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Abstract
Purpose: Synchronous bilateral irradiation of both the mammary glands and the chest wall is a
challenging task due to technical di�culties and limited evidence supporting an optimal technique for
positive treatment outcomes. We analyzed and compared the dosimetry data of three radiotherapy
techniques and selected the most effective one.

Methods: Three-dimensional conformal radiation treatment (3DCRT), intensity-modulated radiation
therapy (IMRT), and volumetric-modulated arc therapy (VMAT) were compared during the irradiation of
synchronous bilateral breast cancer. This was followed by examination of the dose distribution to the
target organs (myocardium, left anterior descending artery (LADA), right coronary artery (RCA), and lungs
in nine patients.

Results: Dose distribution in the lungs was optimal using VMAT, while IMRT was less effective. Doses in
the lungs, myocardium, and LADA were highest with 3DCRT. The highest mean dose in the myocardium
was observed with IMRT, and a similar effect was noted with RCA. VMAT is the most sparing technique
for the myocardium and LADA, despite the RCA dose being slightly higher when compared with that of
3DCRT.

Conclusion: We concluded that VMAT is a very effective and satisfactory radiation technique for sparing
critical organs. With VMAT, regardless of the volume and side of irradiation, a lower mean dose (Dmean)
value was noted in organs at risk such as the myocardium, LADA, and lungs, but not the cardiac
conduction system. The use of 3DCRT signi�cantly increases the dose of ionizing radiation reaching the
lungs, myocardium, and LADA, which can subsequently cause cardiovascular and lung complications.

Introduction
Synchronous bilateral breast cancer (SBBC) is commonly referred to as two or more malignant
neoplasms in both the mammary glands detected up to 6 months apart [1]. SBBC of the mammary
glands accounts for 1-3.5% of all cases of breast cancer [2]. SBBC staging is done for each side
separately as the treatment consists of the same steps as in unilateral breast cancer treatment.
Depending on the stage of the disease (on each side), treatment approaches may include breast-
conserving surgery/mastectomy (with lymphadenectomy), neoadjuvant/adjuvant chemotherapy or
hormone therapy, and radiation therapy. The administration of radiotherapy after breast-conserving
surgery reduces the risk of local recurrence by 4–5% [3, 4].

In cases of bilateral breast cancer, dosimetric planning of radiation therapy is a particularly complex and
time-consuming process. The use of tangential �elds is often associated with inhomogeneous dose
distribution in the planned treatment volume (PTV) and with the formation of hotspots [5–8]. The latter
leads to complications such as radioepidermitis, telangiectasia, shrinkage of the mammary gland, and a
subsequent decrease in the quality of life. However, the most serious danger is radiation damage to the
myocardium and coronary vessels, as well as the occurrence of secondary malignant tumors, most often
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in the esophagus, with unilateral radiation in the contralateral mammary gland [9, 10]. Also, in some
patients, especially high dose loads on the heart and lungs were noted [5–6, 8, 11].

According to a 2000 review by the Early Breast Cancer Trialists Collaborative Group (EBCTCG), mortality
among radiation-exposed patients with secondary neoplasms is higher than that from primary breast
cancer. The 15-year accumulation rate of secondary malignant tumors is 16–19% in patients undergoing
radiation therapy [10]. In 2013, Darby et al. investigated the consequences of radiation treatment of
breast cancer in 2,168 women in Sweden and Denmark who were treated between 1958 and 2001. Of
these, 963 were found to have cardiovascular issues, including myocardial infarction, ischemia with the
need for myocardial revascularization, or death from myocardial ischemia [12].

The average dose to the whole heart was 6.6 Gy for left-sided cancer and 2.9 Gy for right-sided breast
cancer. It was discovered that exceeding the average dose in these patients linearly increased the
frequency of the above cardiac complications by 7.4% without a visible threshold. One Gray(Gy) of the
standard prescribed 50 Gy is 2% of the total dose. This further demonstrates the need to consider small
radiation doses, the effect of low dose bath (LDB), and the necessity for safer radiation methods. If the
distance between the heart and the chest wall is minimal, or if the parasternal lymph nodes are irradiated,
then the average dose to the heart can increase up to 10 Gy. The average dose to the whole heart was 4.9
Gy, with the absolute range of dose spread 0.03–27.72 Gy. This is evidence of the relevance of a
comparative dosimetric analysis of modern irradiation methods.

The increase in the incidence of cardiac events begins within the �rst 5 years after treatment, while the
factors that increase the risk of ischemic heart disease have no in�uence on the complication/Gy ratio.
However, the absolute number of complications in those with an initial predisposition was higher. Fifty-
four percent of patients with post-radiation coronary complications died from these causes. Interestingly,
it was not the dose to the left descending coronary artery that correlated best with the frequency of events
but the dose to the whole heart. Based on these �ndings, it appears radiation injuries of the main
coronary arteries and myocardial structures - cardiomyocytes and the microvasculature - are jointly
involved in the pathogenesis of the most severe outcomes.

Wu et al. (2017) demonstrated that in modern conditions of combined treatment, ischemic attacks in the
heart, discussed at length in the literature, gave way to arrhythmias and disturbances of intracardiac
impulse conduction in a substantial number of cases. Modern post-radiation arrhythmias were
discovered to be as life-threatening as post-radiation myocardial infarction was in the past [13]. The
signi�cance of radiation damage to the cardiac conduction system has rarely been discussed to date.
Consequently, in our study, we will address this knowledge gap by studying radiation exposure to
different cardiac regions: coronaries, different parts of the myocardium, and the conducting system.

Patients And Methods
This was an open-label, prospective and comparative study focused on the treatment of synchronous
bilateral breast cancer, the radiation dose distribution over the PTV, and the dose distribution to organs at
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risk (OARs). Nine patients at the European Medical Center (EMC) Radiation Therapy Department, from
2015 to 2019, participated in the study.

The main research question was: What is the most effective and safest radiotherapy technique in the
treatment of patients with SBBC?

All patients underwent standard examinations including diagnostic mammography, a biopsy and
estrogen/progesterone receptor (ER/PR) and ERBB2 (HER2 or HER2/neu status) determination. All nine
patients underwent surgery and neoadjuvant chemotherapy/hormone therapy as recommended in the
National Comprehensive Cancer Network (NCCN) guidelines. All patients had indications for adjuvant
radiotherapy and were assessed by a multidisciplinary team comprising chemotherapy oncologists,
oncological surgeons, and radiation therapists at the initial referral. Patient median age was 62 years
(range: 43–73). The detailed patient characteristics of disease stage and the scope of surgery is shown
in Table 1.

All patients underwent computed topometry on Brilliance CT Big Bore Philips (Philips, Amsterdam,
Netherlands). Scans were performed without contrast enhancement with the patient in the supine
position with arms raised above the head at an angle of 120° to the median body axis using QUEST™
Breastboard RT-4543 (Q�x, Avondale, PA, USA). CT scans were performed with unlabored breathing on the
area between the lower jawbone and the diaphragm. CT sections were 1 mm thick. Treatment plans were
created using the computer planning system Eclipse (v. 11.0) by Varian Medical Systems (Plato Alto,
USA). Linear accelerators were used for administering therapy (TrueBeam (v. 1.6), Varian Medical
System) with energy beams of 6 and 10 MeV. Three-dimensional conformal radiation treatment (3DCRT),
intensity-modulated radiation therapy (IMRT), and volumetric-modulated arc therapy (VMAT) plans were
generated and compared dosimetrically using the same set of structures. These linear accelerators have
similar identical therapeutic characteristics and are equally suitable for research purposes.

We investigated external irradiation with three techniques of radiation therapy: 3DCRT, IMRT, and VMAT.
Initial dosimetry planning was based on the experience and intuition of a medical physicist and
radiotherapist and approved at a medical conference. For research purposes, the other two exposure
methods/dosimetry plans were simulated using the planning system. Comparative assessment of the
plans was made using dose-volume histograms and cross-sectional analysis of dose distribution in PTV,
OARs, and irradiated volume (IV). A uniform basis for comparison was the use of the same contours for
all three variants of the plan in one patient.

Radiotherapy was planned according to the Radiation Therapy Oncology Group (RTOG)
recommendations for outlining PTV with consideration of critical organs. The criteria for adopting a PTV
dose distribution plan were: V (95% of prescription dose − 50 Gy) ≥ 95% of volume (≥ 47,5 Gy). A dose
deviation of up to V (90% of prescription dose) > 90% of volume was considered acceptable in especially
di�cult cases. Figures 1–3 show the variations of dosimetry plans for SBBC radiation therapy, as well as
examples of comparative dose-volume histograms (DVH) for different treatments.
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The sinoatrial, atrioventricular nodes, and Bundle branch were not visible on CT scans; therefore, their
locations were estimated based on descriptions in Tonkov’s manual on normal anatomy [14] and
Sinelnikov’s anatomical [15]. The preliminary studies of Saremi et al. (2009), Malik (2015), Stefenson et
al. (2017), and Stefenson et al. (2018) were used to determine the components of the cardiac conduction
system on computed tomograms[16–19]. We then conducted a training session to identify visualized
cardiac structures related to the conduction system on cardiac-coronary angiograms.

Results
3DCRT, IMRT and VMAT techniques in modern technical and computational performance (on linear
accelerators "TrueBeam" or "Trilogy" according to the plans calculated in the Eclipse v.15.5 system) can
provide at least V (95% of prescription dose) ≥ 95% of volume. The greatest differences between the
techniques are in the distribution of absorbed doses outside the PTV and in individual OARs.

In the literature on radiation therapy for bilateral breast cancer, doses outside of the PTV are usually
considered separately for the right and left lung [20]. We studied this in more detail and recorded the
mean dose (Dmean; in ICRU (International Commission on Radiation Units and Measurements)), the
volume of the lungs (both received a relatively large dose of 40 Gy), and the volume that fell into the LDB
region (between 20 and 4 Gy). When studying the distribution of low doses of ionizing radiation outside
the treated volume, we focused on their most carcinogenic interval - from 2 to 10 Gy (4–20%) of the
prescribed total dose. The indicated dose range was chosen based on previously reported ranges in
studies of radiation-induced secondary malignant diseases arising after the treatment of the primary
tumor [21–29].

The data presented in Table 2 show that the choice of irradiation method in SBBC is not clear and
depends on many individual factors, but mainly on which is the most affected side (i.e., left or right), the
size and stage on this side, and the size and shape of general (bilateral) PTV. These parameters are
decisive and will determine the choice between 3DCRT, IMRT and VMAT. Although there is an opinion that
the IMRT and VMAT methods are preferable for use in SBBC, it is not known to what extent their use
allows one to achieve optimal dose distribution in PTV and to reduce the total dose in OARs compared to
3DCRT [30–34]. We studied the dose loads on the myocardium, LADA, right coronary artery, and the lungs
using 3DCRT, IMRT, and VMAT techniques. Furthermore, we irradiated patients with SBBC whose disease
was synchronous at the beginning of treatment.

The VMAT technique shows the lowest dose load on the lung, myocardium, and LADA as compared to
3DCRT and IMRT.

Discussion
Based on the results obtained as well as the literature data, VMAT was found to be the most appropriate
method in many treatment situations. However, this cannot be applied universally, and each case must be
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considered individually in order to get the best outcome. If we evaluate the effect of LDB, then VMAT has
the largest impact. It is also higher in IMRT than in 3DCRT and, according to a study by Hall et al. (2003)
is accompanied by almost twice the frequency of secondary radiation-induced cancers in successfully
treated patients [27]. However, these aspects for VMAT require further investigation. Additionally, if we
consider the data obtained for the �rst time on the dose load on the cardiac conduction system, we have
yet to study the role of VMAT in the occurrence of post-radiation arrhythmias.

An overwhelming majority of scientists agree that radiation treatment of left-sided breast cancer is
associated with a higher risk of heart complications than treatment of right-sided tumors. Rehammar et
al. (2017) reported that this association is especially true if we focus on ischemic complications or all
cardiac complications [35]; however, this difference is practically nulli�ed if arrhythmias and conduction
disturbances can be distinguished from each other. In this case, the ratio between the left and right side in
the localization of cancer will be 32:26, but in ischemia it will remain at the level widely described in the
literature − 32:19. As mentioned earlier, the VMAT method is not universal. It has the highest LDB and,
thus, gives the greatest dose load on the cardiac conduction system and on the contralateral lung. In
addition to studying absorbed doses in different parts of the heart, we studied the features of the
propagation of low doses of ionizing radiation at a distance from the target.

Many researchers, demonstrating the dose load on the left coronary artery, calculate it according to
representations from static images of topometric CT scans, where the artery occupies a position
corresponding to the moment in time when the CT scan occurred. Mobility is not taken into consideration.
We speci�cally studied Internal target volume (ITV) using coronary angiograms. This revealed that the
difference of their position depending on the phase of the cardiac cycle, can reach 1-1.5 cm. The data are
presented in Figs. 4–6. Then, we analyzed the change in dose load on the LAD artery when shifted in the
ventro-dorsal direction by at least 1 cm. It was found the range of 5–10% doses shifted to 10–20% and,
overall, the dose load increased by 25–30% when compared to those established by static CT-cuts. If this
is correlated with the data obtained on absorbed doses in individual volumes of the myocardium, then the
dose, instead of those indicated in Table 2 (4.49–27.32 Gy), will become 5.82–35.41 Gy. Of course, the
dose will depend on how long a particular section of the artery has been in a particular isodose area.
However, the results obtained more closely represent true radiation dose absorbed by the coronary
arteries. Coronary angiograms are not performed for radiotherapeutic purposes; therefore, it is impossible
to assess the physiological mobility of blood vessels in three directions as is customary in radiation
therapy. It should be noted, however, that the order of the numbers is quite indicative. If we extrapolate the
displacements that we have discovered into the planning system, this changes the concept of the
absorbed dose, which has not been described in the literature so far. The displacement of the LAD artery
towards the target is particularly dangerous.

Our study of the dose load on the cardiac conduction system is, to the best of our knowledge, the �rst
experiment in the history of radiotherapy. The importance of obtaining such knowledge is clear from the
side effects of radiation therapy for breast cancer in the cited literature. This should be especially
important when treating patients with heart disease, and doctors do not have any information about this
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at the time. We tried to delineate in our patients the most functionally important part of the cardiac
conduction system: the atrioventricular node, the sinoauricular node and bundle bunch. Our sample size
was small since in the conditions of native CT scans, the anatomical structures of the heart, acting as
landmarks, are visualized indistinctly when searching for them or are not differentiated due to the lack of
contrast and artifacts from respiratory movements and heartbeat.

Previously, we tried to estimate the dose load on the cardiac conduction system in 24 patients with
unilateral disease in whom we were able to develop the corresponding Planning organ at risk volume
(PRV) with the highest reliability on topometric CT scans [36–38]. We found that, regardless of the side
and volume of irradiation, the lowest average doses to the conducting system were obtained using the
3DCRT method. IMRT and VMAT performed less effectively, mainly due to the effect of LDB. We identi�ed
that, even with the most advanced irradiation methods in the context of the dose to the conduction
system, LDB is not as low a dose as expected. The data obtained are presented in Figs. 7 and 8. We have
shown that the greater the side effects of ionizing radiation during radiation treatment of breast cancer
on the main elements of the cardiac conduction system, the larger the clinical target volume (CTV). The
sinoauricular node receives the highest doses with right-sided irradiation (according to Dmean, up to
33.6% of the prescribed dose for irradiation of the right breast and all areas of regional metastasis), the
atrioventricular node and especially the bundle bunch receive from 12–22.4% of the prescribed dose, with
a similar left-sided exposure from 12–17.6%. However, these data are subject to large individual
�uctuations and, in practice, require separate monitoring during dosimetric planning for each patient
individually. In addition, the effect of the LDB must also be taken into account.

We concluded that VMAT is the best treatment for SBBC with any irradiation volume as it shows the
lowest dose load on the lung, myocardium, and LADA as compared to 3DCRT and IMRT. IMRT is generally
intermediate between VMAT and 3DCRT in terms of effectiveness in the irradiation of mammary glands
or mammary glands with lymphatic drainage areas. In contrast, IMRT showed the least effective results
in relation to the myocardium and LADA with post-mastectomy irradiation. Our study showed that the
highest dose load on the myocardium and LADA in patients with SBBC was achieved with 3DCRT.
However, this technique is not recommended for use in the treatment of patients with concomitant
cardiovascular disease. IMRT gives better indicators of conformity and homogeneity when more beams
are used, but this is accompanied by a pronounced increase in LDB, which is almost absent in 3DCRT.

Summary
VMAT is a very effective method that provides satisfactory sparing of critical organs. With VMAT,
regardless of the volume and side of irradiation, lower dose distribution in the critical organs
(myocardium, LADA, lungs) was noted. IMRT generally takes an intermediate position between VMAT and
3DCRT methods in the irradiation of mammary glands or mammary glands with lymphatic drainage
areas. However, IMRT showed the least effective All authors contributed equallyresult in relation to the
myocardium and LADA with post-mastectomy irradiation. When using the 3DCRT technique, the dose of
ionizing radiation entering the lungs and myocardium with LADA signi�cantly increases, which can
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subsequently cause cardiovascular and lung complications. We do not recommend using this method in
the treatment of patients with SBBC, especially in young patients and patients with concomitant heart
diseases. If it is not possible to use another method of radiation therapy, we recommend referring these
patients to other clinics. In modern radiotherapy of breast cancer, the absorbed dose in the volume at risk
of the cardiac conduction system should be assessed, especially in the sinoatrial node with right-sided
irradiation, and in the atrioventricular node, and bundle branch with left-sided irradiation.
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 Table 1. Clinical characteristics of the patients with SBBC
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Patient’s characteristics  

Surgery type

 

PTV (planning target volume) 

 №

Age Staging

right/left
breast

1 

 

 56
y.o

T1N1cM0 

T2N2bM0

lumpectomy
+ALND

lumpectomy
+ALND

mammary glands on both sides + I-III levels of axillary
Lns, supraclavicular Lns, parasternal Lns

2

 

61
y.o

 

T3N2aM0 

 

 

 

 

TisN0M0

mastectomy

 

 

 

 

lumpectomy

chest wall on the right + I-III levels of axillary Lns,
supraclavicular Lns, parasternal Lns

 

breast on the left

3

 

43
y.o

 

T2N1M0 

 

T1N1M0

mastectomy

 

mastectomy

chest wall on both sides + + I-III levels of axillary Lns on
the left; I-III levels of axillary Lns, supraclavicular Lns on
the right

4

 

68
y.o

 

T1cN0M0 

T1cN0M0

lumpectomy
+ALND

lumpectomy
+ALND

mammary glands on both sides + I-III levels of axillary
Lns on both sides

5 

 

58
y.o

 

TisN0M0 

T1cN0M0

lumpectomy

lumpectomy
+ALND

mammary glands on both sides

6 

 

64
y.o

 

T2N0M0 

T1cN2aM0

lumpectomy
+ALND

lumpectomy
+ALND

mammary glands on both sides +  I-II levels of axillary
Lns on both sides

7 

 

61
y.o

 

T1cN1aM0 

T1bN0M0

lumpectomy
+ALND

lumpectomy
+ALND

mammary glands on both sides +  I-II levels of axillary
Lns on both sides

8 

 

58
y.o

 

T1N0M0 

T1N0M0

lumpectomy
+ALND

lumpectomy
+ALND

   mammary glands on both sides
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9 

 

73
y.o

 

T1cN1aM0 

 

T1cN0M0

mastectomy

 

mastectomy

chest wall on both sides + I-III levels of axillary Lns,
supraclavicular Lns, parasternal Lns on both sides

ALND - axillary lymph node dissection; LNs - lymph nodes. 

Table 2. Comparison of the dose absorbed by at-risk organs under irradiation using 3DCRT, IMRT, and
VMAT techniques up to total dose 50 Gy with bilateral PTV in all patients.
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Number
of
patients

 PTV  Organ at
risk

Dosimetric
parameters

Parameter value

3DCRT IMRT VMAT

1 Chest Wall + levels I-III
axillary LNs, supraclavicular
LNs, parasternal LNs on the
right

 

Chest Wall + levels I-III
axillary LNs, supraclavicular
LNs, parasternal LNs on the
left

Left lung Dmean
(Gy)

V4Gy (%)

18,77

69,20

15,28

84,70

10,42

74,40

Right lung Dmean
(Gy)

V4Gy (%)

18,83

65,20

15,28

88,40

10,24

67,60

Myocardium Dmean
(Gy)

V4Gy (%)

6,86

13,80

8,38

24,80

5,07

7,80

LAD artery Dmean
(Gy)

V4Gy (%)

13,77

8,80

18,21

0,00

10,22

0,00

RCA Dmean
(Gy)

V4Gy (%)

3,91

0,00

7,34

0,00

5,30

0,00

2 Mammary gland + levels I-II
axillary LNs on the right

Mammary gland + levels I-II
axillary LNs on the left

Left lung Dmean
(Gy)

V4Gy (%)

10,86

38,30

9,25 

69,60

6,71

56,30 

Right lung Dmean
(Gy)

V4Gy (%)

9,93

37,00 

 9,64

66,70

7,36

53,80 

Myocardium Dmean
(Gy)

V4Gy (%)

4,59

8,20

5,90

8,40 

3,80

0,70 

LAD artery Dmean
(Gy)

V4Gy (%)

13,91

0,00 

9,64

0,00 

 9,45

0,00

RCA Dmean
(Gy)

V4Gy (%)

3,29

0,00 

 5,39

0,00

5,04

0,00 

3, 5 Mammary gland + levels I-III
axillary LNs on the right

Mammary gland + levels I-III
axillary LNs on the left

Left lung Dmean
(Gy)

V4Gy (%)

16,94

57,65 

 16,00

94,90

 7,28

54,90
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Right lung Dmean
(Gy)

V4Gy (%)

19,37

59,80 

15,56

83,60 

8,29

61,65 

Myocardium Dmean
(Gy)

 

V4Gy (%)

10,86

25,80 

8,54

20,10 

4,04

2,45

LAD artery Dmean
(Gy)

V4Gy (%)

27,32

37,90 

12,55

0,00 

5,88

0,00 

RCA Dmean
(Gy)

V4Gy (%)

 2,92

0,00

10,57

0,00 

4,59

0,00 

4,6 Mammary glands on both
sides

Left lung Dmean
(Gy)

V4Gy (%)

 11,68

41,75

9,13

67,40 

6,33

61,30 

Right lung Dmean
(Gy)

V4Gy (%)

 9,68

40,20

8,64

63,10 

7,46

60,75 

Myocardium Dmean
(Gy)

V4Gy (%)

 6,92

14,75

7,45

19,30 

4,82

3,15 

LAD artery Dmean
(Gy)

V4Gy (%)

 9,21

5,10

7,36

0,00 

5,52

0,00 

RCA Dmean
(Gy)

V4Gy (%)

 2,29

0,00

7,86

0,00 

6,10

0,00 

7 Mammary gland + levels I-III
axillary LNs, parasternal LNs
on the right

Mammary gland + levels I-III
axillary LNs, parasternal LNs
on the left

Left lung Dmean
(Gy)

V4Gy (%)

 21,49

76,60

 14,20

91,80

11,40

83,10 

Right lung Dmean
(Gy)

V4Gy (%)

 20,88

77,30

15,64

96,50 

12,17

90,40 

Myocardium Dmean
(Gy)

 7,89  8,08 7,96
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V4Gy (%) 19,00 15,50 22,00 

LAD artery Dmean
(Gy)

V4Gy (%)

 24,65

35,38

 10,76

0,00

8,57

0,00 

RCA Dmean
(Gy)

V4Gy (%)

 3,23

0,00

9,70

0,00 

8,68

0,00 

8 Mammary gland + levels I-III
axillary LNs, supraclavicular
LNs on the right

Mammary gland + levels I-III
axillary LNs on the left

Left lung Dmean
(Gy)

V4Gy (%)

 18,22

56,20

 12,76

89,40

8,43

47,50 

Right lung Dmean
(Gy)

V4Gy (%)

 16,75

64,40

 14,61

95,70

 8,13

48,60

Myocardium Dmean
(Gy)

V4Gy (%)

 8,77

18,80

8,81

30,80 

 3,61

5,40

LAD artery Dmean
(Gy)

V4Gy (%)

 11,13

5,00

10,89

0,00 

4,49

0,00 

RCA Dmean
(Gy)

V4Gy (%)

 3,21

0,00

 10,35

0,00

 3,61

0,00

9 Chest Wall + levels I-III
axillary LNs, supraclavicular
LNs, parasternal LNs on the
right

Left mammary gland

Left lung Dmean
(Gy)

V4Gy (%)

12,16

48,90 

9,06

75,30 

7,14

70,00 

Right lung Dmean
(Gy)

V4Gy (%)

 17,85

62,10

13,77

87,80 

11,06

58,20 

Myocardium Dmean
(Gy)

V4Gy (%)

 3,61

4,00

 7,15

18,90

4,41

4,60 

LAD artery Dmean
(Gy)

V4Gy (%)

 6,70

0,00

9,60

0,00 

6,18

0,00 

RCA Dmean
(Gy)

 3,58 10,27 4,27
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V4Gy (%) 0,00 0,00   0,00

All
patients

  Left lung Dmean
(Gy)

V4Gy (%)

15,73

55,51 

12,24

81,87 

8,24

63,93 

Right lung Dmean
(Gy)

V4Gy (%)

 16,19

58,00

13,31

83,11 

 9,24

63,00

Myocardium Dmean
(Gy)

V4Gy (%)

 7,07

14,91

7,76

19,69 

4,82

6,59 

LAD artery Dmean
(Gy)

V4Gy (%)

 15,24

13,17

11,29

0,00 

7,19

0,00 

RCA Dmean
(Gy)

V4Gy (%)

 3,21

0,00

8,78

 0,00

5,37 

0,00

 Dmean is the standard term of the 83rd ICRU Report for PRV: the sum of doses received by each of its
voxels divided by the number of voxels. 

Figures
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Figure 1

Examples of the prescribed dose distribution in 3DCRT. Treatment plan and DVH. 
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Figure 2

Examples of the prescribed dose distribution in IMRT. Treatment plan and DVH. 
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Figure 3

Examples of the prescribed dose distribution in VMAT. Treatment plan and DVH. 
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Figure 4

Coronary angiogram. Right: the catheter is in the ori�ce of the left coronary artery trunk, beginning to �ll
the trunk and anterior branch of the left coronary artery with contrast agent. Left: the trunk of the left
coronary artery and its anterior branch (running horizontally) are contrasted, and the anterior circum�ex
artery extends downward from them. The pictures were taken at different phases of the cardiac cycle.
The difference in the position of the arteries in systole and diastole in the cranio-caudal direction is
approximately 1.5 cm.

Figure 5
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Contrasting the right coronary artery in different phases of the cardiac cycle. Systolic-diastolic
displacement in the transverse direction of about 1.5 cm.

Figure 6

Left coronary arteries. The X-ray tube is rotated at an angle of 48 °; it is possible to roughly estimate the
dorso-ventral displacement of the arteries in systole and diastole - it is about 1.5 cm.
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Figure 7

Dose distribution on the main elements of the cardiac conduction system during radiation treatment of
right breast cancer.
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Figure 8

Dose distribution on the main elements of the cardiac conduction system during radiation treatment of
left breast cancer.


