
PURPOSE
To evaluate the effect of techniques (such as 

use of heart blocks or deep-inspiration
breath hold [DIBH]) on cardiac dose

for patients with left-sided breast
cancer within a quality collaborative

(Michigan Radiation Oncology
Quality Consortium, MROQC).

RESULTS (cont.)RESULTS
Table 1. Sample characteristics (n=94). Figure 2. Axial & coronal views of dose distributions for a patient treated for L-sided breast 

cancer free breathing.  The maximum dose to the heart is approx. 100% of the target dose.

Figure 3. Axial and coronal views of dose distributions for a patient treated for L-sided 
breast cancer at deep inspiration breath hold to minimize dose to the heart.

aHypofractionated whole breast irradiation.
bConventionally fractionated whole breast irradiation.

Figure 1. There are 21 centers participating in
MROQC throughout the state of Michigan

representing urban, suburban, rural private
practice and academic settings.
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METHODS
With IRB approval, DICOM-RT data, motion management 
information, and treatment technique were submitted for 
central review.
Patients were randomly selected within strata for nodal treat- 
ment and motion management from 8 institutions [Table 1].  
The composite plans from 94 patients with left breast cancer 
treated with a primary breast plan and lumpectomy bed boost 
were evaluated in 2 Gy biologically equivalent doses.
Breast, whole heart, and left anterior descending artery (LAD) 
volumes were contoured at the coordinating center for 
consistency.   
Models to separately estimate the mean dose and max dose to 
0.1 cc of the heart and LAD were developed using the fol- 
lowing factors: Mean dose breast (centered at 50 Gy), IMRT vs. 
3D delivery, nodal treatment (yes vs. no), DIBH (yes vs. no), 
and Heart Blocked (yes vs. no). 
Delivery technique (IMRT vs. 3DRT) was determined using 
information from DICOM planning file for each cases, with 
IMRT defined as cases with >5 segments/field for any part of 
the primary plan.
Nodal treatment was defined as treatment fields including the 
internal mammary, supraclavicular, or infraclavicular nodes.

RESULTS
The most significant factors that minimize cardiac dose [Table 
2] are DIBH and omission of nodal treatment. Use of a heart 
block was not significantly associated with a reduction in 
cardiac dose when controlling for delivery technique.
The dose covering 95% of the breast (D95) was not different in 
patients with or without DIBH but was significantly lower in 
patients with heart blocks. Patients with nodal RT had higher 
breast D95. 

CONCLUSIONS
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Cardiac doses are highly variable even 
within a quality collaborative.  
With DIBH, max dose to the heart was 60% 
lower with breast coverage maintained 
[Figures 2-4]. 
Further comparisons of cardiac doses are 
warranted of 3D vs. IMRT techniques. 
MROQC members will use these data to 
guide future heart dose reductions. 
In this sample, cases treated by IMRT deliv- 
ery were estimated to have higher cardiac 
doses than 3DRT delivery, suggesting that 
attention to cardiac sparing should be 
increased by the use of more restrictive 
cardiac cost functions.

Figure 3. Model estimates for the (A) mean dose & (B) max. dose (0.1 cc) to the heart as a func- 
tion of delivery technique, nodal treatment, and breath hold status, including the 95% CI.

Figure 4. Model estimates for the (A) mean dose & (B) max. dose (0.1 cc) to the LAD as a func- 
tion of delivery technique, nodal treatment, and breath hold status, including the 95% CI.
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Characteristic Distribution

Delivery method
 3DRT
 IMRT
Fractionation: n (%)
 HWBIa

 CWBIb

Nodal treatment: n (%)
 Yes
 No
DIBH: n (%)
 Yes
 No
Heart block used: n (%)
 Yes
 No
Mean dose to the breast: Gy
 Mean (SD)
 Minimum - Maximum

72 (76.6)
22 (23.4)

63 (67.0)
31 (33.0)

73 (77.7)
21 (22.3)

54 (57.5)
40 (42.5)

58 (61.7)
36 (38.3)

50.05 (2.95)
44.3 – 61.8

Table 2. Prediction models for (A) heart dose (Gy) (n=94) and (B) LAD dose (Gy) (n=93).

aThe mean breast dose is centered at 50 Gy.  So, each 1 Gy increase will raise the estimate by the 
coe�cient and each 1 Gy decrease will reduce the estimate by the coe�cient.  

 Intercept
Mean dose breasta

IMRT vs. 3DRT
Nodal treatment
DIBH
Heart Blocked

Characteristic p-Value

<0.0001 
0.0087 

<0.0001
0.0005 

<0.0001
0.1621

95% CI
Mean dose to the heart Dose to 0.1 cc of the heart

(1.24, 1.93)
(0.02, 1.12)
(0.44, 1.26)
(0.42, 1.17)

(-0.97, -0.32)
(-0.62, 0.11)

 <0.0001
 0.0408
 0.0251
 0.7322
 <0.0001 
 0.1256

 35.62
 0.83
 7.03
 0.98
 -22.34
 -4.23

(30.44, 40.79)
(0.03, 1.62)

(0.88, 13.19)
(-4.63, 6.59)

(-27.17, -17.50)
(-9.63, -1.18)

Estimate p-Value95% CIEstimate

1.58
0.07
0.85
0.80

-0.64
-0.26

 Intercept
Mean dose breasta

IMRT vs. 3DRT
Nodal treatment
DIBH
Heart Blocked

Characteristic p-Value

<0.0001
0.0117
0.0206
0.2865

<0.0001
0.0694

<0.0001
0.0403
0.0388
0.8670

<0.000
0.0784

95% CI
Mean dose to the LAD Dose to 0.1 cc of the LAD

(8.57, 14.76)
(0.14, 1.09)
(0.66, 7.97)
(-1.17, 5.55)
(-8.99, -3.29)
(6.23, 0.23)

11.67
0.61
4.31
2.19

-6.14
-3.00

32.35
1.01
7.83

-0.58
-17.20

-5.90

(26.06, 38.64)
(0.04, 1.98)

(0.40, 15.25)
(-7.41, 6.25)

(-23.00, -11.40)
(-12.47,0.67)

Estimate p-Value95% CIEstimate

A

B


