 to September 1999. In total 1599 patients were examined. Some patients were examined several times, so 2154 examinations were performed.

According to CBE, mammography and histology the patients were divided into several disease groups (Table 2).

RTM-diagnosis is based on measuring the internal temperature and the skin temperature of breast. The procedure is made within 6-10 days of the menstrual cycle or on any day, if menopause. The patients lay on the back with their hands behind their head, in order to normalize the arrangement of the measured points and open axillary regions. Ten points on two breasts, including areola, centers of the quadrants, borders between the quadrants and axillary regions were measured. The measurement scheme is shown in Fig. 2. The skin temperature is measured by the same way.

Table 2
№ 
Disease
Number of patients

1.
Health
21

2.
Fibrocystitis mastopathy 
181

3.
Diffuse fibrocystitis mastopathy 
352

4.
Fibroadenoma
102

5
Node fibrocystitis mastopathy 
165

6.
Cyst
61

7.
Fibrous fat involution 
55

8.
Papilloma
32

9.
Mastitis
49

10.
Breast cancer
316

11.
The diagnosis of diseases is being exacted
77

12.
Other diseases
188


Total:
1599
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easurement scheme of the breast
In some works discussing microwave radiometry temperature data are displayed as a diagram, when the names of the measured points go along the horizontal axis and the internal temperature values are along the vertical axis (Fig. 3). 
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This method allows to analyze temperature differentials between corresponding points on the left and right breasts. However it is difficult to analyze the temperature at various locations on one entire breast by this method. Therefore temperature data are also displayed as a temperature field, which is used in infrared thermography In the temperature field each temperature value is displayed by its own color on the monitor (Fig. 4).

In the temperature field cold areas of the breast are displayed by  "cold" colours (i.e. blue) and hot ones are reflected by "warm" colours (red and pink).

Imaging thermal data as a internal temperature field show temperature abnormalities, that, in particularly, correspond to location of cancer. 
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Note that for medical personnel it is easier to analyse temperature data displayed as a thermogram or a temperature field than numerical values of the measured temperature.

Investigation Results
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Our investigations and results of other authors have shown that the internal temperature of women changes, as their age increases. Fig. 5 illustrates the average temperature of the nipple and axillary lymph nodes with respect to the age. The average temperature of the breast lowers as the age increases. 

Internal temperature depends on several factors. In particular, thin women with thyroid gland diseases have a higher internal temperature.

Fat women normally have a lower internal temperature. Increased dispersion is observed in women taking hormones, with fibrous-fat involution and during menstruation and ovulation.

Also lungs diseases may affect on the breast internal temperature. The measured internal temperature depends on the ambient temperature, so during examination an ambient temperature was 18-25 (C. Before the temperature reading procedure a patient should equilibrate to the ambient temperature. In order to exclude menstruation related changes in the internal temperature, the examinations were performed within 6 – 10 days of the menstrual cycle. 

It is known that the temperature of the malignant tumor is 1-4 degree higher than the temperature of the surrounding tissue. So the temperature measured at the projection point of the tumor is higher than the temperature at the corresponding point on the health breast (point thermal asymmetry). In the temperature field this higher temperature is imaged as a red or yellow spot. Fast growing tumors have a higher temperature than slow growing ones, so they are more contrast in the thermograms.

Besides point thermal asymmetry normally breast cancer is accompanied by the increased nipple temperature of the diseased breast. 75% of breast cancer patients have a nipple temperature that is 0,5 degree higher than a normal temperature. For patients with the large breast, breast cancer are not always accompanied by the increased nipple temperature (especially, if a tumor locates on the periphery). Also breast cancer is accompanied by the increased differential between corresponding points on the right and left breasts and between points on one entire breast.  

Different cancer types has different features that RTM-diagnosis detects. In particularly, ductal cancer is accompanied by the essentially increased nipple temperature (1,0 … 1,5(C) and a considerable thermal asymmetry (over 1(C) at one of points. Fig. 5 illustrates the internal temperature field of a patient who has ductal cancer of the left breast. In the temperature field a considerable thermal asymmetry and higher temperature of the entire left breast are reflected. This cancer type has exact RTM-features and there have not been mistakes in detecting it. 
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For comparison the temperature field of a health woman is shown in Fig. 6.
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Inflammatory cancer in contrast to ductal cancer is accompanied by the increase temperature at almost all points on the affected breast. Fig. 8 illustrates the temperature field of a patient with inflammatory cancer of the right breast.

RTM-features of inflammatory cancer are similar to RTM-features of acute mastitis. However the fact that the RTM‑diagnosis is harmless allows physicians to order conservative treatment if there are suspicions of acute mastitis and then repeat RTM‑diagnosis. This allows to compare results and analyse dynamics.

[image: image47.wmf]The measurement scheme

Fig. 9a and 9b show a patient’s internal temperature fields before and after conservative treatment. The second temperature field confirms that there is no cancer. 
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Fig. 9b demonstrates positive changes in internal temperature. (A fall in temperature is 2°C). Thermal asymmetry has been also reduced.
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Fat women usually have a lower average temperature than the average temperature corresponding to a specific age group and cancer is accompanied by significant thermal asymmetry (more than 1,00C) and the high nipple temperature (group 1 in table 3).

For women with higher breast temperature (group 3, table 3) breast cancer in 37% of patients is accompanied by inconsiderable thermal asymmetry (about 0,5(C). These patients are the most difficult cases for RTM-diagnosis.

Proliferative processes are accompanied by a local increase in the temperature, that is discussed below. So RTM-Diagnosis provides doctors with an unique ability to distinguish proliferative mastitis and fibroadenoma from non-proliferative mastitis and fibroadenoma. It is obvious that proliferative mastopathy is accompanied by less considerable thermal asymmetry than breast cancer, however exact parameters allowing to distinguish breast cancer from proliferative mastopathy and fibroadenoma have not been developed yet.

Computer Data Processing for Breast Cancer RTM-Diagnosis

Breast cancer is accompanied by different factors detected by RTM-Diagnosis. These factors depend on a patient’s age, breast structure, cancer type, ext. Besides, non-oncological diseases may be also accompanied by considerable thermal asymmetry. In particular, in 44% of patients with non-oncological breast diseases a thermal asymmetry exceeds 0.7(C. So it is important to distinguish breast cancer thermograms from non-oncological thermograms.

During investigations we analyzed a great number of thermograms and than selected six RTM-features of breast cancer. These parameters (RTM-features) were formalized.

An increased maximal nipple temperature in comparison with an average temperature of the breast. 
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1. An increased nipple temperature differential between right and left breasts 
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2. An increased maximal temperature differential between corresponding points on the left and right breasts 
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3. An increased standard deviation of the temperature at the corresponding points on the left and right breasts 
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4. An increased standard deviation of the temperature differentials at the corresponding points on the left and right breasts 
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5. An increased standard deviation  of the temperature dispersion in one entire breast 
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Computer diagnosis is based on the following principals. All thermograms of verified breast cancer are stored in a computer. Then the software compares a current thermogram with these thermograms of verified breast cancer and analyzes whether the current thermogram (the thermogram of the diagnosed patient) is similar to these cancer thermograms basing on the RTM‑features described above. These RTM-features were represented as numerical values.

Parameters of all patients having breast cancer are displayed as a 2‑D diagram (Fig. 10), where an average  temperature goes along horizontal axis. Each patient is represented by a point.
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The RTM‑features and their links are selected so as to points are compact in the diagram. This compact area is called a "risk area". changes in temperature, depending upon a patient age, was taken into consideration. If a patient’s parameters for all RTM‑features of breast cancer locate within the "risk area", this patient is similar to the cancer patients and the software, basing on processing results, gives a massage that the patient has breast cancer.

It should be noted that if a doctor diagnoses basing on only one parameter, a sensitivity for the method is 60-75%. If all RTM-features are considered the  sensitivity is over 90% and the specificity is more than 75%.

The numerical data for each parameter are represented in Table 3.
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3 group – women with higher temperature of the breast 
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Table 3

Average temperature, degree


1 parameter
2 parameter
3 parameter
4 parameter
5 parameter
6 parameter

1 group
cancer
0.86
0.98
1.35
0.52
0.69
0.63


not cancer
0.42
0.64
0.89
0.42
0.47
0.53


differential 
0.44
0.34
0.46
0.1
0.22
0.1

2 group
cancer
0.68
0.80
1.17
0.45
0.64
0.55


not cancer
0.15
0.43
0.67
0.31
0.36
0.41


differential 
0.53
0.37
0.5
0.14
0.28
0.14

3 group
cancer
0.34
0.75
1.01
0.40
0.56
0.43


not cancer
-0.10
0.36
0.53
0.25
0.28
0.31


differential 
0.44
0.39
0.48
0.15
0.28
0.07

The values of RTM-features lower as the average temperature increases. However a temperature differential between the cancer temperature and the normal temperature is almost constant. 

The clinical trial at the Oncology Heath Center of the Health Committee has shown that RTM‑Diagnosis can distinguish proliferative mastopathy and fibroadenoma from non-proliferative mastopathy and fibroadenoma. Therefore it can select patients who may get cancer under unfavorable conditions. These patients should have a complex examination at specialised health centers. The results are represented in Table 4.

Table 4
Disease
Number of examined patients 
RTM‑Diagnosis 

Mastopathy and fibroadenoma with proliferation 
11
9- Thermogram shows RTM-features of risk group 

2- there are no RTM-features 

Mastopathy and fibroadenoma without proliferation 
18
3– Thermogram shows RTM-features of risk group 

15– there are no RTM-features



The table shows that RTM‑Diagnosis distinguishes proliferative mastopathy and fibroadenoma from non-proliferative mastopathy and fibroadenoma enough reliable. Thus one of the advantages of RTM‑Diagnosis is to select patients with fibroadenoma and mastopathy with proliferation. Other diagnostic techniques can not do this as they detect anatomical changes in the breast. RTM‑Diagnosis provides a doctor with information on active processes in the breast.

Clinical trials of RTM‑01‑RES  

The clinical trials were held in 950 patients under the direction of leader Russian specialists at four Moscow medical centers. They are the following: 

· The Branch #1 of the Mammology Health Center; 

· The Municipal Hospital #40;

· The Russian Oncological Institute under the Science Center of the Russian Academy of Medicine Sciences;

· The Oncology Health Center of the Moscow Committee of Health. 

The purpose of the clinical trials was to estimate the ability of the RTM‑01‑RES system to detect breast cancer and monitor the treatment of benign tumors. At the Oncology Health Center of the Moscow Committee of Health specialists estimated the ability of RTM‑01‑RES to select risk patients. The risk patients are patient that should be undergo complex diagnosis. The results of RTM‑diagnosis were compared with ultrasound and mammography.

RTM-diagnosis was made independently from clinical, x-ray and other examinations. The results of RTM-diagnosis were compared with results reported by histology. They were blind clinical trials (a doctor did not know results reported by other methods).

The results of the clinical trials are displayed in Fig. 11.
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Fig. 11

Fig. 11 shows that all data are coordinated. The sensitivity for the method is 85-94%, the specificity is 75-80%, and the accuracy is 77-90%. These results are comparable with results of mammography.

Analyzing Cases of Earlier Breast Cancer Detection

In this section we discuss some cases of the earlier breast cancer detection. They includes cases when RTM-Diagnosis detects all RTM-features of breast cancer at the pre-clinical stage of tumor growth, when traditional methods (mammography, ultrasound, palpation and diagnostic puncture) can not detect breast cancer.

The following patients were diagnosed in the Brunch #1 of the Moscow Health Center.

1. Patient K., 58 year old, case history # 47204

02.03.98 –
Mammography.

Fibrocystitis mastopathy with fibrous character, scar changing. Directed to an oncologist.



02.03.98 – 
CBE
Complaint on hardening in the breast.

Gynecology - health

Objective. Nipples and areolas without specific features. There is not nipple discharge. The both breast with fibrocystitis mastopathy. The operation scar is hardened at some parts (the patient said). Node mass is not detected. The region lymph nodes are not enlarged. Directed to undergo RTM-diagnosis and diagnostic puncture.

Diagnosis: Diffuse fibrocystitis mastopathy



04.03.98 -
RTM-conclusion.
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Fig. 2.   Method Sensitivity for Tumor of Different Size  

Tumor < 2 cm

Tumor > 2 cm

The thermogram has features of left breast cancer located in the upper inner quadrant.

02.03.98 -10.03.98 
Diagnostic puncture.

Erythrocytes. Fat drops.

08.07.98 - 
RTM-conclusion.

The thermogram has features of left breast cancer located in the upper inner quadrant.

08.07.98 - 
CBE.

The left breast has scar changing. Under the areola there is solid-elastic node neoplasm of 1 cm in diameter with an enough exact boundary. Region lymph nodes are not enlarged. Directed to undergo repeated mammography. 

Diagnosis: Node fibrocystitis mastopathy, Susp. Bl ?


Diagnostic puncture.

Unstructured masses, isolated leucocytes.

16.07.98 - 
Repeated diagnostic puncture.

Cancer cytogram. 

16.07.98 - 
Repeated mammography.

Fibrocystitis mastopathy, at fibrous location there is node neoplasm of 1.5 cm in diameter with light boundary.

Conclusion: Susp. Bl..

Final conclusion of the oncologist: Bl. Mam.sin.



2. Patient M., 34 year old, case history # 43503

13.11.97 -
CBE
Complaint on pain in the left nipple for three months.

Gynecology - health.

Objective. The breast is developed proper. The left nipple is covered by a crust and hardened. There is serous nipple discharge. The breast with diffuse fibrocystitis mastopathy, the glandular tissue prevails. Node neoplasm is not detected. The region lymph nodes are not enlarged. Directed to undergo mammography and cytology.

Diagnosis: Diffuse fibrocystitis mastopathy (adenose type)

13.11.97 - 
Mammography.

On the background of weak fibrocystitis mastopathy in the left breast under the areola there is a more solid mass without an exact boundary with many microcalcinators (probably sclerose type). In order to specify the nature of this solid mass, diagnostic puncture and short R – control (3 – 4 months) are required.
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Fig. 3. Accuracy of Different Diagnostic 

Methods

14.11.97 - 
RTM-conclusion.

The thermogram has features of left breast cancer.

13.11.97 – 19.11.97
Cytology.

“Corneous” sand buckle, cells of plain epithelium with disparios of nucleuses, leucocytes, detritus. Inflammation cytogram.

14.11.97 – 19.11.97
Diagnostic puncture.

Objective. Inflammatory process in the left nipple at the regress stage. 

12.12.97 -
RTM-conclusion.

The thermogram has features of left breast cancer. The examination is performed on an incorrect day of the menstrual cycle, RTM-examination should be repeated.

23.12.97 -
Repeated CBE.

Taken smear for cytology (discharged from the nipple).

23.12.97 -
Cytology
“Corneous” sand buckle.

06.01.98 -
Repeated CBE.

Scarification of the left nipple.

06.01.98 - 
Cytology

Erythrocytes, leucocyte, corneous” sand buckle, polymorphous cells of a malignant tumor. It is necessary to distinguish between cancer and black cancer.

12.10.98 - 
RTM-conclusion.

The thermogram has features of the left breast cancer.

12.10.98 -
Repeated CBE.

Directed to an oncological center for operation.

Diagnosis: Left nipple disease.

Examinations in the Russian Oncological Science Center. 

Case history # 98/5198.

The patient is in the hospital from 02.02.98 to 09.02.98

22.01.98 -
RTM-conclusion.

The thermogram has RTM-feature of left breast cancer.

Cytology # 451 – cancer.

Ductography – Padget cancer of the left beast.

Histology # 1168.

In the central part of the breast there is a node of 1.3 cm in diameter, on the projection of the nipple this node is 3 cm in diameter – Padget cancer spreading through the ducts to deep parts with infiltrating ductal cancer. In the axillary lymph nodes – hyperplasia. 

Final conclusion of the oncologist: Padget cancer of the left breast. IIа  T2N0M0

3. Patient K., 41 year old, case history #45832

13.01.98 - 
Mammography.

Complaint on pricking in the right nipple.

Examination – diffuse lobulation, there is node movable elastic neoplasm on the border of outside quadrants of the right breast. 

Mammogram of 10.05.97 shows bilateral diffuse mastopathy. On the border of the outer quadrants of the right breast there is node neoplasm of 1.5 cm detected retromarnly. This mass has exact wavy boundary. The patient is directed to an oncologist.

Conclusion: Cyst? (Fibroadenoma?) of the right breast.

13.01.98 -
CBE.

Complain on pain and consolidation of the breast.

Gynecology – cyst of right ovary.

Objective. In the breast the inhomogeneity, lumpiness. In the right breast on the border of the outer quadrants (near them) there is a round movable mass of 1,5 cm in diameter with even boundary.

Directed to undergo diagnostic puncture.

Diagnosis: Fibroadenoma of the right breast.

13.01.98 – 15.01.98
Diagnostic puncture.

There is a few information – erythrocytes, isolated cells of cubic epithelium. Isolated cells of stroma, hemosidrofagy.

15.01.98 -
Repeated CBE.

In the breast – st. Idem.

The operation is postponed.

Directed to 

1. Ultrasound

2. RTM-Diagnosis on a correct cycle day. 

06.05.98 -
RTM-conclusion.

Risk group. The repeated examination is required.
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Fig. 4. Method Accuracy for Tumor of Different 

Size  

Tumor < 2 см

Tumor > 2 см

17.11.98 -
Directed to a hospital. 

Final conclusion of the oncologist: Fibroadenoma of the right breast.

From the history case #35208.

18.12.98
Performed sector resection of the right breast.

Histology # 1021149 – Fibroadenoma of the breast.

From the epicrisis of the history case #359.

The patient K., 41 year old from 1.99 to 18.1.99 was treated in mammology department. She had right breast cancer T2N0M0 2a stage.
The diagnosis was made by histology after sector resection of the right breast 18.12.98.

Histology # 102150/153 – tumor of 2.8x2.0x1.5 cm. The mucous cancer. The mucous component prevails, with minimal number of parenchymatous elements.

6.1.99 radical resection of the right breast is performed. 

Histology # 695-711 – nidal fibrosclerosis without defect of the tissue. In the lymph nodes of the axillary cellular tissue there is lymphoid reactive hyperplasia.

After the operation the patient was consulted by a radiologist. 

Recommendations: distance gamma therapy for four weeks. 

15.1.99 the radiation began.

The post operation period is normal. The patient left hospital in satisfactory condition with stitches. 

Women included in the group of the earlier breast cancer detection (14 patients) have tumors of 0.5 to 3-4 cm in diameter. A time between RTM-diagnosis conclusion on breast cancer and disease verification is 1 – 7 months. For this period, if a tumor doubling time is 35 – 110 days [1], minimally volume of a tumor can increase 2-4 times, or its size increases by 30-60 percent. 

Thus some of presently false-positive RTM-conclusions may with time become true-positive ones.

At present patients in the risk group have repeated RTM-examinations. Basing on obtained data we can believe that cancer verification continues.

Monitoring of Treatment

As RTM-Diagnosis is harmless, it can be used to monitor the treatment of various mastopathy types. 
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Fig. 5. Specificity of Different Methods 

Dishormone hyperplasia is accompanied by changing in thermal activity of breast tissue. So the temperature field of the patient is changed. As a result of a specific treatment the temperature field may be normalized. It confirms that the chosen treatment is proper. The literature [12] discusses various treatments of dishormone breast diseases and shows that RTM-Diagnosis is a sensible and effective method for monitoring the treatment of these diseases. In contrast to breast cancer that is accompanied by higher temperature at cancer location, benign tumors in some cases are accompanied by lower temperature at some parts of the breast.

Basing on the temperature field a doctor can not verify a disease (e.g. distinguish fibrous from fibroadenoma or node mastopathy), as all these diseases are characterized by an uneven temperature field. As a result of the treatment the temperature field is normalized that confirms a proper treatment. Figures below illustrate two examples of using RTM-Diagnosis for the monitoring of the treatment. 

Resume and Some Perspectives
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The clinical trials and experience of using RTM‑01‑RES at the leader oncological centers have shown that microwave radiometry is an effective method for the earlier breast cancer detection. As it is harmless, it allows to select patients with abnormal thermograms at an earlier stage. These patients should undergo the complex breast examination. The sensitivity for the method is comparable with the sensitivity for mammography and ultrasound. The method is very promising to be used for diagnosing young women, as mammography is not effective for this group. Also microwave radiometry is useful for monitoring the treatment of benign diseases.

Mammology is not a single area where microwave radiometry can be used. The system can be used in urology, gynecology, for diagnosis of thyroid diseases, ext.

RTM‑01‑RES allows to read and display the internal and skin temperature. The next step of developing microwave radiometry is designing multi-frequencies devices allowing to read and display temperature distribution along depth and also creating multi-channel systems, that allows to minimize temperature reading time and labour-intensiveness of the examination.
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Role of Microwave Radiometry in Mammology

Sdvigkov A.M., Vesnin S.G., Kartasheva A.F., Bjahov M. U.,Gurtvoy I.,J.,

Borisov V.I., Arablinsriy V., M., Kozlovskiy O.M., Sobol M.U., 
Goncharov V.J., Torlina V.E., Makarova E. A., Popova S. V.

Annotation

Clinical trial data of the RTM‑01‑RES radiometer are represented to estimate its diagnostic abilities and to determine its role as a method for diagnosis of breast cancer in medicine practice.

The diagnostic techniques may be divided into two groups. The first one includes X‑ray examination (mammography), ultrasonography. These methods and some others such as tomography investigate anatomical structure of the breast and detect abnormalities, e.g. tumors.

The second group includes thermal methods, namely infrared thermometry and radiometry. These methods detect physiologic pathologies represented by thermal abnormalities and thermal differentials. 

Each method included in these groups is independent and has its own benefits and imperfections.

In 1956 Lawson was the first who used infrared thermography for detection of breast cancer. This method reads the infrared heat radiating from the surface of the body and displays distribution of the temperature as a thermogram. Analysis of the thermogram allows to obtain a qualitative assessment of the image and numerical criteria of temperature gradients [8, 9]. 

The method allows to detect pathologic processes accompanied by changes in tissue temperature. Temperature changes may be caused by inflammation or tissue degeneration. In a thermogram malignant tumors are displayed as hyperthermia, i.e. the skin temperature increases. Experiments have shown that temperature increases as a result of increased metabolism (exothermal metabolism reactions) and the fact that blood vessels in the tumor are engorged [5-7, 9].

The method providing a doctor with information on breast tissues by measuring temperature differentials is very promising. Thermography was viewed as a method for diagnosis of breast cancer as well as for the differential diagnosis of malignant and benign tumors, the monitoring of treatment, detection of complications occurred after surgery and tumor recurrence. However investigators have not been satisfied with obtained results absolutely. Many false positive results, a relatively low sensitivity (false conclusions in women with the first stage cancer or non-palpable tumor is 22‑27% [2,10]) restricted abilities of the method and were a cause that the method was underestimate by physicians [3,4].

One of the causes was that the equipment was not appropriate. Also the attempt to replace mammography with thermography was an error, as thermal methods detect the first stages of the tumor growth that is accompanied with temperature changes. At the same time mammography detects anatomical changes that follow the temperature changes. According to Cockburn [13] thermal abnormalities occur 8-10 years earlier than mammography can detect anatomical changes. And so these results were considered false positive results.

In 1975 Barrett with colleagues [14] used other thermal method for investigating the breast. It was microwave radiometry. This method measures natural electromagnetic radiation from internal tissues at microwave frequencies. For waves of this a length the tissues of the body are “transparent” enough, so radiometry provides a doctor with more information than infrared thermography that measures the temperature of the epidermis.

In Russia radiometry has been developed by Troitskiy [15]. For the last 20 years hardware and diagnostic methods have been improved [11,12,17,21-23].

In 1997 RES, Ltd. developed the RTM‑01‑RES computer-based radiometer. The device includes internal and skin temperature sensors. The method provided by the RTM‑01‑RES radiometer has some advantages in comparison with the methods used in mammology. It allows to detect non-invasively pathological conditions in the internal organs, e.g. malignant tumors, at their earlier stages, as changes in temperature caused by inflammation or increased cell metabolism precede the anatomical changes that can be detected by mammography or ultrasonography.

Radiometry can select patients with the most dangerous tumors, as, according to current data, the tumor doubling time is higher, the tumor is hotter. Therefore radiometry selects patients with fast growing tumors first of all [19,21,24]. Also the method is absolutely harmless for patients of all ages and with any disease as well as for medical personnel. Thus the procedure can be performed repeatedly to detect pathological conditions and monitor treatment without extra radiation.

An abnormality can be detected at the depth of 3-7 cm. The accuracy of measurement is 0.2(C. Also computer processing helps to estimate results. Results of a radiometric examination may be represented as a table, thermogram, internal temperature field where the measured points are marked and isotherm lines are drawn though points with the same temperature. The data may be printed out or displayed on the monitor [12].

The advantage of the RTM‑01‑RES radiometer is that it includes an expert system for differential breast cancer diagnosis. The expert system analyzes data basing on several parameters such as thermal differentials, dispersion of the temperature in one breast, and others.

Note that the device is very simple in operation. Therefore an examination can be performed by secondary medical personnel. At the same time it is cheaper than other diagnostic methods. This advantage allows to use RTM‑01‑RES widely in our country at the current step of mammology service development, when there is lack of high-qualified specialists. 

RTM‑01‑RES has undergone technical tests and clinical trials that estimate its ability to detect breast cancer and select patients that should have a complete (complex) examination in specialized centers. The clinical trials have been conducted at the Clinical Oncology Institute of the Oncology Science Center of the Russia Academy of Medical Science, at the Clinical Hospital #40, and the Moscow Mammology Health Center. A total of 900 patients have been examined. The trials have shown that the device is effective enough:


Sensitivity - 85 – 94%;


Accuracy - 77.6 – 90.4%;


Specificity - 76.5 – 81.8%.

Specialists of the Municipal Clinical Oncology Health Center with General Surgery Department of Moscow Medical Stomatological Institute has analyzed effectiveness of the radiometric examinations (RTM-Diagnosis) to estimate diagnostic abilities of RTM‑01‑RES and to determine its role in mammology, in particular, for selecting patients with breast cancer and risk group patients that must be examined further at oncology and mammology centers.

The conducted clinical trial had the following features:

6. The internal temperature was measured in conjunction with the skin temperature. As trials have shown relation between skin and internal temperatures is a very important parameter. It allows to detect subtle processes, in particular, proliferation in breast tissues.

7. The results of RTM-Diagnosis were compared with results reported by mammography and ultrasonography. So RTM-Diagnosis could be compared with other methods fairly. 

8. During the clinical trial investigators estimated abilities of RTM-Diagnosis to detect breast cancer, and also to select patients that must be examined at mammology health centers. This group includes patients with proliferative fibroadenoma and mastopathy.

In this trial 57 women ages 28 – 76 (an average age is 51) with suspicion of breast cancer were engaged. 31 of these women were diagnosed with breast cancer, 17 women had non-cancer diseases and 10 women were diagnosed with proliferative mastopathy and fibroadenoma. All patients were examined by RTM-Diagnosis. RTM‑results were compared with results of CBE, mammography, and ultrasonography results. Efficacy of RTM-Diagnosis was determined basing on comparison of RTM‑results with histology conclusions.

The internal and skin temperatures were measured on the 6 – 10 days from the beginning of the menstrual period. Menopause women can be examined at any time. Examined patients laid on the back with their hands behind their head in order to normalize the arrangement of the measured points and increase the total accuracy of measurement due to the fact that the breast was flattened naturally and lymph nodes were open in this position. Skin and internal temperatures were measured at 10 sites including lymph nodes, area, centers and borders of the quadrants [22]. The method efficacy was estimated by comparison the sensitivity, accuracy and specificity of the method with the same parameters of mammography and ultrasonography. These parameters were calculated for the whole selection, for the patients with breast tumors that were less than 2 cm and for the patients with breast tumors that were larger than 2 cm.

The RTM-Diagnosis sensitivity for breast cancer diagnosis is 89.66%. It is higher than sensitivity of other diagnostic methods: sensitivity of ultrasonography is 85.18%, for mammography it is 80%. These results are represented in Table 1.

Table 5

Ultrasonography
Mammography
RTM-Diagnosis

Number of breast cancer patients examined
26


29


29

Number of positive results
21
25
26

Number of false results 
1 – fibroadenoma

4- mastopathy 
4- mastopathy
3

Detective ability (sensitivity)
80,8 %
86,2 %
89,6 %

The investigation has shown that the larger size of tumours, the higher sensitivity of all methods. When tumors were less than 2 cm, RTM‑Diagnosis sensitivity was 89.6%. At the same time the sensitivity of ultrasonography and mammography was 78.57% and 73.3% respectively. When tumors were more than 2 cm, the sensitivity of RTM‑Diagnosis increased up to 92.86% and kept highest. Ultrasonography was 92.3% and mammography – 86.67%. Therefore the RTM‑Diagnosis sensitivity is higher than it is for other methods, when the tumor has a small size.

The results are illustrated in Fig. 1 and Fig. 2.

[image: image57.png]7 (0001AA00087A)

370

365

360

355

340

335

330

325

320

3Ls

310

305

OB03HaHEHHS
O -npasas MX

X -nesas MX

- onopHas
Touka Tl

~— - onopHas
TouKa T2

— -cepuael

— -cepua ez

- cepus Ne3

Fiokasate
B cepu

Meuars.

=0
o x|

-0
= x|

~o
¥
wo
w ¥
=0

=¥
w0
n ¥
@0

o X
<ol
4 x
o 0f
@ x|
w0l
@ X

Momoue

Sakpure





The investigation has shown that RTM‑Diagnosis can distinct mastopathy and fibroadenoma with proliferation from mastopathy and fibroadenoma without proliferation. Therefore it can select patients who may get cancer under unfavorable conditions. These patients should have an complex examination in specialised health centers. The results are represented in Table 2.

Table 6
Disease
Number of examined patients 
Ultrasonography
Mammography
RTM‑Diagnosis 

Mastopathy and fibroadenoma with proliferation 
10
2 – cancer

5- mastopathy

3- fibroadenoma


4 – cancer

4 – mastopathy

2- fibroadenoma
8- Thermogram shows RTM-features of risk group 

2- there are no RTM-features 

Mastopathy and fibroadenoma without proliferation 
18
14- mastopathy

4- fibroadenoma
12 – mastopathy

1 – fibroadenoma

3 – cancer

2 – not performed 


4 – Thermogram shows RTM-features of risk group 

14– there are no RTM-features



The table shows that RTM‑Diagnosis distinct mastopathy and fibroadenoma with proliferation from mastopathy and fibroadenoma without proliferation enough well. Thus one of the advantages of RTM‑Diagnosis is to select patients with fibroadenoma and mastopathy with proliferation. Other diagnostic techniques can not do this as they detect anatomical changes in the breast. RTM‑Diagnosis provides a doctor with information on active processes in the breast.

Thus in 80% of all cases RTM‑Diagnosis selected proliferative mastopathy and fibroadenoma as risk group patients correctly. Ultrasonography selected 20% and mammography - 40%.

The specificity and accuracy for selection of the risk group patients is represented in Table 3 and Fig. 3 – 5.

Table 7

RTM-Diagnosis (RTM)
Ultrasonography (US)
Mammography (X-ray)
RTM + US + X-ray

Sensitivity
87,2%
66,7%
74,3%


Accuracy
84,2%
77,7%
76,3%


Specificity
77,8%
100%
81,2%
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Note that during the investigation RTM-results were base on a dual concept – “thermogram has features of breast cancer” or “thermogram has no features of breast cancer”. Thus the diagnosis of patients included in the risk group were not differed. Current algorithms and method of RTM‑Diagnosis do not allow to perform differential diagnosis. When breast cancer RTM‑Diagnosis is performed in patients with other diseases, its specificity is 57.69%. At the same time in this case the specificity of ultrasonography and mammography is higher. It is 92.59% and 85.18% respectively. Lower specificity of RTM‑Diagnosis exists as this method can not distinguish cancer from mastopathy and fibroadenoma with proliferation. 

Due to higher sensitivity of RTM‑Diagnosis (it is very important for small tumors) as well as that it is harmless and cheaper other methods, we believe that the method may be used effectively for annual screening, detection of breast cancer, selection patients fallen in the breast cancer risk group as well as the monitoring of breast treatment. 

For decades mammography has been the main screening method for earlier detection of breast cancer [3, 4, 7]. However its abilities as a screening methods are limited as a result of risk factors related to radiation, its high cost and its low efficiency for young women, when a woman breast has more glandular tissue (according to L. Nystzom, mammography can not detect breast cancer in 40% of the women under 40) [3, 7]. Many authors suggest ultrasonography as an alternative method to mammography. But it has some restrictions as it is required a high-qualified specialist and if there are not data about existence and localization of disease of if tumor is located in fat, it makes many false-negative conclusions (especially for large breast). However ultrasonography can detect cancer in glandular tissues [3, 4].

Therefore we suggest the following screening method for women with more glandular than fatty breasts, ages 35 – 40, and women with fat breasts, older than 40. All women older than 15 should have a screening including BCE and palpation and RTM‑Diagnosis once two years (or oftener). Once a positive conclusion is made, a woman under 40 should has ultrasonography, and a woman after age 40  - mammography. Once a clinical breast examination detects tumor-like mass young women should undergo RTM‑Diagnosis and ultrasonography; women after 40 should have mammography. (RTM‑Diagnosis is not included as mammography shows a whole structure of breast cancer and it is used to detect a type of pathology). If ultrasonography can not make a conclusion (if ultrasonography results are not confirmed by CBE and RTM‑Diagnosis), mammography should be performed. In the case of uncertain mammography results ultrasonography and RTM‑Diagnosis should be performed. The final step of diagnostic investigation should be fine needle aspiration biopsy guided by ultrasonography, and then morphology. Women, whose positive RTM-Diagnosis is not confirmed by other methods (including morphologic investigation),  should be included in the breast cancer risk group, have a regular examination in oncology room and an RTM-examination. 

Therefore RTM‑Diagnosis as a harmless, high-sensitive and cheap method can be useful in conjunction with for routine screening to detect breast cancer at its earlier stage other methods.

We believe that the described screening method increases the number of breast cancer detection with minimum expenses, time and high-qualified specialists.

This breast cancer diagnostic scheme including thermal methods can be made more exact as it will be apply in larger selection in medical centers. 
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Detection of Breast Cancer with Microwave Radiometry

Burdina L.M., Vaisblat A.V., Vesnin S.G., Konkin M.A., Laschenkov A.V., Naumkina N.G., Tihomirova N.N. 

Moscow mammalogy dispensary (123242, Moscow, Verhniy Predtechnskiy, 8)

Introduction 

The increase in breast cancer makes physicians and diagnostic equipment developers to look for new methods for early detection of the breast disease.

Present cancer detection methods other than radiometry (i.e., palpation physical examination, mammography, ultrasonography) require that the tumour have mass and contrast with respect to the surrounding tissue (i.e., they detect formed structure changes in tissues).

The microwave radiometry method (RTM-diagnosis) represents a passive, non-invasive procedure determining thermal activity of tissues. As the changes in temperature precedes the structure changes in tissues there is a fundamental possibility of early detection of breast cancer. In comparison with infrared thermography, reading the infra-red heat radiating from the surface of the body, RTM-diagnosis measures the heat of tissue at depth of several centimetres and so it is more informative.

The another important advantage is that RTM-diagnosis is harmless absolutely, that allows to test a patient repeatedly, analyse dynamics of disease and choose a proper treatment.

In spite of many papers that has been written about RTM-diagnosis (1-7(, the method has not been utilised widely in medical practice. In our previous paper (Mammalogy №2,1997 (8() there were results of the clinical trial of the medical radiometer RTM-01, which is utilised for breast cancer detection. These results were got by testing 116 women, which had different breast diseases.

Present more than 500 women had been examined and experience of using RTM-diagnosis in conjunction with other methods such as mammography, palpation and puncture has been gained. 

For all work the method for diagnosing breast cancer have being improved. The main attention has been given to using PC and improving diagnostic software. Also the methods of imaging internal temperature have been improved.

Methods of examination

The examination was conducted in the Moscow mammalogy dispensary (branch №1).
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Fig.1 Diagnostic computer based system RTM-01

  Women were divided into several disease groups. The division based on the clinical and x-ray examination data. The data are in the table below.

Diagnosis
Number


Examinations
Patients

Healthy
19
17

Fibrocystic mastopathy
115
107

Diffuse fibrocystic mastopathy
89
75

Fibroadenoma
40
38

Nodal fibrocystic mastopathy
43
42

Cyst
53
46

Fibrous-fatty involution
18
18

Papilloma
13
12

Acute mastitis
17
9

Breast cancer
89
80

The diagnostic of diseases is being exacting
40
38

Other diseases
61
57

Total
597
539

There is a difference between the number of examinations and patients because some patients were examined several times in order to physicians could analyse dynamics of disease.

The method discussed in our last paper was used. Patients had clinical and x-ray examinations, if it was necessary they had puncture. Then they had RTM-diagnosis and the results were compared.

Fig.1 illustrates the diagnostic computer based system RTM-01, which was used. It consists of microwave radiometer and PC.

Visualisation of Internal Temperature Field

Displaying temperature data as a diagram (fig. 2a), when the names of the points, which were measured, go along the horizontal axis and the temperature values are along the vertical axis, is not obvious enough.
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Sensetivity

Accuracy

Specificity

Number of patients -

81

Breast cancer - 48

(60%)

Number of patients

- 43

Breast cancer - 35

(76%)

Number of patients

- 771

Breast cancer  -

101 (13%)

Number of

patients - 71

Breast cancer -

29 (41%)

Sensetivity = 

Ncc/ 

Nc                                               Accuracy =(

Ncc+Nhh)/

Nt                             Specificity = 

Nhh/ 

Nh

Nt-Total number of patients;

Nc-Number of patients with breast cancer;

Nh- Number of healthy patients;

Ncc-Number of patients with breast cancer, who were diagnosed by RTM-01, and said to have the breast cancer;

Nhh- Number of healthy patients, who were diagnosed by RTM-01, and said be healthy;
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Fig. 2 Various imaging methods of RTM-diagnosis results. A 67-year-old female having cancer of left breast:

a) Thermogram (light area is an area representing breast temperature of the healthy women at the certain age);

b) Displaying temperature, method [9];
Maligin A.A.(9(  (1993) used another method for displaying the internal temperature (fig. 2b). The advantage of this method is the temperature values are linked with measured sites. However this image interpreted hardly. 

Finally, Land D.V., 1987 (10(, used method for displaying the internal temperature, when isotherm lines are drawn through sites having the same temperature (fig. 2c).
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2c) Internal temperature field, method [10]

When this method is used, a thermal abnormality is displayed well. It can represent a malignant tumour. 

The investigation results show that a thermal abnormality locates where the tumour is, in the 85% of studies, or an error does not exceed a few centimetres.

When an image is grey, hot areas of the breast are displayed by light colours and cold ones are reflected by dark colours. 

When an image is colour, cold areas of the breast are displayed by  "cold" colours (i.e. blue) and hot ones are reflected by "warm" colours (red and pink).

Basing on common physics laws we can say that the minimum size of image features is proportional to the wavelength used. The wavelength in the biological tissue of 2 - 4 centimetres usually is used, so on the internal temperature field there are no features which sizes are less than 1-2 centimetres. Note, the thermal abnormality size (area having the high temperature and sometimes representing a malignant tumour) usually is larger than the actual tumour size reported by mammography. This is because tissues surrounding the tumour are heated due to heat transfer and neurohumoral links. So resolution of the method does not contradict the size of the thermal abnormality which is investigated.

Fig. 2c shows a significant thermal asymmetry when nipple heat of right and left breasts are compared. The thermal differential is about 10C. 

The comparison of displaying methods, shown in fig. 2, says about undoubted advantages of the last one. In the bottom of the image there is a colour scale bar representing colour and corresponding temperature.

Imaging thermal data as internal temperature fields show areas having low or high temperature obviously. At the same time a thermal asymmetry value (temperature differential between the corresponding points on the right and left breasts) is shown in a thermogram better (fig. 2a). Therefore a physician conducting RTM-diagnosis may use both this methods.

RTM-features of Breast Cancer

     As we wrote in our last paper (8( there are the following RTM-features of breast cancer: increase in nipple temperature in comparison with the average breast temperature, local thermal asymmetry, (i.e. there is a high temperature in the point, where a tumour locates, in comparison with the temperature in the corresponding point on the healthy breast), large temperature diversity within one breast, significant thermal differential between corresponding sites on the right and left breasts.

Analysis of a great number of thermograms has showed that different cancer types have different RTM-features.

In particular, an increase in nipple temperature (1,0-1,50C) and significant thermal asymmetry (more than 10C) on several points accompany ductal cancer. Fig. 3 shows internal breast temperature field of a 58-year-old female.
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Fig. 3 Internal temperature field of a 58-year-old female. Ductal cancer of left breast

She has ductal cancer. There is significant thermal asymmetry and the high temperature in the left breast. This cancer type has characteristic attributes and there have not been any mistakes of detection. For comparison, fig. 4 shows internal breast temperature field of a healthy female.
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Fig. 4 Internal temperature

 field of an 18-year-old female. Healthy
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Fig. 5 Internal temperature field of a 60-year-old female. Inflammatory cancer on the right breast

The increase in temperature (1,0-1,50C) in the entire breast accompanies inflammatory cancer, in contrast to ductal cancer. The fig. 5 shows the internal breast temperature field of a 60-year-old female, having inflammatory cancer on the right breast.
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Fig. 6 Internal temperature field of a 52-year-old female

a) before treatment (27.03.1997); 
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Fig. 6 Internal temperature field of a 52-year-old female

                   6b) after the treatment (03.07.1997)

It needs to say that RTM-features of inflammatory cancer are similar to RTM-features of acute mastitis. However the fact that the RTM‑diagnosis is harmless allows physicians to order conservative treatment if there are suspicions of acute mastitis and then repeat RTM‑diagnosis. This allows to compare results and analyse dynamics.

Fig. 6a and 6b show internal temperature field of a 52-year-old female. The first figure shows RTM-results got before conservative treatment. The second is RTM-results got after conservative treatment. It confirms that there is no cancer. Fig. 6b demonstrates positive changes in the internal temperature. (A fall in temperature is 20C). Thermal asymmetry has been also reduced. It needs to say, the significant thermal asymmetry is not always accompanies breast cancer.

 In 25% of all patients it is less than 0,70C. These patients have higher temperature in the both breasts and slight thermal asymmetry.

According to our observations if woman is fat, the lower average breast temperature, significant thermal asymmetry (more than 1,00C) and the high nipple temperature accompany breast cancer. 

  Women with large breast do not always have significant nipple thermal asymmetry (in particular, if tumor is on the periphery). The breast internal temperature is a very "subtle" parameter and it is affected by hormone processes, patient's emotion and medicament treatment. In particular the thermograms of the women taking hormonal preparations such as contraceptive or drug are similar to the cancer thermograms. In some cases the thermograms of the healthy women during the period of menstruation or ovulation are similar to the cancer thermograms and have all RTM-features of cancer.

Most of mistakes were made when women were tested during the period of ovulation. So RTM-examination should be conducted from 6th to 7th day from the first day of the menstruation period for reliable results.

Computer RTM-Diagnosis of Breast Cancer

Breast cancer has different RTM-features depending on a patient age, breast structure, a cancer type, etc.

Significant thermal asymmetry accompanies non-cancer diseases too. In particular 44% of patients diagnosed with non-cancer diseases have thermal asymmetry exceeding 0,70C. So cancer thermogram should be distinguished from other breast diseases.

When computer RTM-diagnosis is conducted all thermograms of verified breast cancer are stored in a computer. Then the software compares a current thermogram with those thermograms of verified breast cancer and analyzes whether the current thermogram (the thermogram of the diagnosed patient) is similar to those cancer basing on thermograms basing on the RTM‑features described above. These RTM-features were represented as numerical values.
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Fig. 7 “Risk areas” at the monitor display.
Parameters of all patients having breast cancer are displayed as a 2‑D diagram (fig. 7). Each patient is represented by one point. The RTM‑features and their links were selected so as to points were compact in the diagram. This compact area is called a "risk area". The change of temperature, depending on the patient age, was taken into consideration. 

If the patient’s parameters for all RTM‑features of breast cancer locate within "risk area", this patient is similar to the cancer patients and software, basing on processing results, give a massage that the patient has breast cancer.

Note that the reliability of these results increases as data is being collected.

The clinical trial has shown that sensitivity of the breast cancer detection with RTM-diagnosis is high enough. 

  In the 56 of 59 studies RTM-results were confirmed by x-ray and clinical examinations. Three cancer patients did not have any cancer RTM-features. In the 15% of all patients (89 patients) cancer was not detected with x-ray and clinical examinations. But these patients had all RTM-features of cancer. However in two cases breast cancer was detected in a few months after RTM-diagnosis had detected it.

Discussion. RTM-diagnosis and Tumor Development Kinetics

In the paper written by Carr K.L. (1989 (6() and discussing the use of microwave radiometry for early detection of breast cancer and in the later paper of Moiseenco V.B. and Semiglazova V. F., 1997 (1(, the period of the disease is divided into preclinical and clinical phases. During the preclinical phase a tumor can not be detected by the traditional methods. 

In the mentioned papers doubling time of the tumor (its volume, mass or number of cells) was discussed. Note that in spite of the large diversity of doubling time (according to (11(, from 3 to 888 days) the development of the tumor is represented by exponential curve, i.e. double time is constant over the whole period of the tumor development.

The paper (6( described that the tumor specific heat-segregation was inversely proportional to the doubling time value, i.e. a tumor having short doubling time is “hotter” and so it is displayed better in thermograms. Thus microwave radiometry has a unique ability for detecting the tumor which develops quickly. Using RTM-diagnosis in conjunction with other traditional methods allow physicians to select patients having quickly developing breast cancer (short doubling time of the tumor). These patients are quarter of all cancer patients.

In conclusion there are some examples when RTM-diagnosis had detected breast cancer before the clinical examination detected it.

1. A 49-year-old female (fig. 8). In the February, 1997 she was diagnosed with fibrocystic mastopathy by the clinical and x-ray examinations. Cancer was not found.

However this patient had all RTM-features of breast cancer. The thermogram and internal temperature field (fig. 8a and 8b) demonstrated thermal asymmetry in the outer quadrants of right breast and increase in temperature in the left nipple. In seven months cancer of the both breasts was detected by the clinical and x-ray examinations (inner quadrant boundaries of right and left breasts).

2. A 58-year-old female (fig. 9). In January, 1997 she was diagnosed with acute mastitis by the clinical and x-ray examinations and a treatment was order. In June, 1997 after the treatment: the clinical examination - there is no nodal neoplasm, x-ray examination – fibrous‑fatty involution; mammogram  - there is no significant dynamics and there are fibrous parts in the central breast sites (more in the left breast). RTM-diagnosis - all RTM‑features of breast cancer (fig. 9a, 9b). In the September breast cancer of the left breast was detected by histology identification.

[image: image80.png]War u3otepm- 0.120°C

_—

36.7

P

35.2
. 36.1 .
O
. 35.9 36.1
) O ) o
36.2 35.9 36.1
O o o

3505 3529 3553 3577  36.01 36.25 3649 3673 3697  37.21 37.45

Temneparypa['C): munumanehas- 35.2, cpeamss- 36.3, Makcamanewas- 37.0





[image: image81.png]3454

Ular usoTepu- 0.120°C
Npasas MX fesas MK

35.3 36,5
o

34.78

3502 3526 3550 3574 3598 3622  36.46

Temneparypa['C): munumanehas- 35.2, cpeamss- 35.7, Makcamaewas- 37.0

36.70 3694





[image: image82.png]War u3otepm- 0.120°C

Npasas MX fesas MK
34.1
33.7 34
o &)
-
4.4 34.4 33.9)
o o o<
339 34.1
o \o
345
jo
3292 3316 3340 3364 3388 3412 3436 3460 3484 3508 3532

Temneparypa['C): munumanehas- 33.7, cpeamss- 34.1, Makcamaewas- 34.5





[image: image83.png]PTM-auarnocuka: C. H. B.. 57 (0001AAD0087A) [

Cepual Cepua2 Cepuad Passpoc  Netoukd  Cropowa  Tekywas Temmeparypa
0003
OnopHsie Toukw
T
T2
TemneparypasTouke  Cpemwss TeMmeparypa
OcHogrsie TouKM
N non non
0 [532 [341 .
1 [315 [318 *
2 [321 [527 Visnepure Cpacpuk.
3122 1536 Teprorpama.
4[523 [336
533 [326 Done Temneparyp.
6 [z25 [s22 Cepoc Dvarvoctuka
7[518 [318 AR
8 [376 [318 @
9[527 [333 ©) 0
MokaaaHIA SKeneRTHOM CHETENME
CpagHiMsii anekr:  [T00TAADDZ76A

Oueral: [EEM | (+116-90)
Ouena?: [N 545649





Fig. 8 RTM-results of a 49-year-old female:

a) Thermogram;

b) Internal temperature field
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Fig. 9 RTM-results of a 58-year-old female:

a) Internal temperature field, January, 1997;
b) Internal temperature field, June, 1997
Conclusion

A large group of the women was examined. 

The results of this work showed that sensitivity of breast cancer detected with RTM-diagnosis using computer processing methods is high enough (90%). In the some cases RTM-diagnosis detected breast cancer earlier than the traditional methods. Perhaps the number of such cases will increase, as the patients having false positive RTM-results are under monitoring.

Due to high detective ability of breast cancer, absolute innocence of RTM-diagnosis, low cost of diagnostic device in comparison with ultrasanography and mammography devices RTM-diagnosis is appropriate to be utilized in out-patients' clinics in order to select patients falling into risk group and then examine them and treat at the special centers. 

Besides that RTM-diagnosis can be used as a method for early detection of breast cancer and for monitoring treatment in conjunction with other methods such as mammography, palpation and puncture in the mammalogy dispensaries.

Summary

     539 women having various breast diseases have been examined with the help of microwave radiometry, PC computer has been used. It is concluded that thus breast cancer may be revealed with high detective ability (being more 90%) which is about that for mammography examination. Potential possibilities for detection breast cancer at an early stage and for revealing patients having high growth of breast cancer have been also pointed out here.
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This Manual may be used by doctors who use or intend to use the medical radiometer for diagnosing diseases. Manual covers what place radiometry takes among diagnostic procedures, physical radiometry bases, features of the PTM-01-RES radiometer, and its structure. The diagnostics of oncological diseases is considered specially.

Thermal diagnostic methods

Radiometry is a new, developing area of disease diagnostics, especially it is helpful for the detection of oncological diseases.

The method is based on measuring the temperature of internal tissues by valuing their thermal radiation at microwave frequencies.

The radiometric method (RTM) has some advantages in comparison with traditional diagnostic methods. They are the following:

· - the method is noninvasive;

· - the method is absolutely harmless as a result of the fact that there are no 
  ionizing and other radiation;

· - high detective abilities of the method.

The main diagnostic means used for oncological disease diagnosis may be divided into three groups that are shown in fig.1. 
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Fig.1.

Consider some features of these diagnostics. The first group includes physical examination methods. These methods are effective when the tumor is formed, and when it has a well delineated boundary. Unfortunately on the phase, when tumors have average size and so can be detected by physical methods (e.g. in average the tumor only of 1-2 cm can be detected by mammography) metastasis may occur.

Inevitable radiation load does not allow to conduct screening more than once every six months.

Physical methods have other features that restrict their abilities. For instance, in the mammology area the X-ray examination is not effective enough for young women as breast tissues are solid and so X-ray images are not contrast enough.

In the second group histology is the most reliable method. However it is applied during or after the operation.

Applying cancer markers is developing, however they are designed for diagnosing oncological diseases of limited organs group, and they are not always effective.

The third group includes thermal diagnostic methods. For the first time the temperature of the human body (oral temperature) was measured with the help of a mercurial thermometer (it had been just developed) in Germany in 1851. Since then temperature and its dynamics analysis has become one of the traditional diagnostic method. Noninvasive measuring internal organ temperatures began hundred years later due to developing night vision equipment during the Second World War.

During that procedure skin temperature that partially reflects measured internal organ temperatures. 20 years later (1972) the fist studies of internal tissue temperature measurement (tumors of mammary gland) were carried out. The measurement was based on receiving natural electromagnetic radiation at microwave frequencies. These studies were successful, as tissues are transparent enough for waves of this frequency range.

The distinctive feature of the thermal methods is that the methods are absolutely harmless and provide doctors with wide information.

Some special features of the methods are considered below. Note that temperature abnormalities caused by inflammation, increased cell proliferation at precancer stage or anaerobic glucose decomposition in the malignant tumor often precede anatomical changes that can be detected by physical diagnostic methods.

Detective ability of the thermal diagnostic methods is shown in fig. 2. The figure illustrates the results of the breast cancer detection that were obtained at the leading Moscow oncological center
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Fig. 2. Breast Cancer Detective ability

Thermal diagnostic methods and tumor growth

Consider some well-known information on developing tumor growth and relationship between these data and the thermal diagnostic methods.
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The tumor growth dynamics is characterized by the doubling time of a tumor (mass or the number of cells). The doubling time (DT) is a constant for a specific patient in spite of the fact that it varies widely (from 3 days to hundreds of days for different patients). Biological history of tumor growth may be divided into preclinical and clinical phases. The border between these phases is relative as it is determined by diagnostic equipment abilities. Therefore it is natural to apply the tumor growth behaviour studied for the clinical phase to the preclinical phase (doubling time is constant for a specific patient). The tumor growth is shown in fig. 3.

Fig. 3.

When the doubling time is constant the tumor growth is represented by the exponential curve. It should be noted when the tumor mass doubles the tumor diameter increases 
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 times. Also tumors with short doubling time have a high specific heat generation (Watt/cm3). As when the tumor grows rapidly, energy consumption increases and so heat generation rises. This relationship is shown in fig. 4.
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Fig. 4.

Therefore most of dangerous tumors (tumors with short DT) can be detected by thermal methods first of all. It means that the thermal methods can select patients with rapidly growing tumors. According to current data these patients are a quarter of all breast cancer patients.

Heat transfer in the bioobject

Consider transferring heat in a bioobject for better understanding the physic base of thermal diagnosis. As in any physical object, in the bioobject heat transfers from hotter areas to colder areas. There are three ways of heat distribution. They are heat transfer, convection and radiation. For the bioobject convection is represented by the circulation of the blood. They play their own role in thermal diagnostic methods. Fig. 5 illustrates heat transfer from internal organs to skin and then to ambient space, when there are no internal temperature abnormalities.

In some parts of a human body the temperature is constant due to homeostasis. This temperature is approximately equal to the temperature measured in axial, oral and rectal areas (36.5(С – 37.0(С). The central nervous system, thorax organs, the abdominal area, and some parts of shoulder hips have a constant temperature.

When the room temperature is 20-25(C the skin temperature lowers to 32-33(C so there is a temperature gradient between the skin temperature and the internal temperature.

This temperature gradient and its changes, when a room temperature changes are shown in fig. 6.


Fig. 5.


Fig. 6.

Radiation at infrared and microwave frequency is described by Planck’s radiation law. In accordance with it the level of emission is a function of both absolute temperature and frequency. 

Fig. 7 shows emission intensity with respect to frequency, when a temperature is 310 K (33(С).


Fig. 7.

When temperatures are equal ones, which usually a bioobject has, the maximal radiation is at 1013 Hz frequency that corresponds to a wave of 10 micron, i.e. infrared radiation. The microwave frequencies used in radiometry (108 - 109 Hz) lay on the slope of Plank’s distribution and their radiation intensity is about 10 order less, that it is for infrared thermography. That determines device features for respective range.

Note that biotissues are not transparent for infrared radiation and it attenuates at a depth of several microns.

For microwave frequencies a transparency (attenuation) depends on water content of tissues. The tissues may be divided into two groups. The first group includes low water content tissues, which are represented by fat and bone. The attenuation of these tissues is low. It is 20-30% per depth centimeter.

Attenuation of skin and muscle (high water content tissues) is greater. It is about 50% per depth centimeter.

Consider some other features of thermal radiation. It is generated by chaotic movement of many molecules, so it is disordered (noise).

On the bioobject tissue – environment some radiation is reflected. It is governed by bioobject’s emittance according to Kirhgof’s law:

( = 1 - r, where

( - body emittance;

r - reflection coefficient.

Note that at infrared frequencies r is little (0.03 – 0.05), whereas at microwave frequencies r is 0.4 – 0.5. These features determine diagnostic device structure.

RTM - 01 – RES Diagnostic Set

 Consider the RTM-01-RES diagnostic set as a sample of a medical radiometer. The RTM-01-RES is used for measuring the internal and skin temperatures. The measurement is based on receiving natural electromagnetic radiation at microwave frequencies and infrared frequencies respectively.

The simplified scheme of the device is shown in fig. 8. The diagnostic set consists of an antenna, an internal temperature sensor, a skin temperature sensor, a processing unit, a PC, and a printer.


Fig. 8.

The internal temperature is measured by contacting the antenna (1) with a patient’s skin at the point of the investigated organ or its part projection. 

Noise signal power at microwave frequencies received by the antenna is Р = ε K T B, where

K- the Boltzmann constant;

T – averaged internal tissue temperature (Kelvins);

B – microwave frequency band of the receiver (Hz).

ε – emittance

.

When frequency band B is 100 MHz (108Hz) and the tissue temperature is 310K, this power is 4 х 10-13​​ Watts.

The power is proportionate to a body temperature, so it can be measured in degrees, if other conditions are constant.

There is a switch (2) behind the antenna. It is switched from close to open position 1000 times per second.

When the switch is close the signal transfers through circulator legs a ‑ c to the device radiometry region (4). When the switch (2) is open heated resistor (5) noise transmit to circular leg (c). This noise is reflected from the switch (2) and transmitted from circulator (3) legs a – c to the radiometer input (4). Signals are amplified and their power (temperature) values corresponding to close and open switch (2) positions are compared. Voltage that is proportional to the temperature differential between tissue and heated resistor (5) heats the resistor until these temperature are equal. Instead measuring the internal temperature we measure the temperature of the heated resistor, so that the device is simplified. There is a temperature-voltage converter. Voltage from the converter output achieves the mode shift (8) and then it achieves the analog-digital converter (11) that connects the device with the PC. The described scheme compensates reflection form skin surface. Fig. 9 illustrates this process.



Noise power of a bioobject with temperature Тp achieves the border between the bioobject surface and the antenna, then the antenna receives it reduced by 1-r according to Kirhgof’s low. Some noise Тp​ x r is reflected and absorbed in the bioobject.

Noise with the temperature Тp ​as mentioned above achieves the border from the receiver input. Some noise with temperature Тp (1 - r) is absorbed in bioobject, and the rest of noise is reflected with the temperature Тp x r. The sum of signal temperatures in the antenna input is Тp.

So the reflection at the border is compensated even if bioobject are different.

The skin temperature is measured by a noncontact method. Intensity of radiation from a surface heated to absolute temperature T is

М = ε ( (Т 4 - Т1 4)   where 

ε - heat-transfer coefficient;

( - Stephan – Boltzmann’s constant (5,67 х 10-8 watt / (m2 K4);

T1 – room temperature

The skin temperature sensor (10) consists of an optical system that forms a surveyed surface field, a mechanism that breaks ray flow from the compared body heated to the temperature Т1 and a radiometric part.

A spot diameter on a patient’s skin depends on the distance between the antenna and skin.

When the distance is ten centimeters the diameter is 1.5 cm. When the distance is one centimeter the spot diameter is about 0.5 cm. These distances are set with help of special facilities.

The skin temperature and compared body temperature are compared with help of the mechanical breaker that operates 24 times in a second. The results of measurement are transmitted as direct voltage to the switch (8) and then to analog-digital converter (ADC) (11).

Besides the device the diagnostic set includes a PC processor (12), monitor (13) and a printer (14) that serve for

Storing patient’s data;

Storing anamnesis

Storing measured temperature data that is tied with antenna positions. 

Temperature data are processed and can be displayed or printed as 

· thermogram;

· temperature field.

For breast cancer diagnosis the special software is design. It allows to determine RTM-features of breast cancer, by analyzing a current patient’s data and the data of verified breast cancer patients.

Radiometer operation features

Consider some measurement features of the radiometer both at microwave and infrared frequencies, i.e. features of measuring skin and internal temperature.

The temperature that measured by internal temperature sensor consists of the following items:

· skin temperature;

· contribution of temperature gradient;

· contribution of abnormality temperature (when the abnormality exists).

Consider the relationship between temperatures measured by microwave and infrared sensors and true (thermodynamic) temperature distribution within internal tissues. Microwave antenna measures a brightness temperature. It reflects the internal temperature partially due to the following cause. If you image that investigated tissue is divided into thin layers that are parallel to skin, the emittance at microwave frequencies of each layer depends on physical temperature of the layer and radiation losses in it. Contribution of every layer to the brightness temperature depends on losses in the tissues placed from this layer to the skin. 

Therefore the brightness temperature measured by the sensor that contacts the skin surface depends on thermal profile (T (z)) and electrophysic tissue properties, i.e. losses, as mentioned earlier. Fig. 10 illustrates the thermal profile when the thermal abnormality exists at the depth (0.


As the figure illustrates when there is no thermal abnormality the brightness temperature is a sum of skin temperature Ts (skin temperature) and the contribution of the temperature gradient. For typical differential Ti – Ts = 2,5 (С (Ts is an internal temperature of the area, where it is considered constant) the contribution of the temperature gradient is 1 - 1,5(C and it is constant, when the skin temperature is constant. So internal temperature is always more than skin temperature. When the thermal abnormality occurs the picture is different.

Fig. 11 show computed brightness temperatures and skin temperatures for thermal abnormalities to be at deferent depths Zо. The following parameters are constant:

· the differential between neoplasm temperature and surrounding tissues temperature is (T = 2(C,

· the size of temperature abnormality is 2 cm ((t = ½T0).


Fig. 11

Note that when thermal abnormalities are at little depth, the skin temperature may exceed the brightness temperature measured by the internal temperature sensor. This fact is helpful for diagnosis.

6. Measurement technique

Consider the technique of measuring the internal and skin temperatures. Reliable results can be obtained if the technique of measurement is not varied.

There are not any regulatory bodies on the RTM-01-RES except the power switch, РАДИОДАТЧИК (RADIOSENSOR), and ДАТЧИК ТЕМПЕРАТУРЫ КОЖИ (SKIN TEMPERATURE SENSOR) buttons that switch operating modes. They are on the front panel of the processing unit. The mode indicator is on the temperature indicator panel.

When the device is turned on for the first time the РАДИОДАТЧИК (RADIOSENSOR) mode is set automatically.

Therefore the doctor can pay the whole its attention to measuring the patient’s temperature.

As mentioned earlier the room temperature affected both the skin and brightness temperatures. So the room temperature should be 20-25(C, and the best temperature range is 21-23(C.

There should not be draught in the room.

Before examination a patient’s skin temperature should become constant, for that the patient should adapt to the room temperature (for about 10 minutes.).

For measuring internal temperature there are no need for using any matter to improve contact between the antenna and the surface as it is used for ultrasonography. It is enough when the whole antenna surface contacts skin. The press on the surface is achieved due to the antenna weight that usually is vertical to the surface.

When the PC is used the measured point is prompted by a scheme displayed on the monitor. The ЗАПИСЬ (RECORD) button allows temperature data to be stored automatically. 

For improving measurement accuracy the measurement results are accumulated. This process last about 10 seconds. The indicator on the processing unit shows when the results become stable. Also you can see, when the accumulation process finished, on the scheme displayed on the monitor.

After that your should push the ЗАПИСЬ (RECORD) button to store data. The temperature is stored when you set the button free.

There are two skin temperature measurement modes that are determined by the spot diameter on the skin. The temperature within the spot is averaged. As described earlier the spot diameter depends on the distance between the infrared sensor and skin. The distance is set by special facilities. When the distance is short (a diameter is 5 mm), the temperature of skin neoplasm is measured. When the distance is longer (a diameter is 15 mm), you can obtain additional data on internal temperature.

The accumulation time is mach less due to high signal intensity, and it is not more than one second.

The function of the ЗАПИСЬ (RECORD) button is similar to one on the internal temperature sensor.

Examination methods

As mentioned earlier the measured temperature reflects the internal thermodynamic temperature partially. So for diagnosing abnormalities caused by different factors different diagnostic methods are used.

a) а Wide statistic materials on the temperatures of some organ for normal and verified disease cases allows to detect abnormality basing on comparing the average temperature of the healthy individuals and the temperature of a examined patient. This method is usually used in conjunction with other methods.

b)  Paired organs (breasts, kidneys, ovaries) are examined by measuring differentials between corresponding sites on their projections, i.e. the sites where the temperature differentials are maximum are found. This method allows to detect thermal abnormality location. The special software is designed for the breast examination. Fig. 12 shows the temperature field of a patient with breast cancer.

When temperature fields are analyzed the following facts should be considered. The abnormality size is always more than tumor size reported by the X-ray examination, ultrasonography and palpation due to the fact that the tissues surrounding a tumor or other source of high temperature are heated as a result of heat transfer.


Fig. 12. Internal temperature field of a 57-year-old patient with left breast cancer (preclinical phase)

c) For lengthy organs (spine, extremities) the temperature differential along examined organ is measured. Fig. 13 shows the internal temperature field of cervical spine.


Fig. 13

d) Comparing the temperature of measured sites and the temperature of surrounding tissue can be used in conjunction with other methods as well as it can be used independently for investigating skin neoplasm.

e) The fact that the thermal methods are absolutely harmless allows to use the methods for the monitoring of the pathological condition dynamics. Figures 14 and 15 illustrate the positive changes while mastitis is treated.


Fig.14. Internal temperature field of a 52-year-old patient with acute mastitis. Before treatment


Fig.15

In conclusion note that the success of radiometric measurement mostly depends on desire of a doctor to obtain reliable data and it increases as the experience is gained. 
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GUIDE FOR RTM-DIAGNOSIS

Launching RTM‑Diagnosis 

To launch RTM‑Diagnosis select Program from the Taskbar Start menu. Then select RTM‑Diagnosis and click on the RTM‑Diagnosis icon. It runs RTM‑Diagnosis.
First Examination

Start dialog box

In the start dialog box you should specify an examining doctor, i.e. choose a user. If you run RTM‑Diagnosis for the first time the User’s name drop-down list contains only Unknown and Manager. The Unknown has no rights. The Manager has all rights. At first you should register a new user. 

User Registration

To register a new user go through the following steps:

1. Choose Manager from the User’s name drop-down list.

2. Then choose Settings – Users – Register new user.

3. Enter a surname of a new user.

4. Enter a password of a new user.

5. Reenter a password of a new user to avoid mistakes.

6. Then select the rights for the new user.

For example select View Examination Data, Print Examination Data, Own Examination Text Data Editing, Own Examination Numeric Data Editing, Own Examination Data Deleting. 

It is enough for a normal user. The Manager has all rights and grants appropriate rights to all users. 

7. Click on the OK button.

The new user is included in the User’s name drop-down list. Select it and type the password in the User’s Identification dialog box. Then press Enter or click on OK. If you type a correct password you obtain the access to the program. 

Choose an organ you want to examine, e.g. Mammary glands. Then click on Primary Examination. 

Common Patient Information

In the opened dialog box you can specify information on the patient, his or her surname, name, etc. To bypass to the next edit field press Tab or just click on an appropriate edit field. Specify a medical card number, home and work phone number, birthday (the year is essential data). Also type a surname of a doctor in the Own Doctor’s Name edit field. If there are several doctors you can include them to the drop list and then select a required doctor. In the next two parts of the dialog box there are data of the current and previous examination. In the Examination Data box the system indicates a date of examination, assigned protocol number, examining doctor and air temperature.

Protocol Number

 The fist four figures of the protocol number identify a user of RTM‑Diagnosis. The following two letters specify an examined organ (e.g. AA specify the breast), the following five figures are a protocol number and the last letter specifies the number of the examination of a particular patient. 

Special Patient Information

After completing the form click on Next. It opens the Special Patient Information dialog box. In this dialog box the doctor types specific information on a patient such as a case history and other additional information. 

You can specify if the patient has thyroid disorders, gynecology disorders, and performed operations on the examined organ. 

In the Note edit field type when the menopause occurred (if it has been occurred) and what medicines the patient takes.

In the Diagnosis edit field type the diagnosis of the patient. Select it from the drop-down list. We recommend to use templates from this list as it is useful for working with the database. 

Then select appropriate options from the following:

· Hormone dependent (i.e. the patient takes any hormones);

· Aggravating heredity (i.e. there has been oncological cases in the patient’ family among women);

· Pain in the left gland or in the right gland;

· Tumor is outside of the gland or it is close to the center;

· Information on the patient constitution (very thin, thin, normal, stout or vary stout);

Type a diameter of the breast in centimeters in the Diam. edit field. Then type a length of the menstrual cycle in days in the Cycle edit field, e.g. type 28, and in the Day edit field type the number of days after the first day of menstruation. The value indicated in the Ovul. field is the deadline for performing an examination, i.e. it must not be higher than the value in the Day edit field. It is best to perform RTM‑Diagnosis on the 6 – 9 day after the first day of menstruation. For the post menopause patient type “m” in the Day edit field. 

Specify the number of pregnancies, childbeds, the age when the patient gave birth to her first child and the result of her first pregnancy. Then type the date of control examination and recommendations on treatment. This information may be specified after the examination. Then click on Next. 

Measurement Dialog Box

The Measurement dialog box allows you to measure the internal temperature. In the Current Temperature field the system automatically indicates a current temperature that displayed on the temperature indicator of the data processing unit. The value in the Mean Temperature field is an average temperature for last four seconds. The number of an examined point and the type of the breast (right or left) are displayed in the Point N and Side fields. 

Also in this dialog box there is an examination scheme. A measured point is blue. If indicator lowers, it means that the temperature gets stable. When the light is green, measure the temperature. To input the data into the computer press the Запись (Record) on the Internal temperature sensor or Enter on the keyboard or click on the Take button. The temperature will be displayed in the corresponding cell and the system will select the next point. When the temperature becomes stable, i.e. the blue indicator lowers the system waits several seconds and gives yellow and then green light. After you can press the Запись (Record) button.

The points are measured in the following order. At first you should measure two points on the sternum. Then measure points on the breasts. Measure the temperature of the right and then left nipple. Then measure the first point on the right breast and the corresponding point on the left breast. Continue in accordance with the measurement scheme. This measurement method allows to reduce the time interval between measuring corresponding points that prevents accidental changes in temperature and therefore increases the accuracy of measurement. The system does not allow to measure the temperature in the next point on the same breast until the current point on the opposite breast is measured.

You can re-measure the just measured point by clicking on Undo and re-measure the point. It may be useful when you feel that the point has been measured incorrectly (e.g. there was noise or you pressed the Запись (Record) button after you took the applicator off the patient.  

Analyzing Management Results

When all points are measured, you can analyze results. For analyzing results the doctor uses a thermogram, temperature field and expert system.

Thermogram

Click on Thermogram. It opens a temperature diagram that represents measured temperature. The thermogram helps a doctor to analyze thermal differentials between corresponding points and dispersion of the temperature within the same breast. The solid black boundaries indicate an average temperature for healthy women of the given age. If any point does not conform to the main trend, it should be re-measured. 

For that close the Thermogram dialog box and return back to the previous dialog box. Select the point that should be re-measured and click on Take. During examination you can review three series of examinations in a thermogram. However you can store only those temperature values that are unblocked (i.e. the background of a cell is white). To unblock a cell click on it. 

The thermogram is useful to observe a temperature differentials between corresponding points. However it is difficult to analyze temperature distribution in one breast. For this purpose a doctor uses a temperature field. 

Temperature Field

Click on Temperature Field. In the temperature field the system draws isotherm-lines through points with the same temperature. To construct the isotherm-lines the system computers an average temperature of all measured points. Then it adds to the average temperature 1.2 degrees and calculates a high bound of the displayed temperature range. To calculate a low bound it subtracts 1.2 degrees from the average temperature.

In the temperature field cold areas are blue, hot areas are red. The color of the background corresponds to the average temperature of healthy women in the given age for the current color scale. Thus if the background is red it means that the average temperature of the current patient is much lower than the average temperature of the healthy women of this age. If background is blue it means that the average temperature of the current patient is much higher than the average temperature of the healthy women of this age. 

To change settings of the temperature field click on Settings. You may select the option to make the temperature field gray scale. It may be useful if you print a temperature field on a black printer as in this case red and blue colors can not be distinguished. In the gray scale image the hot areas are light and cold ones are dark. 

Also in this dialog box you can choose the following options:

· Show temperature value;

· White backdrops for temperature value;

· Show isotherms.

You can choose the method for creating a temperature field. Normally we use a recommended temperature and change deviation value. The temperature interval can be also changed. If temperature dispersion of the patient is higher than 2.4 (C in the bottom of the dialog box the message that the maximum or minimum temperature of the patient is out of temperature range appears. In this case to review the temperature field increase a value in the Deviation edit field. If you need to make a picture more contrast, set a smaller value in the Deviation edit field. To restore a default value click on Set.

To print the temperature field click on Print. Choose a printer and click OK.

If you need to copy a temperature field for inserting it into other applications, e.g. MS Word, click on Copy.
In the temperature field the system displays the temperature for measured points. At other points it computers an approximated value. These values are displayed in the Probable temperature value in the specified point field, when you point out a point by courser displayed as a thermometer. To close the Temperature Field dialog box, click on Close.
Expert System

The doctor makes conclusion after analyzing a thermogram and a temperature field. RTM‑Diagnosis includes an expert system that performs numerical analysis and helps doctor to diagnose. To run the expert system click on the Diagnosis button. It opens six windows.

During our investigation we have selected six key parameters for breast cancer. They are the following:

9. An increased differential between the nipple temperature and the average temperature of the breast.

10. An increased temperature differential between the right and left nipples

11. An increased temperature differential between the right and left breasts

12. An increased mean-square value of temperature differentials of right and left breasts 
13. An increased standard deviation of temperature differentials between the right and left breasts
14. An increased standard deviation of the temperature dispersion within the same breast
Each window is for its own parameter. Parameters of all patients with verified breast cancer are displayed as six 2‑D diagrams. Each patient is represented by a black point. A current patient is represented by red circle. Parameters and their links are selected so as to points are compact in the diagrams. This compact area is called as a "risk area". It is blue. The age related changes in temperature are taken into consideration. 

The expert system evaluates how much the patient is close to the risk area. If a patient’s parameters for all RTM‑parameters of breast cancer locate within the risk area, this patient is similar to the cancer patients. If the current patient is out of the risk area, there are no features of breast cancer. 

Also the expert system performs quantity analysis. There are two methods. 

1. The system compares parameters of the current patient with parameters of the patients with verified breast cancer and selects a patient that is similar to the current patient. Then this patient is displayed in diagrams as a green circle and her protocol number is indicated in the Close Object edit field. For every parameter the system calculates a differential between the parameter of the current patient and the parameter of the selected breast cancer patient. Then these differentials are summed up and this value is indicated in the Mark 1 field. If it is positive it means that parameters of the current patient are worse that the parameters of the selected patient. Therefore the current patient has features of breast cancer.

2. The second method is based on scores. If the patient’s parameter is out of the risk area this parameter gets 0 scores. If the patient’s parameter is in the risk area this parameter gets 9 scores. If a parameter is on the boundary of the risk area it gets from 0 to 9 scores, that depends on how closely it locates to the risk area. Then these scores are summed up and the system calculates an integrate indicator of RTM‑Diagnosis that is displayed in Mark 2 field. In the next field system displays scores for each parameter. The positive integrate indicator of RTM‑Diagnosis says that the patient has features of breast cancer. In this case the background of the field is red.

The clinical trials have shown that the reliability of the Mark 2 is higher then one of the Mark 1. However sometimes the Mark 1 is useful to find a patient having a thermogram that is similar to the current one. More detail information you will obtain during RTM‑Diagnosis practical training.

To leave the Diagnosis mode close the Exert System dialog box by pressing Esc, and then press Esc again or click right to close other six windows. At this stage the examination with the internal temperature sensor is finished.

Measuring Skin Temperature

Click on Next to begin the examination with the skin temperature sensor. This dialog box looks like the previous dialog box, only there is not the mean temperature field. Have measuring all points click on Thermogram to analyze a thermogram. To display internal temperature choose Show internal temperature. The thermogram can be printed. 

To analyze a skin temperature field click on the Temperature field button. The options of creation are similar to the ones of the internal temperature field. The examination is finished. Click on Next.

Conclusion

In the Examination Inference you can type the results of RTM‑Diagnosis in the Doctor’s Inference edit field. The results of the expert system are indicated in the Diagnostic Formula field.  For conclusion you can choose an appropriate template from the Inference templets drop-down list and click on Insert Templet. Then click on Next.

Finish dialog box

In the Finish dialog box you may preview and print the examination protocol. The data will be saved in the database after you click on Finish. If during examination you close the program or click on the Cancel button, all data will be lost. So in this case the system asks you to confirm that you want to close the program. If you click on Yes all data will be lost. Not to close the program click on No or Cancel. 

When you click on Finish, the program will save the data and inform you that all data have been saved in the database. 

Repeated examination mode

Let’s review the Repeated examination mode. Click on the Repeated examination button in the started dialog box. It opens the Examination Data Retrieval dialog box. In this dialog box you may type a protocol number. If you do not know the protocol number click on Find to find a required patient by a patient’s surname or medical card number. Also the system can find all patients with a specific diagnosis (Therefore we recommend to use templates for entering diagnosis.) Also you can review all patients examined by a specific doctor. You can review the whole database or records of last several days, weeks, months or years.

To find a specific patient type first letters of her surname and then click on Find. The system will find all patients with surname started with typed letters. 

To review the whole database click on Find typing nothing in the edit fields. You can sort the list by any field by clicking on its title.

Select an appropriate patent. You may review the protocol of the selected patient by clicking on View Protocol. Then double click on the selected patient or click on OK. 

It opens the Common Information dialog box. The form and the Last examination box are completed. Type the ambient temperature in the Air Temperature during the Examination. 

The next dialog box is completed too. The doctor should correct such information as the first day of menstruation or control examination date.

In the next dialog box the first column is completed. They are the data of the previous examination. So we begin with the second series of measurement. In this case in the thermogram the data are represented by two lines, if you select Show all series. The data of the first examination are a blue line and the data of the current examination are green one. It is helpful to analyze changes that have occurred since the previous examination. 

Click on Next and measure the skin temperature for the second series. Then click on Next again. It opens the Examination Inference dialog box. Click on the proper location in the Inference dialog box and insert an appropriate template. After indicating diagnosis click on Next. The data of the current examination will be saved after you clicking on Finish.

Edit Mode

The Edit mode does not differ from the View mode. The only distinction is that in the View mode you are not allowed to edit data. So we only go through the Edit mode.

In this mode you can type data that you did not indicate during the examination. To save corrected data you should click on the Finish button in the finish dialog box. 

Examination of Other Organs

The examination of other organs is similar to the breast cancer examination. However you have to indicate less special information on the patient. You are allowed not to measure all points. Also RTM‑Diagnosis does not include expert systems for other organs. For pair organs you are required to measure temperature in the corresponding point order. For other organs the method for creating a thermogram is modified a little. 

Setting Menu

We have discussed how to register a new user. Also you can remove a user or change his information selecting Delete User or Change User’s Information from the User menu. However you have to have rights to do it. 

The system allows you to register doctors who perform examination, and then select them from the Doctor’s Name down-drop list. To register a new doctor select Settings from the main menu, then select Doctors and Add Doctor. Type the name of the doctor and click on OK. 

To remove a doctor from the list select Settings – Doctors – Delete Doctor. Select an appropriate name and click on Unregister.

Device Interface Menu

In the Device Interface dialog box you can select the type of connection between the device and the PC. During installation of RTM-Diagnosis, the system automatically sets up the Simulation mode, i.e. the program simulates device operation (a device may be turn off or disconnected). 

To perform examination connect the device to one of parallel ports (COM 1 or COM 2) of your PC, and select it in the Device Interface dialog box. Then click OK. The system will check connection. If the system does not receive response from the device, it reports an error. In this case check to be sure that you select an appropriate port and the device is connected to the PC properly. Then re-click on OK. The Inner Card option is not used presently.

Owner Information Menu 

You can change information on the licentiate of the software, but only if you have a right. You can change the place of examination and the contact information that indicated at the end of an examination protocol (a phone number and a clinic’s address). Also you can add required information. The default contact information is an address and phone number of RES, Ltd.

Database Menu

The doctor often needs to copy the database, for instance, to store it in another PC or to make a backup copy. 

To copy the database select Database from the main menu and then select Create Reserve Copy of the Database File. Select a folder, which you want to save a database file in and click on OK. It saves the database of the selected organ. 

If your database file has been replaced, you have to run the Database – Register Database Changes command. The system checks the database, check the last protocol number, update ini-files and create a report that is saved in the Report folder. It is a text file, the name of which begins with two letters represented the organ and then Change.txt. In the file you can review protocol numbers and changes of the database. Also the system asks you weather it should update diagnostic data. 

The system also allows to save the database as a text file. In this case you can open it with MS Excel for processing.

Examination Menu

This menu includes besides the commands corresponding to the buttons in the start dialog box several other commands. The Delete command allows to remove data on a selected examination. Specify a patient by typing her protocol number or clicking Find. Then click OK. The selected examination will be removed from the database.

Templets 

RTM‑Diagnosis includes a set of routines for examination of the temperature field of several organs such as the breast, kidneys, spleen, liver, stomach, lungs, womb, and some parts of the spine. The system allows to add another template routines for other organs that are supplied by RES, Ltd. 

To add a new template select Examination – Templets – Add New Examination Templet. Select a file of an appropriate template and click Open. 

To remove a template select Examination – Templets – Delete Examination Templet. Select an appropriate organ and click on Delete. 

Exit

To exit RTM‑Diagnosis click on the Exit button.

Some Examples
of Earlier Detection of Breast Cancer

1. Patient K., 58 year old.
02.03.98. Mammography - fibrocystitis mastopathy, fibrous tissue prevails. Scar changes.
02.03.98. CBE - the both breasts with diffuse fibrocystitis mastopathy. The operation scar is solid at some parts. Nodes are not detected. The region lymph nodes are not enlarged. Oncologist diagnosis - diffuse fibrocystitis mastopathy.
04.03.98. RTM-Diagnosis - the thermogram has features of left breast cancer located in the upper inner quadrant.
02.03.98. Biopsy - Erythrocytes. Fat drops.
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Considering RTM-Diagnosis a control examination was ordered in 3 months.
In 4 months.
08.07.98. RTM-Diagnosis - the thermogram has features of left breast cancer located in the upper inner quadrant.
08.07.98. CBE - The left breast has scar changes. Under the areola there is a solid elastic lump of 1 cm in diameter with an enough exact boundary. The region lymph nodes are not enlarged. Oncologist diagnosis: nodal fibrocystitis mastopathy, breast cancer suspicions. 
14.07.98. Biopsy - unstructured masses, isolated leucocytes.
16.07.98. Biopsy - a cancer cytogram. 
16.07.98. Mammography - Fibrocystitis mastopathy, in the fibrous tissue there is a lump of 1.5 cm in diameter with a light boundary. 
Final oncologist diagnosis: left breast cancer. 
2.Patient C., 53 year old.
22.09.97. Mammography - preclimacteric menstrual cycle disorders. Palpation: in the right breast in the upper inner quadrant there is an elastic lump. X-ray: the both breasts with diffuse fibrocystitis mastopathy. Glandular tissue is more solid in the inner quadrants of the right breast. Diagnosis: right breast cyst - ?.
22.09.97. CBE - complaints on solid neoplasm in the right breast from February, 1997. Gynecology - healthy, menstruation is irregular, the premenopause period, Р-1, А-5, В- 0. In April, 1997 the gall-bladder was ablated. Objective: the breast is developed properly. The nipples, areolas are normal. There is not nipple discharge. On the background of moderate fibrocystitis mastopathy in the right breast in the upper inner quadrant there is a solid elastic lump of 3.5 - 4 cm in diameter without an exact boundary. Skin symptoms are absent. The regional lymph nodes are normal. Diagnosis: nodal fibrocystitis mastopathy. Cancer suspicions?
30.09.97. RTM-Diagnosis - the thermogram has features of breast cancer located in the upper inner quadrant.
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22.09.97 - 30.09.97. Biopsy - a glandular solid cancer cytogram.
30.09.97. Final diagnosis: right breast cancer.
2. Patient P., 58 year old.
16.01.97. Mammography – on the border of outer quadrants in the left breast there is a irregular lump of 3.5 cm in diameter. The breast structure is changed diffusely. The skin and areola are incrassate. Diagnosis: infiltrating cancer of the left breast.
16.01.97. CBE – complaints on a painful lump in the left breast. It was noted by patients two days ago. The temperature was 38?С.
Objective – the left breast has serious hyperemia, it is inflammative, the nipple is retracted. On the border of the outer quadrants there is a large infiltrate, palpation is painful. In the left axillary region an enlarged lymph node is palpated. Diagnosis: acute mastitis. 
16.01.97. RTM-Diagnosis - the thermogram has features of left breast cancer.
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In five months the patient had repeated RTM-Diagnosis.
03.07.97. RTM-Diagnosis - the thermogram has features of left breast cancer located in the lower outer quadrant.
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In this case (Patient P, 58 year old) there are positive changes resulted by the treatment of acute mastitis, however diagnosis is not changed - the thermogram has features of left breast cancer.
In 1997 the patient complained on strong pain in the left breast, in August, 1997 she was operated as a result of chronic mastitis.
Plan histology detected ductal cancer. 
3. Patient Z., 49 year.
09.12.97. Mammography - Complaints on hardening and pain in nipple.
BE - a solid lump in the right areola close-fitting to it.
X-ray - diffuse fibrocystitis mastopathy. The structure of the lump can not be detected as a result of glandular triangle. The patient is directed to an oncologist, biopsy guided by palpation in order to exclude the existing process.
10.12.97. CBE - complaints on a solid mass under the right nipple close fitting to the nipple. Objective: there is a solid glandular lump under the right nipple. Diagnosis: nodal fibrocystitis mastopathy of the right breast. (R - Susp.)
10.12.97 - 17.12.97. Biopsy - № 1- there are destroyed cells in erythrocyte groups. № 2 - erythrocytes, separated cubic epithelium cells.
17.12.97. RTM-Diagnosis - the thermogram has features of breast cancer.
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09.01.98. Final oncologist diagnosis: nodal fibrocystitis mastopathy of the right breast. (R - Susp.)
Extract from the case history #7401.
Patient Z., 49 year old, was treated in the Oncology Surgery Department of the Ostroumov Municipal Hospital #33 from 16 March to 6 April 1998. She was diagnosed with right breast cancer, 1st., T1N0M0.
The diagnose was made after plan histology after central resection performed on 3 March 1998. The Patient was hospitalized repeatedly.
20 March 1998 the patient had radical Paity mastectomy of the right breast.
Histology #16813-822 and 22086-105: infiltrative lobular breast cancer of less than 0.5 cm in diameter. 
4. Patient Yu., 48 year old.
3.10.97. Mammography - on the background of tissue remainders in the left breast, in the upper outer quadrant there is a lump with small and micro-calcinators of 3.8x3.5 cm. Diagnosis: nodal mastopathy with calcinators, cancer suspicions.
3.10.97. CBE - complaints on a painful lump in the left breast. It was noted a month ago and since then is has been increasing. Objective: the beasts are small, the nipples and areolas are normal. Moderate fibrocystitis mastopathy. A solid lump of 1.5 cm without an exact boundary is palpated in the upper outer quadrant. In the upper outer quadrant a movable lump of 3 cm without an exact boundary is palpated. There are not any skin symptoms. In the left axillary region there is a round solid lymph node of 1.5 cm. Diagnosis: Cr mam.sin. IIIb T3N1M0.
3.10.97. Cytology - 1) Erythrocytes, lymphocytes, destructurally changed elements, stromal elements of the fibroplast type. Cancer elements are not detected. 2) Erythrocytes, destructural mass, proliferative cubic epithelium cells in which there are some large cells that may be cancer cells. The lymph node – erythrocytes, lymphocytes of different age. Cancer elements are not detected. 
3.10.97. RTM-Diagnosis - There are not features of breast cancer.
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3.04.98. Mammography - on the background of bilateral diffuse fibrocystitis mastopathy on the border of the left upper quadrants there is a part of many micro-calcinators with a lane to the nipple. The diameter of the part is ? 3.5 cm. The previous mammogram was not shown. Diagnosis: Neo mam.sin.
CBE - left breast cancer T3N1M0 (dynamics is absent). 
28.02.2000. Mammography - fibrofat involution, fibrous component in the both breasts. There are small and micro-calcinators in the left breast.
28.02.2000. Consultation with a professor - in mammograms in the left breast there are many macrocalcinators in the area of 6x3 cm. Nodes are not detected. Skin is normal. Palpation – micromastopathy, nodes are not detected, the lymph nodes - abs, there is not nipple discharge.
Final diagnosis: moderate fibrocystitis mastopathy.
5. Patient Е., 66 year old.
24.12.97. Mammography - bilateral fat involution, nodes are not detected. A fibrous lane from the left indrawn nipple.
24.12.97. CBE - the left nipple was indraw for 2 year, as the patient said.
Gynecology - mioma - 1971г. Objective: the left nipple is indrawn. It can not be pull out, there is a lump without an exact boundary on the border of the outer quadrants. The regional lymph nodes are normal. Diagnosis: ductal left cancer suspicions.
24.12.97. RTM-Diagnosis - the thermogram has features of left breast cancer.
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24.12.97. - 14.01.98. Biopsy - erythrocytes, fat drops.
26.02.98. Final oncologist diagnosis - Susp. bl. mam. sin. (ductal cancer), the patient was hospitalized to the Municipal Hospital #62 for sector resection. 
08.04.98. In the Municipal Hospital #62. Diagnosis - left breast cancer; radical mastectomy of left breast was performed.
6. Patient K., 35 year old.
29.05.98. Mammography - in the left breast on the border of the outer quadrants there is a lump of 2.5x1.5 cm with an even, at some parts inexact boundary. Diagnosis: localized fibrocystitis mastopathy? Cyst?
29.05.98. CBE - complaints on pain in the breasts for two weeks, a lump in the left breast. Objective - fibrocystitis mastopathy of the breasts. In the left breast on the border of the outer quadrants there is a solid, palpated lump of 3x4 cm with an enough exact boundary. There are not skin symptoms. The regional lymph nodes are not enlarged. Diagnosis: Nodal fibrocystitis mastopathy.
29.05.98. RTM-Diagnosis - the thermogram has features of breast cancer located on the border of the outer quadrants.
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29.05.98- 2.06.98. Biopsy - cytologycally - proliferative mastopathy, cancer suspicions. 
02.06.98. Final oncologist diagnosis: left breast cancer suspicions.
7. Patient L., 44 year old.
19.01.98. Mammography - on the background of bilateral fibrocystitis mastopathy in the right breast on the border of the outer quadrants there is an oval lump of 3.0 in diameter with an inexact boundary at some parts. Diagnosis: a cyst in the right breast, cancer suspicions.
19.01.98. CBE - complaints on a solid mass in the right breast, noted in September 1998. Gynecology - healthy. Objective - in the right breast near the areola, on the border of the outer quadrants there is a solid elastic lump of 3 cm in diameter. Skin symptoms are absent. The regional lymph nodes are normal. Diagnosis: nodal fibrocystitis mastopathy.
23.01.98. RTM-Diagnosis - the thermogram has features of right breast cancer located in the lower outer quadrant.
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19.01.98 - 29.01.98. Biopsy - a cancer cytogram.
23.01.98. Repeated mammography - in guided and side mammograms there is a lump without an exact boundary. Diagnosis: right breast cancer suspicions.
Final oncologist diagnosis: right breast cancer, IIb T2N0M0.
8. Patient K., 45 year old.
10.12.97. Mammography - bilateral diffuse fibrocystitis mastopathy. R-control - November 1998.
27.02.98. CBE - solid breast. Nodes are not detected. Diagnosis: more intensive diffuse fibrocystitis mastopathy in the right breast.
27.02.98. CBE - complaints on pain in the right breast. Gynecology - menstrual cycle disorders. Objective – in the right breast in the lower outer quadrant near the areola the skin is retracted for several years. Bilateral fibrocystitis mastopathy. In the right breast, where the skin is indrawn more solid mass without an exact boundary is palpated. Diagnosis: right breast cancer suspicions.
27.02.98. RTM-Diagnosis - the thermogram has features of right breast cancer. The examination was conducted on an incorrect menstrual cycle day.
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27.02.98 -3.03.98. Biopsy - erythrocytes, gemosiderofages, separated cubic epithelium cell groups, complexes of polimorphous cancer cells.
03.03.98. Repeated mammography - in the pictures guided to the palpated lump there are two parts of nodal mastopathy of 1.5 cm with inexact boundaries. Right breast cancer suspicions. 
Final oncologist diagnosis: right breast cancer.
9. Patient P.,47 year old.
Ultrasound - Bilateral diffuse mastopathy, in the left breast in the upper outer quadrant there is a part of high geterogeneity with a cyst of 5 mm in diameter (the square of the area is 14x10 mm) - mastopathy changes, other pathologies are not detected.
Mammography – in the left breast on the background of diffuse fibrocystitis mastopathy on the border of inner quadrants there is a micro-calcinator group and there are two groups near the areola. Diagnosis: left breast cancer suspicions.
RTM-Diagnosis - the thermogram has features of left breast cancer.
[image: image26.png]War w3otepn- 0.080°C
Npasas MX fesas MK

3492 3508 3524 3540 3556 3572 3588 3604 3620  36.36 3652

Temnepatypa[°C): muuumManenas- 35.1, cpeamsis- 35.7, MakcumanbHas- 36.5





Biopsy - cancer with cricoid cells.
Preliminary diagnosis - bilateral mastopathy.
Final diagnosis: left breast cancer, IIA T2N0M0.
The patient had subtotal radical resection of the left breast with plastics and radiotherapy.
Histology - K-15867-91: Invasive ductal cancer, ductal component prevails, II stage (6 balls). 
Postoperative diagnosis: left breast cancer IIA T2N0M0.
11. Patient E., 53 year old.
Mammography – in the right breast in the upper outer quadrant there is a fibroadenoma of 2.5 cm with an inexact boundary. Diagnosis: right breast cancer suspicions.
RTM-Diagnosis - the thermogram has features of breast cancer located in the upper outer quadrant. 
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Biopsy - cancer with mucus.
Final diagnosis: right breast cancer, IIb T2N1M0.
12. Patient M., 52 year old,
6.07.98. Mammography - on the background of fibrocystitis mastopathy in the left breast in the upper inner quadrant there is an irregular lump without an exact boundary. Diagnosis: left breast cancer suspicions.
6.07.98. CBE - gynecology - myoma of the uterus for 17 weeks. Objective: in the left breast in the upper inner quadrant there is a solid elastic lump of 2 cm in diameter with an enough exact boundary. Diagnosis: cyst (Rg.- Susp.BL.mam.sin).
10.07.98. RTM-Diagnosis - the thermogram has features of left breast cancer located in the upper inner quadrant.
[image: image28.png]War w3otepn- 0.080°C
Npasas MX fesas MK
34.6;

3420 3436 3452 34568 3484 3500 3516 3532 3548 3564  35.80

Temnepatypa[°C): muuMManeHas- 34.4, cpeamsis- 35.0, MakcumanbHas- 35.9





10.07.98. Biopsy - a cancer cytogram.
Final oncologist diagnosis: left breast cancer, T1N0M0 Ib stage.
13. Patient R., 62 year old.
Mammography - on the fibrous background in the right breast there is a lump. Diagnosis: nodal fibrocystitis mastopathy, right breast cancer suspicions.
CBE - in the right breast in the upper outer quadrant there is a lump of 2.5 cm in diameter. Diagnosis: nodal fibrocystitis mastopathy, right breast cancer suspicions.
RTM-Diagnosis - the thermogram has features of right breast cancer located on the border of the upper quadrants.
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Biopsy - fat drops.
Repeated biopsy - proliferative mastopathy.
Postoperative diagnosis: right breast cancer, T1N1M0 Ia stage
Chapter III USE OF RTM‑01‑RES INTEGRAL INTERNAL TEMPERATURE DIAGNOSTIC COMPUTER BASED RADIOMETER FOR BREAST CANCER DIAGNOSIS

(DOCTOR’S MANUAL)

 This Doctor’s Manual covers abilities of the RTM‑01‑RES integral internal temperature diagnostic computer based radiometer to detect breast cancer and other breast diseases at their earlier stages. The method is based on measuring natural electromagnetic radiation emitted from a patient’s tissues. It allows to detect changes in breast temperature. It detects a temperature differential as well as an absolute temperature. Also Doctor’s Manual covers basics of radiometry, a breast examination method, RTM‑features of breast cancer with drafts. Doctor’s Manual is intended for radiologists, oncologists, gynecologists, and surgeons.

Doctor’s Manual is prepared by specialists of the Mammology Branch of the Clinical Radiology Department of the Russian Medicine Academy of Professional Development and the Moscow Mammology Health Center, Dr. Burdina L.M., Dr. Haylenko V.A., Dr. Kizaev E.B., Ph.D. Haylenko V.A., pH. Legkov A.A., Ph.D. Pinhosevich E.G., Ph.D. Mustafin Ch. K., Ph.D. Vaysblat A.V., Ph.D. Vesnin S.G. Tihomirova N.N.
Introduction

The earlier detection of breast cancer is a major problem for the medical community. In some countries breast cancer is the leading cause of the death for women. In the USA one in every 10 women will experience breast cancer during her lifetime.

Palpation, mammography, or ultrasonography detect anatomical changes in the breast. RTM‑Diagnosis detects physiological changes in the examined organ (temperature changes in some areas). RTM‑Diagnosis detects internal temperature fields of organs. The temperature changes that may be caused by inflammation or increased cell metabolism, accompanying degeneration of tissues, precede to the anatomical changes that can be detected by palpation, mammography, or ultrasonography. Therefore RTM‑Diagnosis has a potential ability to detect cancer at its earlier stage.

The breast cancer lifetime consists of preclinical and clinical phases. At the preclinical stage cancer can not be detected by traditional methods.

The growth rate is represented by a tumor “doubling time” (a time required for doubling mass or number of cells). Despite that the DT varies widely, the tumor growth is always represented by an exponential curve, i.e. the doubling time is a constant for a specific patient.

The specific heat generation is inversely proportional to a DT, therefore the most dangerous tumors with a short DT are “hotter”, and so they are detected by RTM‑Diagnosis first of all. Thus RTM‑Diagnosis has a unique ability to detect fast growing tumors. Using RTM‑Diagnosis in conjunction with other diagnostic methods allows to select patients with fast growing tumors (short DT). According to current data these patients are a quarter of all breast cancer patients.

Method Benefits and Side Effects

Benefits

RTM‑Diagnosis can be performed for patients of all ages and with widespread diseases.

Therefore the doctor can perform an examination repeatedly, monitor the disease dynamics as well as effects of radiation and drug therapies.

Side Effects

The method detects natural electromagnetic radiation from the tissues, so it is absolutely harmless for the patients as well as for the medical personnel. Therefore there are no side effects.

Technical Basis of Method

15. The RTM‑01 radiometer is a null‑radiometer with the slipping circuit for compensating reflection between the antenna and the object. The device scheme is protected by the patent #2082118 of the Russian Federation.

The Commission on Devices and Technical Support of Oncology and Medical Radiology of the Committee on New Medical Techniques of the Ministry of Public Health and Medical Industry of the Russian Federation recommends the serial production and the use of the radiometers, developed by RES Ltd., in medical practice. The refined name of the radiometer is “ the RTM‑01‑RES computer based radiometer for measuring the integral internal temperature of soft and bone tissues.”

Д –В. Code‑ 94 4125 0003. Code – ОКДП (ОК 004‑93) 3311222.

КЧ – 04.

Name – RTM‑01 Medical Radiometer

ID Number ‑ ТУ 9441‑001‑39549185‑98 (ДКГП.942232.001 ТУ).

The device is manufactured and sold by RES, Ltd. (22, Bolshaya Pochtovaya, Moscow, 107082, Russia)

For receiving natural electromagnetic radiation the antenna contacts the skin at a point‑projection of the examined organ or its part.

16. The device specifications are the following:

Items
Specifications

Thermal abnormality (i.e. lower or higher temperature) is detected at depth of, cm
3 ‑7 (depending on water content tissues)

Accuracy of measuring the averaged internal temperature, when the temperature is 32 ‑ 38 (С, (С
( 0,2

Time required for measuring internal temperature at a point, seconds
15

Antenna diameter, mm
39

Accuracy of measuring the skin temperature, (С
( 0,2

Time required for measuring skin temperature at a point, when the temperature is 32 ‑ 38 (С, seconds
1

Skin temperature diameter, mm
12

Device mass, kg 
4

Power supply
220 ( 22 Volt, 1 phase, 50‑60 Hz

Power consumption, Watt 
20

The radiometer can be used with a PC (fig. 1). RTM‑01 is interfaced to a computer by RS‑232.
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Fig. 1.

The device set includes the following items:

· Internal temperature sensor with antenna (ITS);

· Data processing unit (DPU);

· Skin temperature sensor (STS);

· Cables.

If a PC is used the device set includes the following extra items:

· PC (SIЕMENS NIXDORF SCENIC PRO D5 (C5));

· Color printer, A4.

The simplified scheme of the complete device set is illustrated in Fig. 2.
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Fig. 2.

17. Device Operation.

The antenna contacts the skin at a investigated point and receives natural electromagnetic radiation as power that is transmitted to the ITS. In the ITS the signal is amplified until it can be processed and converted to low frequencies.

After that the low frequency signal representing information on the internal temperature is processed in the DPU and the averaged temperature is displayed as a 3‑digit number on the temperature indicator located on the DPU.

The signal received by the skin temperature sensor is transmitted to the DPU, where it is processed in the same way.

The skin‑internal temperature switch is the sole controller on the device besides a power switch.

There are not external regulators on the device in order for simplifying a doctor’s work. 

18. The radiometer has some hardware advantages. Due to its scheme RTM‑01 measure temperature differentials and absolute temperature with high accuracy. The device does not require calibration testing.

The device scheme allows to compensate reflection between the antenna and the bioobject.

19. The RTM‑Diagnosis software allows a doctor to:

· Store and process patients data, anamnesis and other additional information;

· Automatically transfer the internal and skin temperature data to the computer;

· Display the measurement results as a diagram;

· Create internal temperature fields;

· Create and print out an RTM‑examination protocol including the patient’s data, anamnesis, a thermogram, an internal temperature field, a conclusion on the possible disease, and other data.

Also the RTM‑Diagnosis software includes a diagnostic expert system that compares the current patient’s thermogram with the verified breast cancer thermograms and makes a conclusion.

20. The thermogram, where the numbers of the points go along the horizontal axis and the internal temperature values are along the vertical axis, represents actual data of the temperature distribution. Imaging the data in such manner is not obvious enough, as the measured points are displayed along a line, but in reality they may be located along a circuit (breast) or other geometry, depending on the investigated organ.

Obtained temperature data may be displayed as an internal temperature field, on which measured points are marked and isotherm lines are drawn through points with the same temperature.

In these fields temperature abnormalities that, in particular, correspond to malignant tumors are displayed well. (Fig. 5c).

For a gray scale image sites with high temperature are displayed by light colors and sites with low temperature are displayed by dark colors.

For a color scale image sites with high and low temperature are displayed by warm (red) and cold (blue) colors respectively. 

The size of the temperature is larger then the size of the malignant tumor reported by mammography, as surrounding the tumor tissues are heated due to heat transferring and neuro‑humoral links. Therefore the resolution of the method does not contradict to sizes of investigated thermal abnormalities.

Technical Requirements for RTM‑Examinations

RTM‑Diagnosis must be conducted in the diagnostic room complied with the following requirements:

1. The room area must be 10 – 18 m2. Lower floors are preferred, as the external noise level is lower. 

2. The room temperature must be 20…24(C for reliable work of the device and  patient convenience. When the device is used in hot climate regions, air‑conditioners must be set up to provide this temperature.

3. Fluorescent lighting must not be used in the room. Incandescent lamps must provide illumination of about 100 lux.

4. In the room there must be four sockets grounded and complied with Class 1. The radiometer and the PC must be connected to separated sockets. The distance between a PC and a patient must be more than 1.5 m.

Method Description

The RTM‑method is based on measuring the internal tissue temperature of investigated organs, in particular, the breast.

For this purpose natural electromagnetic radiation from the internal tissues that is proportional to the temperature of the tissues is measured. Infrared or liquid crystal thermographs measure the skin temperature (epidermis). This temperature relates to the internal temperature marginally.

Comments

· A menstrual phase influences on the temperature distribution in the breast. The examination must be performed on the 6‑9 day from the beginning of the menstrual period. Menopause women can be examined at any time.  

· Palpation can influence on the temperature distribution in the breasts, so it must follow RTM‑Diagnosis.

· The temperature distribution is effected by hormone therapy, drugs, and contraceptives.

· The work antenna surface must be wiped with an alcohol tampon before every examination.

· The examination technique must not be varied and must comply with the recommendations defined below. 

The radiometer may be used in the following modes:

· computer based mode;

· manual mode (in this case a PC is not used, obtained data are marked in the thermogram manually and if it is necessary they may be input into a computer manually for analysis);

The breast temperature is measured at the centers of the quadrants, at the borders between the quadrants, at nipple points and lymph node points – a total of 20 points. (Fig. 4)

Examination Scheme of Breast

0 – nipple

1 – border between upper quadrants

2 – upper inner quadrant

3 – border between inner quadrants

4 – lower inner quadrant

5 – border between lower quadrants

6 – lower outer quadrant

7 – border between outer quadrants

8 – upper outer quadrant

Fig. 4

To measure the temperature, go through the following steps:

1. Turn on the radiometer and the PC. Launch the RTM‑Diagnosis software. The equipment must be heated for 15 minutes.

2. While typing the patient’s general data (a surname, a history number, anamnesis), say some words about the method to the patient, point out that it is absolutely harmless for her. Especially it is necessary, if a patient is nervous and is afraid to be diagnosed with cancer.

3. The patient must lay on the back with her hands behind her head. The breasts are flattened and distribution of the measured points is more convenient for performing the procedure.

4. For 20‑30 seconds contact the antenna work surface with the patient’ skin at the point of the solar plexus projection in order to the antenna be heated to the patient skin temperature and during further measurements the patient not feel cold that can affect a measurement accuracy. 

5. Contact the antenna work surface with the right nipple. Do not press very much, but the entire antenna surface must contact the skin (a visual control).

Substances for improving antenna contact with the skin as they are used in ultrasonography are not required.

The internal temperature sensor must be perpendicular to the surface, as obtained data depend on the antenna slope angle.

Check to make sure that a current measured point displayed on the monitor is the same that you are measuring (right nipple). 

In 10‑15 minutes, once the temperature gets a stable value, the sound signal and the scheme displayed on the monitor will alert you.

Press the ЗАПИСЬ (Record) button on the ITS or Enter on the keyboard.

Contact the antenna with the left nipple and repeat the procedure.

The scheme displayed on the monitor prompts a doctor a current measured point. Once you have measured the first point on the right breast, measure the same point on the left breast, and so on.

6. Once the measurement is complete, review the thermogram. If it is necessary re‑measured the temperature at uncertain points.

To check the reliability of the results measure the temperature at the right and left nipple repeatedly. If the results differ from the first data to ( 0.5(C, repeat the whole procedure.

7. Obtained data can be displayed on the monitor as

· Temperature table (Fig. 5a)

· Thermogram (Fig. 5b)

· Internal temperature field (Fig. 5c)

· Risk group scheme (Fig. 5d) showing how much a current patient’s parameters are close to the risk areas created basing on verified breast cancer thermograms.

· Numeric estimate how much a current patient is close to the risk group.



a)
b)


c)
d)

Fig 5

The data may be printed out. The protocol of RTM‑examination is represented in Attachment 1.

8. Breast cancer is accompanied with the higher temperature due to increased metabolism of tumor cells.

There are the following RTM‑features of breast cancer:

· Increased thermal differentials between the corresponding sites on the left and right breasts.

· Increased differential between sites on the same breast.

· Higher dispersion of the temperature differential between the left and right breasts.
· Higher standard deviation of differentials between corresponding sites on the left and right breasts.
· Differential between the nipple sites on the left and right breast.

· Higher nipple temperature in the damaged breast in comparison with the average breast temperature. The age‑related changes must be considered.

9. All verified breast cancer thermograms are stored in a computer. The RTM‑features of breast cancer defined above are represented by numeric values. Parameters of all patients with breast cancer are displayed in six 2‑D diagrams. Each patient is represented by a point. The mathematical representation of RTM‑features is selected so as to points are compact in the diagram. This compact area is called a "risk area". The average breast temperature goes along horizontal axis. Age‑related changes in temperature are considered. (Fig. 5d).

If a patient’s thermogram for all RTM‑features of breast cancer locates within the "risk area", this patient is similar to the cancer patients and the software, basing on processing results, gives a massage that the patient has breast cancer.

The reliability of these results increases as data are being collected. The results processing that is based on the six criteria makes the diagnostics more reliable.

10. Consider RTM‑features of some cancer types. Ductal cancer is accompanied with a considerable increase in nipple temperature (1‑1.5(C) as well as a significant thermal asymmetry at one point. (Fig 6.).
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Fig. 6

Inflammatory cancer is accompanied with a 1‑1.50 С increase in the temperature of the most part of the damaged breast. (Fig. 7)
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Fig. 7

The same conditions accompany acute mastitis. However the fact that the method is harmless, if there is any suspicion of this disease, the patient may be treated with drugs and then the RTM‑results obtained before and after treatment may be compared. (Fig. 8)
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a) Before treatment
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b) After treatment

Fig. 8

11. RTM‑features are more obvious, when fibrous fat involution exists, as transmission loss is less and so a thermal differential increases.

Thin patients have a higher average temperature, so a thermal asymmetry (temperature differential) is less. In these cases the RTM‑Diagnostic software may help.

12. Making conclusion a doctor should consider 

· Thermogram;

· Internal temperature field

· Diagnostic expert system conclusion.

Method Benefits

Using new diagnostic methods, in particular, radiometric methods in medicine in conjunction with the traditional methods (clinical breast examination, mammography, ultrasonography, needle biopsy) is very useful.

Clinical trials of the device has been conducted at three medical centers of Moscow: the Branch #1 of the Moscow Mammology Health Center, the Municipal Clinical Hospital and the Blohin Oncology Science Center of Russian Science Academy of Medicine. The clinical trials carried out in 900 patients show that the method has a high sensitivity for breast cancer diagnosis (~90%), the method allows to repeat the procedure, monitor the disease dynamics and choose an appropriated treatment. These features are main advantages compared with mammograph‑PC. The device has worked at the Mammology Health Center as well as at leading Moscow Oncological Centers. For this period 2000 patients have been examined.

The expert system allows to estimate the conformity of a current patient’s thermogram to various verified pathologic thermogram. The method sensitivity for breast cancer diagnosis is 90%, an accuracy is 84.8%, and a specificity is 78.6%.

The RTM‑01‑RES internal tissue temperature computer‑based radiometer is recommended for using in medicine practice for screening at consulting and oncology rooms and at specialized oncology and mammology centers for detection of breast cancer and the monitoring of treatment.

Attachment 1

RTM‑Diagnosis Room Equipment and Suppliers

№
Item
Number
Purpose

1.
RTM‑01 medical radiometer
1
Perform RTM‑Diagnosis 

2.
PC and printer
1
Process results

3.
Screen
1
Enclose a patient

4.
Bed 
2
For a patient

5.
Table
2
For equipment and a doctor

6.
Chairs
2
For a doctor and a patient

7.
Peg 
2
For a doctor's smocks and a patient’s clothes

8.
Filing cabinet
1
For documents

9.
Washbowl with hot and cold water
1
For a doctor

10.
Room thermometer  0 ‑ 50( С
1
Monitor room temperature

11.
Pillow
1


12.
Pillow case 
2


13.
Sheet 
2


14.
Oil‑cloth medical, 1 m
2


15.
Garbage can
1
For rubbish

16.
Alcohol 

Disinfect an antenna 

17.
Cotton wool or gauze

Wipe an antenna

Chapter IV Clinical Trial Protocols

Clinical Trial Protocol of Scientific Research Blokhin 
Institute of Clinical Oncology

Approved  by
the Chief of Scientific  Research Blokhin
Institute of  Clinical Oncology,Doctor of
Medical Science, M.I.Davidov  
14 May, 1998

Clinical Trial Protocol of the RTM-01 Radiometer,

Developed by RES Ltd

Over the period from February 10th to May 14th, 1998, the clinical trial of the RTM-01 radiometer, developed by RES, Ltd. was conducted at the Blokhin Scientific  Research Institute of  Clinical Oncology. The trial was in the diagnostic and surgical department.

1.  The Purpose and Methods of the Trial

The purpose of the trial is to estimate the ability to use the RTM-01 radiometer in medical practice. In this case the ability to detect breast cancer was checked.

The RTM-01 №092 radiometer was chosen for the trial. The RTM-01 radiometer is a modulated null-radiometer with a slipping circuit for compensating the reflection between the biological object and the antenna.

The device scheme is protected by the Russia patent #2082118.

The device operation bases on measuring the intensity of natural electromagnetic radiation from a patient's internal tissues at microwave frequencies.

Radiation is received by antenna, which is set on the projection of the organ examined. Diagnostics of disease bases on analyzing a thermal abnormality (increase or fall in temperature of tissues in comparison with the temperature of surrounding tissues).

The cause of the thermal abnormality, in the case of breast cancer, maybe an increase in internal tissue temperature, which accompanies increased cell metabolism in the area of the tumour.

The basic medical and technical parameters of the RTM-01 radiometer are the following:

· Thermal abnormality is detected at the depth - 3….5cm;

· Accuracy of measuring the averaged internal temperature - (0,20C;

· Time of measuring at a point - 15s;

· Antenna diameter - 39mm;

· Power consumption from 200V 50Hz network – 20Watt;

· Weight of the basic set - 4kg.

Temperature data are displayed as a three-digit number on a panel with discreteness of 0,1 0C.

The radiometer may be connected with PC computer, using serial port, or temperature data may be input into computer manually.

Software for storing data of patients, a brief anamnesis, displaying and processing the results of measurements was supplied.

Patients were examined on 6-9 days from the first day of their menstruation period.

The temperature of the breast was measured according to scheme, which is represented in Appendix. The temperature was measured at nine points and at lymph node points.

Tested patients lay on the back with the hands behind the head in order to normalize the arrangement of the measured points and increase the total accuracy of measurement due to the breast was flattened naturally in this position. Also a physician could measure the temperature at lymph node points in this position.

Radiometric examinations were carried out independently on clinical, x-ray and histological examinations. Diagnostic software was used to analyze the results of measurement and to diagnose. The diagnosis of breast cancer based on the comparison of the internal temperature field of a current tested patient with internal temperature fields of verified breast cancer patients. The average temperature of the breast, temperature diversity within one breast, thermal asymmetry between the breasts and other characteristics (total 6) were under consideration.

Once the trial was complete the radiometric results were compared with the result of histology.

2. Results of the Trial

A total of 81 women were examined with the help of the radiometer.

According to the histology results 48 women were diagnosed with breast cancer.

According to the radiometric results 43 women were diagnosed with breast cancer (true positive diagnosis TP).

Five women diagnosed with breast cancer had no enough radiometric features (RTM-features) of breast cancer (false negative diagnosis FN).

27 women diagnosed with non-oncologic disease had no RTM-features of breast cancer according to radiometric results (true negative diagnosis TN).

Six women diagnosed with non-oncologic disease had RTM-features of breast cancer (false positive diagnosis FP).

3. Resume

2. The RTM-01 radiometer has small dimensions, weight and power consumption. It can be easily transferred within a hospital.

3. It is easy to operate the RTM-01 microwave radiometer. There are no external adjustment elements on the device.

4. The utilization of the device is absolutely harmless for patients of any ages and with any diseases as well as for physicians. So examinations may be repeated to analyze dynamics of disease.

5. The device was used for more than 100 hours. Over this period there was no failures.

6. The sensitivity of the method (detective ability of breast cancer) is:

TP/(TP+FN) x 100% = 43/(43+5) x 100% = 89,6%

The accuracy of the method is:

(TF + TN)/(Studies number) x 100% = (43+27)/81 x 100% = 86,4%

The specificity of the method is:

TN/(FP+TN) x 100% = 27/(27+6) x 100% = 81,8%

7. Imaging when temperature values are linked with measured sites and isotherm lines are drown through sites having the same temperature help physicals to diagnose.

4. Conclusion

The RTM-01 radiometer developed by RES, Ltd. can be recommended to be used in medical practice for screening at consulting and oncology rooms and at specialized oncology and mammology centers for detection of breast cancer and monitoring of treatment.

      The serial production of the device is recommended. 

Signed by:

Head of diagnostic and surgery department

Doctor of Medical Science, Professor, Komov D.V.

Doctor of Medical Science, Professor, Hailenko V.A.

Appendix: Protocols of radiometric examinations (3 protocols).

This is a translation, the original is in Russian.

 Examination protocol # 001АА00940А
Name
D.T.Sh.
Age:
21 year old
History#


Place
SRI CO
Doctor:
Polykarpova S.B..

INTERNAL TEMPERATURE FIELD

THERMOGRAM
Diagnosis:
No RTM-features of breast cancer.

D.T.Sh., 21 year old, had a clinical examination in the Blokhin Scientific  Research Institute of  Clinical Oncology.

 Diagnosis - fibrocystic mastopathy. 

Examination protocol # 001АА00975А
Name.
K.M.G.
Age:
57 year old
 History#
98/7792

Place
SRI CO
Doctor:
Polykarpova S.B.

INTERNAL TEMPERATURE FIELD


THERMOGRAM

Diagnosis:
The thermogram shows the RTM-features of right breast cancer.

Extract from the history

#98/7792

K.M.G., 57 year old, was treated from 1th April to 13th April, 1998. She had been diagnosed with right breast cancer T2N1M0 IIA stage. The type of growth is multicentric.

A tumor on the right breast was being observed for two weeks. Cytology 22665-1# - cancer cells. There is a tumor of 3(2cm in the upper outer quadrant of the right breast. The tumor is solid, not very movable, without a fixed boundary.

There is a tumor of 1cm diameter in the nipple. There is no cancer cells in the lymph nodes.

Hystology 4037/98# - there are two tumor of 1 and 1,5cm. The type of cancer is inflomantary cancer, there are metastases in one lymph node.

Examination protocol  # 001АА00957А
Name
M.M.I.
Age:
43 year old
History #
98/6609

Place
SRI CO
Doctor :
Ignatenko M.B.

INTERNAL TEMPERATURE FIELD
THERMOGRAM 

Diagnosis:
The thermogram shows the RTM-features of right breast cancer

Extract from the history 

#98/6609

M.M.I., 43 year old, was treated in the SRI CO from 24thMarch to 17thApril, 1998. She was diagnosed with right breast cancer T2N1M1 II b stage.

There is a solid fixed tumor of 4(3cm on the border of the upper quadrants.

Hystology 3672# - inflamantary ductal cancer, metastases are in five lymph nodes.

Clinical Trial Protocol of №1 Branch of the Moscow Mammalogy dispensary

Approve
Approve

President of Moscow 
Association "Mammalogy" Chief expert on Mammalogy                                

of Moscow Department of Health,
Professor of RMAPO

Chief doctor of №1 

Branch of the Moscow Mammalogy dispensary

Honored doctor of Russia
Doctor of Medical Science

E.G. Pinkhosevitch
L.M. Bourdina
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Clinical Trial Protocol  of the RTM‑01 Microwave Radiometer Developed by RES Ltd.

Over the period from January 21 to March 31, 1998, at the Oncologic Department of Moscow Branch № 1 of the Mammalogy Dispensary clinical trial of the RTM-01 microwave radiometer, developed by RES Ltd., was carried out.

The Purpose and Methods of the Clinical Trial

The purpose of the clinical trial is to estimate the ability to use the RTM-01 microwave radiometer in medical practice.

To carry out the clinical trial the RTM-01 0021 microwave radiometer was chosen. It consists of:

· sensor to measure the temperature of the internal organs with an antenna for detecting natural electromagnetic radiation (RS block)

· skin temperature sensor 

· processing unit  (DP block)
The RTM-01 is a modulated null-radiometer with a slipping circuit for compensating the reflection between the  biological object and the antenna.
 The scheme of the device is protected by the Russia patent 2082118.

The principle of device operation bases on measuring  the intensity of natural electromagnetic radiation from a patient’s internal tissues at microwave frequencies. The intensity of the radiation is proportional to the temperature of tissues according to physics laws (Plank’s formula).

The basic medical and technical parameters of the radiometer are the following:

-Thermal abnormality is detected at the depth of ………………
3 - 5 cm



-Accuracy of the temperature measurement ...............................
( 0,2(C

-Time of measuring one point………………………………….
15 sec

-Antenna diameter……………………………………………
39 mm

-Power consumption from 220 V 50Hz network ......................
15 Watt

-Weight of the basic set ..................................................
3 kg

-Dimensions :


DP block...............................................
260x230x70 mm

RS block...............................................
200x60x30 mm

Temperature data are displayed as a three-digit number  on the panel with discreteness of 0,1(C. Radiometer may be connected with a PC. Also software for inputting and storing data of patients, brief anamnesis, visualization and processing the results of measurements was supplied.

The radiometer may be used in the following modes:

- autonomous mode (in this case manipulations with device are carried out by a doctor or a nurse, the data received may be input into computer manually);

- computer based mode (the input of measurement data is made automatically, the visualization and measurement data are processed after the examination of a patient is complete).

Women were tested on 6 to 9 days from the first day of their period of menstruation.

The measurement scheme of the internal breast temperature is shown in Appendix I.  The temperature was measured at 9 points on the both breasts, and also the temperature was measured at  auxiliary sites.

The tested patients lay on the back with their hands behind their head, in order to normalize the arrangement of the measured points and increase the total accuracy of measurements due to the breasts were flattened naturally in this position.

In order for objectivity to be increased, RTM-diagnosis was carried out independently upon the breast palpation procedure and mammography. The results were compared after the examination of the patients.

With the help of the radiometer 771 women at the age from 16 to 82 years old were examined. They had breast diseases. These data are represented in the table below.

Table 1.

Breast disease
Number of

patients
%

Healthy
16
2.1

Fibrocystic mastopathy
367
47.6

Fibroadenoma
60
7.8

Fibrous-fatty  involution
37
4.7

Cyst
56
7.3

Mastitis
33
4.3

Diffuse fibrocystic mastopathy
81
10.5

Breast cancer
101
13.1

Ductal  papilloma
20
2.6

Total
771
100

During the trial the following diagnostic abilities of the radiometer were investigated :

- differential diagnostics of breast cancer;

- detection where a tumour locates.

For differential diagnosis of breast cancer the following basic criteria were used:

-  significant thermal differentials between corresponding points on the right and left breasts;

- an increase in nipple temperature;

- an increase in temperature diversity within one breast.

A malignant tumour may be represented by thermal asymmetry at  corresponding points on the left and right breasts and also by a temperature increase in the tumour location in comparison with an average  temperature of the breast.

These criteria are formalized and software basing upon them processes and analyzes results of examinations. 

Results of Clinical Trial

1. The radiometer has small dimensions, weight and power consumption. It can be easily transferred within a hospital.

2. It is easy to operate the RTM-01 microwave radiometer and the secondary medical staff can operate it. There are no external adjustment elements on the device.

3. Utilization of the device is absolutely harmless for patients and the physicians, therefore the tests can be repeated for the monitoring of treatment.

4. The device was being used for more than 800 hours. Over this period there were no failures.

5. In 86 of 101 studies RTM-results of breast cancer were confirmed by the data of clinical and mammography tests (85 %). 15 cancer patients had no significant thermal abnormality (15%).

     157 of 771 patients had all RTM-features of breast cancer (criteria mentioned above), but they were not confirmed by clinical and mammography tests. They are 20.3% of all examined patients.

It is necessary to emphasize that the patients were diagnosed with breast cancer basing only on the data of temperature field measurements. At the same time the use of data received by clinical and mammography examinations in conjunction with radiometry methods will improve the efficiency of the microwave radiometry method. 

6. Imaging when the temperature values are linked with measured sites and isotherm lines are drawn through sites having the same temperature help physicals to diagnose.

7. The imperfection of RTM-diagnosis is the RTM-features of acute mastitis are similar to RTM-features of inflammatory cancer (the significant thermal differential).  However for clinical practice this imperfection is not essential, as physicians may order a conservative treatment if there are any suspicions of acute mastitis and then repeat RTM-diagnosis. This allows to compare  results and analyze dynamics.

In Appendix 2 the thermogram of the healthy woman is shown, in Appendices 3, 4, 5 you can see the thermograms of patients having various types of breast cancer.

Conclusion

The RTM-01 radiometer developed by RES Ltd. is recommended to be used in medical practice for screening at consulting and oncology rooms and at specialized oncology and mammalogy centers for detection of breast cancer and the monitoring of treatment.

Signed by the Head of Department   N.V. Vasina

This is a translation, the original is in Russian.

Measurement Scheme of Internal Breast Temperature

Clinical trial protocol of Hospital №40
Approved by the chief doctor of Hospital №40

Honored doctor of Russia Fedorova M.I.

Approved by 

The Head of the surgery division of the Moscow Medical Stomatological 

Institute, 

professor, doctor of medical science Yarema I.V. 

Clinical trial protocol of the RTM-01 radiometer

(RES Ltd.)

Basing on Protocol №8 of October 8th, 1995 over the period from October 15 to December 26, 1997 the clinical trial of the RTM-01 radiometer, developed by RES, Ltd., was conducted in the second oncology and surgery division of the Municipal  hospital №40.

1.  The Purpose and Methods of the Trial

The purpose of the trial is to estimate the ability to use the RTM-01 radiometer in medical practice. In this case the ability to detect breast cancer was checked.

The RTM-01 №092 radiometer was chosen for the trial. The RTM-01 radiometer is a modulated null-radiometer with a slipping circuit for compensating the reflection between the biological object and the antenna.

The device scheme is protected by the Russia patent #2082118.

The device operation bases on measuring the intensity of natural electromagnetic radiation from a patient's internal tissues.

Radiation is received by antenna, which is set on the projection of the organ examined. Diagnostics of disease bases on analyzing a thermal abnormality (increase or fall in temperature of tissues in comparison with the temperature of surrounding tissues).

The cause of the thermal abnormality, in the case of breast cancer, may be an increase in internal tissue temperature, which accompanies increased cell metabolism in the area of the tumour.

The basic medical and technical parameters of the RTM-01 radiometer are the following:

· Thermal abnormality is detected at the depth - 3….5cm;

· Accuracy of measuring the averaged internal temperature - (0,20C;

· Time of measuring at point - 15s;

· Antenna diameter - 39mm;

· Power consumption from 200V50Hz network – 20Watt;

· Weight of the basic set - 3kg.

Temperature data are displayed as a three-digit number on a panel with discreteness of 0,1 0C.

The radiometer may be connected with PC computer, using serial port, or temperature data may be input into computer manually.

Software for storing data of patients, a brief anamnesis, displaying and processing the results of measurements was supplied.

Patients were examined on 6-9 days from the first day of their menstruation period.

The temperature of the breast was measured according to scheme, which is represented in Appendix. The temperature was measured at nine points and at lymph node points.

Tested patients lay on the back with the hands behind the head in order to normalize the arrangement of the measured points and increase the total accuracy of measurement due to breast was flattened naturally in this position. Also a physician could measure the temperature at lymph node points in this position.

Radiometric examinations were carried out independently on clinical, x‑ray and histological examinations. Radiometric results were kept in sealed envelopes and once the trial was complete they were compared with the result of histology.

2. The results of the trial

   A total of 46 women aged from 28 to 85 were examined with the radiometer.

3 women without one breast and a woman examined during the period of ovulation were omitted.

35 of 42 patients had verified breast cancer. According to radiometric examination 33 women had breast cancer, it is 94,2%. The tumour location coincided with the location reported by radiometric examination.

According to radiometric examination another two females had breast cancer. Actually the first had acute mastitis and the second had a lieflike fibroadenoma with proliferaty of ductal epithelium cells. So the number of false positive results is 4,8 %.

3. Resume

1. The RTM-01 radiometer has small dimensions, weight and power consumption. It can be easily transferred within a hospital.

2. It is easy to operate the RTM-01 microwave radiometer. There are no external adjustment elements on the device.

3. The utilization of the device is absolutely harmless for patients of any ages and with any diseases as well as for physicians. So examinations may be repeated to analyze dynamics of disease.

4. The device was being used for more than 50 hours. Over this period there were no failures.

5. 33 of 35 verified breast cancer were confirmed by radiometric examination, i.e. the detective ability of the method exceeded 94 %.

6. 2 of 42 patients had false positive results that is less than 5 %.

7. Imaging when temperature values are linked with measured sites and isotherm lines are drown through sites having the same temperature help physicals to diagnose.

4. Conclusion

The RTM-01 radiometer developed by RES, Ltd. is recommended to be used in medical practice for screening at consulting and oncology rooms and at specialized oncology and mammology centers for detection of breast cancer and the monitoring of treatment.

      The serial production of the device is recommended. 

      The head of the second oncology and surgery department, doctor of medical science, Mogilevskiy I.L.

     Deputy of the chief surgeon, doctor of medical science, assistant professor of surgery  diseases division of the Moscow Medical Stomatological Institute, Tkachov V.K. 

This is a translation, the original is in Russian.
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Clinical Trial Protocol of 
Central Dermatology and Venereology Reserch Institute
of Public Health and Medical Industry Ministry

Approved

by the director of 

Central Dermatology and Venereology Research Institute

of  Public Health and Medical Industry Ministry

(Russian Federation)

academician of Russian Academy of Medical Science,

Professor, Dr. Y.K. Scripkin

Clinical Trial Protocol  of the RTM-01

The RTM-01 is a medical radiometer designed by RES, Ltd., a branch of the ARIRE.

Over the period from May to August 1996, in the physiotherapy department of Central Dermatology and Venereology Research Institute of Medical Industry and Public Health Ministry (Russian Federation) the diagnostic abilities of the RTM-01 medical radiometer were explored. Patients having chronic adnexitis were examined.

The operation of the device bases on measuring the intensity of natural electromagnetic radiation from the internal organs of human body at microwave frequencies. The depth of measurement is 3 to 10 cm. The accuracy of a measuring temperature abnormality is (0.2 0C 

18 women having chronic adnexitis (aged from 19 to 37) were examined and monitored. Also there were 6 healthy volunteers (aged from 20 to 30).

The radiometry examinations were carried out before and after treatment that included the low-intensity laser-therapy and generally indicated drug treatment.

For measuring the temperature of the internal organs the antenna was put on abdominal wall of right and left ovary, over uterine fundus, over right and left edges of uterus, on the left and right lymph. To reduce the external noise all measurements were carried out in shielding tent
.

The trial showed that the patients having chronic adnexitis had the increase in temperature of 1...2 0C at the tested points in comparison with the temperature at corresponding points of the healthy volunteers. Also the measured temperature of the inflamed and normal adnexa was compared. The average increase in temperature of the inflamed adnexa in comparison with the normal adnexa was 1.2 0C (p(0.001). After treatment the temperature fell. And it approached the temperature of the normal adnexa (the confidence coefficient was 0,02 or less). But there had been still 1.30C average increase in temperature in comparison with the temperature of the healthy volunteers.

The received data coincided with ultrasound investigation of uterus and oviducts.

Thus, the clinical trial indicated that the RTM-01 radiometer could be used in cases of chronic adnexitis for diagnostic purposes (for example for primary examinations or check-up in observation room) as well as for the monitoring of treatment.

Signed by  

Chief-executor, doctor of medical science, Balura E.V.   

Head of physiotherapy department, doctor of medical science,

 Volnukhin V.A.  

August 26, 1996.


This is a translation. The original is in Russian.

Testimonial of Cybernetic Medicine Institute

Approved by 

Deputy Scientific Work Director of 

Cybernetic Medicine Institute

Doctor of medical science

Gorayinov S.V.

Testimonial on the diagnostic trial of the RTM-01 medical radiometer (RES Ltd.)

At the room for treatment and diagnostics of the State Clinical Hospital #124 the diagnostic possibilities of the RTM‑01 for examination of the patients having pathology of the urinary-secretory system were explored by Cybernetic Medicine Institute. 

The group of 166 patients was examined. There were 51 men, aged 10 –74 in it. 

23 patients were tested repeatedly: 10 women and 13 men. 

Patients had the following diagnosis:

Pyelonephritis chronic, acute, unilateral, and left and right;

Glomerulonephritis chronic, acute, unilateral left and right, complicated by development of the shrunken kidney for the second time, renal insufficiency;

Adrenal neoplasm;

Hydronetyrosis after ureteroplasty. 

The patients, who have not specify diagnosis as well as the patients having verified diagnosis were registered. They were 27 men. Some men were examined repeatedly to physician can observe and analyze dynamics when therapy was carry out. In 17 of 23 cases the positive trend was observed as thermal asymmetry reduced.

The group of 27 men having verified diagnosis was examined. They were diagnosed outside of the hospital, at various Moscow clinics. The diagnosis based on ultrasonography, Rg-logical examinations, blood test (kidney samples), urine test (protein, leucocytes, red corpuscles level, etc).

Diagnosis was confirmed for all 72 men. They included 23 cases of various pyelonephritis types, the fall in temperature at renal pelvis projection sites was 0.1-0.3(C and if there was renal insufficiency the temperature reduced by up to 1-2(C. The temperature in some cortical levels increased (3 cases). 10 volunteers, whose kidneys were not treated, were examined in order to results can be compared.

Clinical trial showed that RTM‑01 could be used to diagnose and monitor treatment of chronic disease kidney patients.

20 June 1998

The testimonial was draw up by doctors of Municipal Clinical Hospital #124 for Institute of Cybernetic Medicine.

Signed by Dr. of  medical sciences Zolkin A.V. and Polaykova A.V.
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Fig. 1. RTM�01�RES computer based microwave radiometer
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Fig.4.





Fig. 5.
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Fig. 6. Temperature field of a 39-year-old patient S. Right breast ductal cancer.
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Fig. 7. Temperature field of a 18-year-old patient, normal.
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Fig. 8. Temperature field of a 60-yaer-old patient G. Inflammatory right breast cancer.
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Fig. 9a.
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Fig. 9b.
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Fig. 10.
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Fig. 13a.Temperature field of a 50-year-old patient L. Cyst in the right breast (before treatment)





Fig. 13b. Temperature field of a 50-year-old patient L. (after treatment)
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Fig. 14a. Temperature field of a 46-yaer-old patient A. Diffuse fibrocystitis mastopathy (before treatment).





Fig. 14b. Temperature field of a 46-yaer-old patient (after treatment)
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� At present the new modification of the RTM-01 radiometer is designed and a shielded cabin is not required.
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