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DESCRIPTION OF THE HANDBOOK

introduction

This Handbook contains data from which absorbed dose in selected tissues can be
estunated for fluoroscopic and cineangiographic examinations of the coronary
arteries of adults represented by a reference male and a reference female
anthropomorphic phantom (Appendix A). The Handbook is designed to permit users
to evaluate tissue doses in reference adults for the range of examination conditions
prevalent in clinical facilities. Since the variation in anthropometric characteristics of
real people is not considered, assignment of the data to individual patients may lead
to misestimation of tissue doses, except for absorbed dose in the entrance skin in
the primary field.

Handbook Tables 1 through 11 are each based on a distinct x-ray field commonly
used in coronary interventional radiology. Associated with each field are a view, an
arterial projection, and technique factors such as tube potential (kVp), half-value
layer (HVL), source-to-skin distance (SSD), source-to-image-receptor distance (SID),
and field-of-view (FOV) diameter at the image receptor, where all fields of view were
modeled as circular. The selection of the x-ray fields derives from analyses of
practice primarily at the Institut de Cardiologie de Montréal (1), particularly from a
study {2) of 230 examinations conducted in 1988. Although the set of x-ray fields
corresponds to the experience at one clinic, the scope of views and arterial -
projections represented make the Tables generally applicable to approximate a broad
range of examinations following a variety of clinical protocofs in many different
venues.

Table entries are presented as conversion coefficients (CC), i.e., as absorbed dose in
a specific tissue per unit air kerma determined free-in-air {and without the presence 7
of a supporting tabletop) at a reference plane corresponding to where the skin-
entrance plane would be. The Handbook user must supply estimates of the air
kermas associated with the examination to estimate absorbed doses.

For each tissue, conversion coefficients are calculated from a Monte Carlo computer
code simulating radiation transport in mathematical, anthrepomorphic gender-
differentiated phantoms. These phantoms and codes have evolved for calculations
in medical dosimetry over a number of years {3-6). The ADAM (male) and EVA
(female} versions used for this Handbook were developed at the Institut fir
Strahlenschutz, GSF — Farschungszentrum fiir Umwelt und Gesundheit {5,6).
ADAM is a modification of the original MIRD-5 phantom of the Medical Internal
Radiation Dose Committee (3). EVA is the ADAM phantom reduced uniformly to
83 percent of its original size, with the testes excluded and the ovaries, uterus, and
female breasts included (5). An esophagus has recently been incorporated in both
phantoms (6}, and for this Handbook the conversion coefficient for the colon is the




mass-weighted sum of conversion coefficients for the upper large intestine and
lower large intestine. The simulations have no modeling, however, to incorporate
contrast media used in examinations of the coronary arteries.

In order to model the variable attenuation of x rays through an intervening tabletop
for all views, a supporting tabletop composed of tissue-equivalent material was
added to the computer code. The supporting tabletop is 250 ¢m long, 60 cm wide
and 0.7 cm thick. The phantoms were centered with the back on top of the
supporting tabletop. There was no modeling of tabletop padding used for patient
comfort; such padding would tend to harden the x-ray field incident on a patient.

Acronyms and special terminology used in the Handbook generaily are defined when
they are introduced and are also compiled in a Glossary on pages xiv and xv.
Index of Handbook Tables

Conversion Coefficients for
Fluoroscopy and Cineangiography of the Coronary Arteries

Table Number View? Page Number

RAO 30° {left)

RAQO 30° {right)

LAQO 30° {right)
LLAT (left)

RAO 15° Caudal 25° (left)
RAQO 15° Cranial 25° {left)
Cranial 20° (right)
LAO 45° Cranial 25° (left)
LAO 45° (left)

RAQ 10° Cranial 40° {left)

Anterior (left)

;ja‘cooo\:oumhwm-a
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BN o5 W N ok W N

Nominal Conversion
Coefficients

*"Left” or "right” in parentheses refers to the left or right ventricle whose center is
the "field center” toward which the central ray is directed in a particular view.



View-by-View Analysis of an Examination (Tables 1 throuah 11)

Tables 1 through 11 are used with the instructions for Method A, which descrit : a
view-by-view analysis of an examination. These Tables are titled by the views they
represent — right anterior oblique (RAQ), left anterior oblique {LAQ}, left late-al
(LLAT), cranial, and caudal. Labeling of the views conforms to the convenuons of
interventional cardiac radiology, where views are designated from the perspective of
the image-receptor looking at the patient. The field center is the left ventricle for
Tables 1, 4-6, 8-11; the field center is the right ventricle for Tables 2, 3 and 7.
Figure B-1 in Appendix B illustrates the irradiation geometry and labeling
conventions. Table B-1 provides the phantom coordinates that locate the left and
right ventricle centers. Figure B-2 depicts the intersections of the x-ray fields and
skin-entrance planes. The specific arteries visualized in each view are indicated in
the information above each Table, and arterial locations about the heart are depicted
in Appendix C, Figure C-1.

Associated with each entry of Tables 1 through 11 is a measure of the statistical
uncertainty of a conversion coefficient derived from the simulations by the Monte
Carlo technique. The statistical uncertainty referred to is the standard deviation (SD)
of the mean value {4,7) of the conversion coefficient for a particular phantom
gender, irradiation geometry, tissue and HVL. The mean value is the conversion
coefficient resulting from Monte Carlo simulations of radiation transport initiated
with 5 million incident photons, and it is the entry value presented in the Tables.
The coefficient of variation (CV) is the ratio of the standard deviation of the mean to
the magnitude of the mean:

100 x one SD,,....,
CV (in percent) =

conversion coefficient

Each row of entries in Tables 1 through 11 represents a group of conversion
coefficients for a specified tissue. For each row, the entry in the column labeled
"Max. CV" is the maximum value (in percent) among the CV’s associated with the
conversion coefficients for that tissue.

Nominal Apalysis of an Examination (Table 12)

The entries of Table 12 are provided as "Nominal Conversion Coefficients.” A
nominal conversion coefficient is defined as the arithmetic mean of the
corresponding entries of Tables 1 through 11, each value averaged respective to
tissue and HVL. Table 12 is used with the instructions for Method B, in which an
examination is characterized in an overall sense. Use of Table 12 with Method B
offers a quick, but less accurate, way to estimate nominal tissue doses for a
compiete examination without detailed specifications for the particular views applied




clinically. This approach is acceptable for coronary artery examinations because all
of the views share the heart as a relatively small, common, central region
intercepted by the central ray of each different x-ray field. The approach, however,
would not be valid, for example, for upper gastrointestinal fluoroscopic
examinations, where there is no single common locus of the multiple x-ray fields.

Associated with each entry of Table 12 is a measure of the spread of the related
values presented in Tables 1 through 11, namely, the standard deviation {SD) of the
distribution of related conversion coefficients. In Table 12, the coefficient of
variation {labeled "CV,,,") is the ratio of the standard deviation to the nominal
conversion coefficient:

100 x one SD

CV,___ (in percent) =

nom

nominal conversion coefficient

In Table 12, the entry in the column labeled "Max. CV,,." is the maximum value (in
percent) among the CV, ,'s associated with the nominal conversion coefficients for
that tissue. For any particular tissue, one expects a discrepancy from using

Table 12 instead of any other single Table. The magnitude of the maximum
discrepancy {in percent) is the Max. CV,,,. Because clinical examinations typically
involve multiple views, the differences between results evaluated from Table 12 and
those evaluated from the other relevant Tables will usually be smaller than the

Max. CV, .. values in Table 12.

Radiation Quantities and Units
Conversion coefficients are presented in units of the Systéme International (S1} as

mGy (absorbed dose in tissue) per 1 Gy (air kerma), where the air kerma is
determined free-in-air at a reference plane corresponding to the skin-entrance plane.

Beam Quality

Conversion coefficients are provided for six beam qualities, three for the male {2.5,
4.0 and 5.5 mm Al HVL) and three for the female (2.0, 3.5 and 5.0 mm Al HVL).
The range of each HVL set corresponds to a spread of + 2 standard deviations
about respective mean tube potentials observed in the study (2} conducted at the
Institut de Cardiologie de Montréal. HVL measurements are free-in-air and without
the presence of a supporting tabletop. The overall range of HVL covered in the
Handbook corresponds to that observed in a nationwide survey of fluoroscopy
practice in the United States (8).

In practice, beam quality is associated with a variety of different combinations of



tube potential, filtration (i.e., exclusive of tabletop}, and waveform. For the Monte
Carlo calculations of conversion coefficients, six representative x-ray spectra were
generated at GSF to match the range of tube potentials and HVLs observed in the
Institut de Cardiologie de Montréal study {2). The beam qualities for the six x-ray
spectra are:

Male Female
Peak Tube Total HVL Peak Tube Total HWVL
Potential (kV) Fiitration (mm Al) | Potential {(kV) Filtration {mm Al)
{mm Al) {mm Al)
60 3.5 2.5 50 3.3 2.0
90 4.0 4.0 80 3.9 3.5
120 4.3 5.5 110 4.2 5.0

For the usual ranges of these parameters in fluoroscopy and cineangiography of the
coronary arteries, one can approximate the beam quality with a single parameter,
namely, HVL, irrespective of values of the other associated parameters. This
approximation is adopted in this Handbook. For these examinations, the
approximation contributes an uncertainty of less than about + 10 percent in the
value of the conversion coefficients when actual tube potentials and total filtrations
differ from those listed for the HVLs above.

Irradiation Geometry

In the radiation transport simulations, reference values of SSD, SID, FOV ...
diameter at the image-receptor (IR} plane, and view angles were used, as cited in
each Table. In actual clinical examinations, the values of these parameters may
differ from the reference values. Variations in SSD, SID, and FOV at the IR plane
were evaluated with an independent computer program (9} yielding the following
results:

(1) FOV fixed
For anterior and lateral views with a field-of-view area fixed at 113 cm?,
conversion coefficients were evaluated for lung, active bone marrow, thyroid,
and trunk tissue. For each tissue at each of two beam qualities (2.0- and 5.5-
mm Al HVL), the conversion coefficients varied by approximately +20% over
the ranges of SSD (50 to 70 c¢cm} and SID {80 to 110 cm) evaluated.

{2) SSD and SID fixed
With these same beam qualities and views, for a fixed SSD (60 c¢cm) and fixed
SID {90 cm), respective conversion coefficients were found o be
approximately proportional to the FOV area (i.e., over the range 95 to
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415 cm?) at the IR plane.

(3} FOV, SSD, and SID varied
Within an HVL range of 3.0 to 5.1 mm Al and with an anterior view, an
ensemble of values of SSD (46 to 73 cm), SID (92 to 113 cm}, and FOV area
(181 to 412 cm?) were varied independently of each other. For a specific
beam quality and tissue, irrespective of SSD and SID, ratios of conversion
coefficients were approximated by corresponding ratios of FOV areas to
within a relative uncertainty of about +40%, that is:

CC,,.../CC,.., = FOV area,/FOV area,.

On the basis of these results, when the clinical FOV diameter differs from the
reference FOV.,,., diameter by more than +20%, irrespective of how much the
clinical SSD and SID may differ from the reference SSD and SID listed in a Table, it
is recommended that an FOV correction be applied to tabulated conversion
coefficients. (See Instructions on pages xi and xil.)

Tissues
The tissues selected for presentation in the Handbook fall into three categories:

(N Entrance Skin in the Primary Field
The tissue at greatest risk for deterministic injury is that portion of skin lying
directly in the path of the incident primary field. In the Tables, this portion s
designated "entrance skin in primary field,” {abbreviated "ESPF"), and its
conversion coefficients are highlighted in a shaded row. The entrance skin in
the primary field is only a smal! fraction of the entire skin tissue; the extent is
delimited and the location is determined by the collimation and irradiation
geometry modeled in the simulations. For each of the views in the Handbook,
the entrance skin in the primary field surrounds the skin-entry point of the
central ray of the x-ray beam and occupies an approximately elliptical area on
the plane tangent to the phantom surface at this point; the thickness of the
skin modeled in the computer code is 0.2 cm. The location of each region of
ESPF is different for each view. Figure B-2 in Appendix B displays the locus
of the entrance-skin area for each of the anterior/oblique views modeled in the
Handbook. For an examination that entails use of multiple views, this figure
can serve as a guide to indicate the extent of primary-field overlap in a
subportion of entrance-skin.

(2) internal Tissues with Associated Stochastic Health Effects
Tissues for which the International Commission on Radiological Protection
(ICRP} (10} has provided risk coefficients for cancer mortality, genetic effects,
and in utero effects are the brain, thyroid, thymus, active bone marrow,
esophagus, lung, adrenal, spieen, pancreas, stomach, liver, kidney, colon,

VI



(3}

small intestine, urinary bladder, and breast, ovary, and uterus for the female,
and testis for the male.

The average absorbed dose in the uterus is used to approximate the absorbed
dose in the embryo. This approximation is strictly applicable only in the first
two months of pregnancy.

The Heart

The heart surrounds the ventricle isocenters and always lies within the field of
view. Of all internal organs, it typically receives the highest absorbed dose
per unit air kerma and the highest cumulative absorbed dose for a complete
examination. Conversion coefficients for the heart are provided for reference
only; there is no health effect yet established for absorbed doses in the ranges
that occur in these examinations.

Except for the conversion coefficients cited for the entrance skin in the primary field,
each other entry corrésponds to the absorbed dose averaged over the entire mass of
specified tissue, e.g., right and left lungs, right and left ovaries, all of the active
bone marrow distributed throughout the body.




INSTRUCTIONS FOR USE OF HANDBOOK

The following instructions offer two ways of computing absorbed doses in tissues
from fluoroscopic and cineangiographic examinations of the coronary arteries.
Method A: The instructions provide a more accurate, but information-intensive
method in which all of the views used clinically are analyzed in detaill. Method B:
The instructions provide a less accurate method in which general observations are
used to represent the examination with nominal values of the important factors that
affect the magnitude of absorbed doses. Method B is recommended for routine
assessments.

Method A: View-by-View Analysis of an Examination (Tables 1
through 11) — A sample calculation is provided in Appendix D.

1.

Represent examination views
Appendix D, Table D-1, gives a sample data array for an actual sequence of

examination segments and their association with Handbook Tables 1 through
11.

a. For each view being represented, select the Table whose angulations
are closest to those of the clinical view. First consider transverse
angulation. Second consider sagittal angulation.

b. Disregard differences between the SSD and SID given in a Table and
those values actually used in the examination.

Determine air kermas (free-in-air at skin-entrance planes)

To estimate tissue doses, it is essential that a user know the radiation output
of the x-ray systems for the modes applied in the examination. Following
Instruction 1, group the examination segments according to common view
and the applicable Table. For each group, determine the air kerma (free-in-
air). Air kerma values are needed for the fluoroscopic and the
cineangiographic components. Fluoroscopic air kerma may be evaluated as
the product of fluoroscopic air kerma rate and fluoroscopic irradiation time.
Cineangiographic air kermma may be evaluated as the product of the
cineangicgraphic air kerma rate {(per frame rate} and the number of cine
frames.

Appendix D,' Table D-2, gives an example of how air kermas are determined
for each group of examination segments associated with a common view and
applicable Table.



Determine applicable HVLs and Field of View corrections
For each group of examination segments associated with a Table,

a) Select HVL.
For each group, enter the Table at the HVL closest to the estimat- of
the actual clinical HVL: 2.5, 4.0, or 5.5 mm Al for males; 2.0, 3.5, or
5.0 mm Al for females.

b) Correct for Field of View (FOV),
If the actual clinical FOV diameter at the image-receptor plane for a
group differs by more than +20% from the reference Monte Carlo FOV
diameter in the Table, calculate the correction factor as follows:

(FOV,,../FOV,,,.)%

group
This correction factor is applicable for all tissues doses except the
entrance skin in the primary field (ESPF). No FOV correction is to be
applied for ESPF.

Note:

FOV 4w is the average field-of-view diameter for a group of clinical
examination segments.

FOV1... is the field-of-view diameter specified in each Table for the
Monte Carlo simulation.

Appendix D, Table D-3, gives the HVL selections and FOV corrections for the
sample examination represented in Tables D-1 and D-2.

Select conversion_coefficients

For each group of examination segments associated with a Table (1 through
11), select conversion coefficients according to the HVLs from Instruction 3.
See Appendix D, Table D-4.

Compute tissue doses for each view

For each group of examination segments associated with a Table (1 through
11), multiply the conversion coefficients from Instruction 4 by the
corresponding air kermas determined in Instruction 2. For all tissues except
the entrance skin in the primary field (ESPF), the tissue dose is this product
times the FOV correction factor determined in Instruction 3. For ESPF, the
dose is simply the product without any FOV correction factor. See Appendix
D, Table D-4.

Compute tissue doses for examination
The cumulative tissue doses for the examination are the sums of the
contributions from each view in Instruction 5. See Appendix D, Table D-4.




Method B: Nominal Analysis of an Examination (Table 12) — A sample
calculation is provided in Appendix E.

1.

Characterize the complete examination, irrespective of view and fluoroscopic or
cineangiographic mode, with a singte nominal value for each of the following four
parameters:

{a) HVL,

{b) total air kerma (free-in-air at skin-entrance plane) for all the fluoroscopic
plus cineangiographic segments (i.e., summed for all skin-entrance planes,
wherever these planes are located},

{c) FOV ...na diameter at the image-receptor plane, and

{d) the highest cumulative entrance air kerma (i.e., fluoroscopic plus
cineangiographic) at any single skin location. Such a skin region may be
irradiated in only one view or possibly in multiple views that share a
common locus of irradiation.

Using the nominal HVL from Instruction 1.a, select the conversion coefficientsin
Table 12 for each tissue of interest. Linear interpolation between HVLs is
recommended when the nominal HVL is different than the tabulated HVLs.

If the FOV, ;.. diameter from Instruction 1.c is more than +20% different than
14 cm, the FOV correction factor for all tissues except the entrance skin in the
primary field (ESPF) is computed as follows:

(FOV /14 cm)?.

nominal

No FOV correction is to be applied for the entrance skin in the primary field.

Note:

FOV,...ina 1S @ single value for the complete clinical examination, taken as an
average field-of-view diameter for all segments (irrespective of view and
fluoroscopic or cineangiographic mode).

The value of 14 cm (from Table 12} is the average of the FOV diameters given in
Tables 1-11.

For each tissue except the entrance skin in the primary field, the absorbed dose
is the product of the interpolated conversion coefficient {Instruction 2), the total
air kerma for all examination segments (Instruction 1b), and the FOV correction
factor {Instruction 3, if applicable).

The maximum absorbed dose in the entrance skin at any single location in the
primary field(s) is the product of the interpolated conversion coefficient
(Instruction 2) and the highest cumulative entrance air kerma (Instruction 1d) at
any single skin location.

Appendix E, Table E-1, illustrates how Method B is applied to the sample examination.
In that sample, the nominal values for the four parameters {(Instruction ta-1d) were



determined from the measured data detailed in Tables D-1 through D-3. In practice,
most users will not have access to such detailed data, and they will have to rely on
their best overall estimates of nominal values for the four parameters.

A comparison of results of Methods A and B is given in Appendix F; and a synopsis of
results for the sample examinationis given in Appendix G.
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Glossary

ABM

applicable Handbook

Table

applicable HVL

CA
caud
CcC
cine

conversion
coefficient

cran

Ccv

cv

diam
ESPF
fluoro
FOV
FOV

groug

active bone marrow

Table whose view most closely represents the view of a group
of segments of a clinical examination, selected according to
Instructions for Method A

half-value layer entry to a Table: most closely represents the
HVL of a group of segments of a clinical examination, selected
according to Instructions for Method A

coronary angiography
caudal

conversion coefficient
cineangiographic

absorbed dose in a specific tissue per unit air kerma {free-in-air
at the skin-entrance plane), tabulated in Tables 1-11

cranial

coefficient of variation: the ratio of the standard deviation of
the mean to the magnitude of the mean, where "mean” refers
to any of the conversion coefficient values cited in Tables 1-11

coefficient of variation for nominal {Table 12) conversion
coefficient: ratio of standard deviation of the distribution
(Tables 1-11) of conversion coefficients to nominal conversion
coefficient (Tabie 12)

diameter

entrance skin in primary field
fluoroscopic

field of view at the image-receptor plane

average field-of-view diameter (at image-receptor plane) for a
group of fluoroscopic or cineangiographic clinical examination
segments that share a common view, grouped according to
Instructions for Method A

nominal field-of-view diameter (at image-receptor plane): a
single value for the complete clinical examination, taken as an
average field-of-view diameter for all segments (irrespective of
view and fluoroscopic or cineangiographic mode), applied
according to Instructions for Method B
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Glossary (continued)

FOVTabIe

group of examination
segments

HVL

image-receptor plane

IR

kVp

LAO
LCA
LLAT

Lv

Max. CV

Max. CV,.

nominal conversion
coefficient

nominal HVL

RAO
RCA
SD
SD
SID
SSD

field-of-view diameter (at image-receptor plane) specified in
each Table, used to define the size of the x-ray field in the
Monte Carlo simulation generating the conversion coefficier s

a set of clinical fluoroscopic or cineangiographic examination
segments sharing a common view and associated with a
specific Table, used in Method A

half-value layer

x-ray entrance plane at the input screen of the image-intensifier
tube

image receptor

peak x-ray tube potential
left anterior oblique

left coronary angiography
left lateral

!eft ventriculogram

maximum value among the coefficients of variation associated
with the conversion coefficients for a particular tissue {see
Tables 1-11)

maximum value among the coefficients of variation associated
with the nominal conversion coefficients for a particular tissue
{see Table 12)

conversion coefficient tabulated in Table 12 as the mean value
of the corresponding entries of Tables 1-11, applied according
to Instructions for Method B

a single value for the complete clinical examination, taken as an
average half-value layer for all segments (irrespective of view
and fluoroscopic or cineangiographic mode), applied according
to Instructions for Method B

right anterior oblique

right coronary angiography
standard deviation

standard deviation of the mean
source-to-image-receptor distance

source-to-skin distance
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Table 1.

RAO 30° (left)

tissue dose (mGy) per 1-Gy air kerma (free-in-air at skin-entrance plarie}

Angulaticn® of image receptor: transverse — 30°, sagittal 0°. Field center*; left ventricle.
SSD =60 c¢m; SID =90 cm; FOV,,,, diameter at image receptor=14 cm.

Arteries® visualized: LM; mid, dis Cx: M,, My, prox, dis LAD; D,; /d: LAV, LPLS, Crux, LPDA

HVL {(mm Al) 2.5 4.0 5.5 2.0 3.5 5.0
Max. CV
Tissue Female (%)°
Entraneesk,n b :
in_primary field - | |
Brain 0.004 0.027 0.057 0.002 0.025 0.056 12.6
Thyroid 017 0.73 1.1 0.12 0.70 1.4 9.5
Thymus 3.5 9.4 13.5 2.4 9.6 16.3 2.2
Active bone 5.2 9.5 12.6 4.7 10.0 14.4 0.1
marrow
Esophagus 23.2 46.8 63.4 19.6 48.6 72.2 0.7
Lung 63.6 93.3 110 57.8 95.8 119 0.1 I
Breast 3.5 11.5 ig.4 0.5
Heart 54.9 107 142 43.5 106 153 0.2
Adrenal 9.3 19.6 26.1 7.3 20.0 29.4 - 1.5
Spleen 8.0 16.9 22.3 6.2 16.8 24.5 0.6
Pancreas 7.0 16.7 23.2 4.9 16.2 25.3 0.8
Stomach 4.3 10.3 14.2 3.0 10.0 15.4 0.8 I
Liver 1.9 5.2 7.8 1.3 5.1 8.8 0.5
Kidney 1.2 3.2 4.9 0.80 3.2 5.5 1.2
Colon 0.066 0.30 0.51 0.037 0.30 0.62 3.9
Small intestine 0.079 0.37 0.67 0.044 0.35 0.75 2.7
Ovary 0.006 0.079 0.17 54.2
Uterus 0.006 0.079 0.16 24.4
Urinary bladder 0.001 0.020 0.051 0.001 0.021 0.048 42.7
Testis + + 0.007 66.8

*See Appendix B, Irradiation Geometry.
PSee Appendix C, Coronary Artery Nomenclature
“Maximum coefficient of variation in percent.

+ Less than 0.001 mGy absorbed dose per 1 Gy air kerma.




Angulation® of image receptor: transverse — 30°, sagittal 0°. Field center®: right ventricle.

Table 2. RAO 30° (right}

tissue dose (mGy) per 1-Gy air kerma (free-in-air at skin-entrance plane)

SSD =60 ¢cm; SID =90 cm; FOV,,,, diameter at image receptor=14 cm.

Arteries® visualized: mid RCA; rd: RPDA

|| HVL {mm Al)

2.5 4.0 5.5 2.0 3.6 5.0
Tissue Mate Female
Emranceskm | 1200:2: = 1113 _r..1:'1_'_"}';3. : 948 1093 "3:1_11;:67
primary field- |- B SR ' ' '

Brain 0.004 0.029 0.067 0.002 0.026 0.060
Thyroid 0.21 0.75 1.2 0.099 0.73 1.5
Thymus 3.4 9.5 13.8 2.4 9.8 16.2 2.2
Active bone 5.0 9.0 11.8 4.5 9.4 13.5 0.
marrow
Esophagus 21.2 41,7 6.4 17.9 45.0 65.2 0.7
Lung 67.0 97.8 116 60.8 101 124 0.1 |
Breast 3.9 12.6 20.1 0.5
Heart 54.6 106 141 43.4 105 151 0.2
Adrenal 8.6 18.8 25.4 6.6 19.1 27.9 1.6
Spleen 8.4 17.5 23.2 6.5 17.6 25.4 0.6
Pancreas 7.0 16.7 23.5 5.0 16.3 24.9 0.8
Stomach 4.5 10.6 14.8 3.2 10.3 16.2 0.8
Liver 1.8 5.1 7.7 1.2 5.1 8.6 0.5
Kidney 1.2 3.2 4.8 0.79 3.2 5.4 1.2
Colon 0.064 0.30 0.62 0.038 0.30 0.63 3.8
Small intestine 0.080 0.38 0.66 0.041 0.35 0.75 2.7
Ovary 0.007 0.074 0.18 49.4 “
Uterus 0.006 0.060 0.16 19.8
Urinary bladder 0.002 0.020 0.044 0.002 0.019 0.050 38.4
Testis 0.001 0.002 0.004 100.0

“See Appendix B, lrradiation Geometry.
PSee Appendix C, Coronary Artery Nomenclature
“Maximum coefficient of variation in percent.



Table 3. LAO 30° (right)

tissue dose (mGy) per 1-Gy air kerma (free-in-air at skin-entrance plane)

Angulation” of image receptor: transverse 30°, sagittal 0°. Field center*: right ventricle.
55D =60 cm; SID =90 cm; FOV,,,,. diameter at image receptor=12 cm.

Arteries® visualized: prox, mid, dis RCA: rd- RPDA, Crux, RPLS

HVL {mm Al} 2.5 4.0 5.5 2.0 3.5 5.0
Tissue Male Female Ma(%cc:v

_ Entranée-ski’n;_ : :"1998:': - ; :_ﬁ-.1-115‘15257

in primary. field:: el B o
Brain 0.003 0.017 0.035 0.001 0.016 0.041 12.6
Thyroid 0.13 0.48 0.78 0.067 0.53 1.0 10.3
Thymus 2.4 6.5 9.6 1.6 6.7 10.9 2.3
Active bone 3.8 7.1 9.5 34 7.4 10.8 0.1
marrow

Esophagus 10.0 23.6 32.6 7.3 23.4 36.9 G.9
Lung 43.3 63.3 74.8 40.2 66.1 81.9 .1
Breast 1.9 6.9 11.6 0.6
Heart 39.8 791 107 31.8 79.4 116 .2
Adrenal 7.1 15.3 20.5 5.3 14.6 22.4 1.5
Spleen 0.36 1.5 2.5 0.21 1.4 2.8 2.5
FPancreas 2.0 5.7 8.9 1.4 5.7 9.9 1.3
Stomach 0.60 2.1 3.4 0.38 2.0 3.9 1.8
Liver 6.0 12.8 17.2 4.7 12.8 18.9 0.2
Kidney 0.85 2.4 3.6 0.56 2.4 4.0 1.2
Colon 0.060 - 0.22 0.39 0.026 0.22 0.46 4.1
Small intestine 0.057 0.26 0.47 0.027 0.25 0.53 2.8
Ovary 0.002 0.049 0.14 41.4 ||
Uterus 0.003 0.046 0.13 21.2
Urinary bladder 0.001 0.016 0.031 0.001 0.014 0.038 40.5
Testis + 0.002 0.002 69.5

"See Appendix B, irradiation Geometry.
PSee Appendix C, Caoronary Artery Nomenclature
“Maximum coefficient of variation in percent.

+ Less than 0.001 mGy absorbed dose per 1 Gy air kerma.




Table 4. LLAT (left)

tissue dose (MmGy) per 1-Gy air kerma {free-in-air at skin-entrance plane})

Angulation® of image receptor: transverse 90°, sagittal 0°. Field center®: left ventricle.
SSD =50 cm; SID =90 ¢m; FOV,,,, diameter at image receptor=15 cm.

Arteries® visualized: mid, dis Cx; M,, My; LAV; mid, dis LAD; D,; Dy; D,

" HVL (mm Al 2.5 4.0 5.5 2.0 3.5 5.0
Max. CV
Tissue Female (%)°

Centianceskin | 1080 1148 1187 | 1oss 13z 174 |02 |
Brain 0.003 0.023 0.042 0.001 0.017 0.046 14.1
Thyroid 0.13 0.49 0.81 0.057 0.53 1.0 12.1
Thymus 1.7 5.2 8.1 1.2 5.4 9.3 2.7
Active bone 2.0 4.1 5.8 1.7 4.4 6.8 0.1
marrow :
Esophagus 3.8 11.2 17.1 3.0 11.8 20.3 i.5
Lung 20.1 38.1 50.3 17.8 40.6 57.5 0.2
Breast 4.1 10.8 16.1 0.4

| Heart 19.0 42.8 60.8 15.5 45.1 69.7 0.3
Adrenal 1.7 4.7 7.8 1.0 4.9 8.9 3.5
Spleen 0.28 1.2 2.0 0.16 1.2 2.5 3.2
Pancreas 0.99 3.6 5.8 0.64 3.7 6.7 2.0
Stomach 0.44 1.7 2.8 0.29 1.7 3.4 2.3
Liver 4.5 11.0 15.7 3.4 11.3 17.8 0.3
Kidney 0.31 1.2 2.1 0.18 1.2 2.3 2.1
Colon 0.035 0.18 0.32 0.020 0.19 0.41 4.9
Small intestine 0.039 0.20 0.40 0.020 0.20 0.47 3.6
Ovary 0.002 0.046 0.080 47.7
Uterus 0.002 0.038 0.10 316
Urinary bladder | 0.001  0.011  0.021 + 0011 0.037 61.0
Testis + 0.001 0.002 73.6

“See Appendix B, Irradiation Geometry.

®Saa Appendix C, Coronary Artery Nomenclature
“Maximum coefficient ot variation in percent,

+ Less than 0.001 mGy absorbed dose per 1 Gy air kerma.



Table 5. RAO 15° Caudal 25° (left)

tissue dose (mGy) per 1-Gy air kerma (free-in-air at skin-entrance plane)

Angulation® of finage receptor: transverse —15°, sagittal —25°. Field center®: left ventricle.
SSD =60 cm; SID = 90 ecm; FOV,,,,, diameter at image receptor =12 cm.

Arteries® visualized: LM; prox, mid, dis Cx; M,, M,, My; Int; prox LAD; /d: LAV, LPLS, Crux, LPDA

HVL {mm Al} 2.5

4.0

5.5

2.0

3.5

5.0

Tissue

Male

Female

Max. CV
(%)

(Entrance skin | 1

Brain 0.004
Thyroid 0.16
Thymus 1.9
Active bone 4.9
marrow

Esophagus 16.4
Lung 28.7
Breast

Heart 25.5
Adrenal 2.6
Spleen 2.6
Pancreas 2.8
Stomach 2.2
Liver 1.1
Kidney 0.39
Colon 0.033
Small intestine 0.041
QOvary

Uterus

Urinary bladder 0.001
Testis +

0.010
0.002

- 0.017

0.004

0.013

0.029 67.3
57.8

*See Appendix B, lrradiation Geometry,

bSee Appendix C, Coronary Artery Nomenciature
"Maximum coefficient of variation in percant.

+ Less than 0.001 mGy absorbed dose per 1 Gy air kerma.




tissue dose (mGy) per 1-Gy air kerma (free-in-air at skin-entrance plane)

Angulation® of image receptor: transverse — 15°, sagittal 25°. Field center": left ventricle.

Table 6. RAO 15° Cranial 25° (left)

S5D =70 cm; SID=95 cm; FOV,,,,, diameter at image receptor=12 cm.

Arteries® visualized: mid, dis LAD; D,, D,

HVL (mm Al) 2.5 4.0 5.6 2.0 3.5
Tissue Male Female

Brain 0.002 0.016 0.039 0.001 0.016 0.039
Thyroid Q.11 0.43 0.77 0.074 0.44 0.92
Thymus 3.0 8.9 13.6 2.4 9.5 16.5
Active bone 6.2 11.6 15.7 5.4 1.9 17.4
marrow

Esophagus 15.7 36.0 51.9 11.6 34.6 54.6
Lung 29.6 47.5 58.4 26.7 49.2 64.1
Breast 2.4 8.1 13.3
Heart 27.9 60.6 84.8 21.2 59.9 91.7
Adrenai 72.0 18 145 66.8 125 163
Spleen 12.4 25.1 33.0 10.0 25.7 36.5
Pancreas 9.7 22.4 31.2 7.2 22.2 34.2
Stomach 3.5 9.0 12.9 2.4 8.8 14.4
Liver 1.2 3.9 6.2 0.78 3.9 7.0
Kidney 4.4 9.5 12.7 3.5 9.6 14.2
Colon 0.094 0.38 0.67 0.055 0.39 0.81
Smatll intestine 0.12 0.52 0.90 0.067 0.49 1.0
Ovary 0.004 0.085 0.21
Uterus 0.006 0.095 0.21
Urinary bladder 0.004 0.023 0.063 0.001 0.030 0.064
Testis + + 0.005

17.5
13.5
2.4
0.1

0.8
0.1
0.6
0.2
0.6
0.4
0.6
0.8
0.5
0.6
3.1
2.0
34.1
16.0
44 .1
100.0

"Ses Appendix B, Irradiation Geometry.

PSaen Appendix C, Coronary Artery Nomenclature
‘Maximum coefficient of variation in percent,

+ Less than 0.001 mGy absorbed dose per 1 Gy air kerma,



Table 7. Cranial 20° (right)

tissue dose (mGy) per 1-Gy air kerma (free-in-air at skin-entrance plane)

Angulation® of image receptor: transverse 0°, sagittal 20°. Field center": right ventricle.
SSD =60 cm; SID =90 cm; FOV,,,,, diameter at image receptor =12 c¢cm,

Arteries” visualized: prox, mid, dis RCA; rd: RPDA, Crux, RPLS

HVL {mm Al 2.5 4.0 5.5 2.0 3.5 5.0
Tissue Male Female Ma(;,)?v
I

Brain 0.001 0.007 0.016 + 0.006 0.018 25.2
Thyroid 0.029 0.16 0.32 0.018 0.21 0.43 20.4
Thymus 0.60 2.4 3.9 0.38 2.4 4.8 4.7
Active bone 8.9 17.4 23.8 7.3 16.9 25.1 0.1
marrow
Esophagus 9.1 25.6 40.1 5.9 23.5 40.5 1.0
Lung 6.2 13.4 18.5 5.1 13.9 20.9 0.2
Breast 0.80 3.6 6.6 0.9
Heart 12.5 32.6 49.3 9.6 33.6 55.8 0.3
Adrenal 61.4 104 130 60.2 117 156 0.6
Spleen 2.9 7.9 11.3 2.2 7.7 12.5 0.8
Pancreas 5.3 14.6 21.8 3.8 14.4 241 0.8
Stomach 1.4 4.5 7.0 0.95 4.4 7.9 1.1 “
liver 2.4 6.8 10.4 1.8 7.0 12.0 0.3
Kidney 2.9 7.0 10.1 2.1 7.0 11.2 0.6
Colon 0.062 0.32 0.58 0.037 0.31 0.70 3.3
Small intestine 0.082 0.41 0.75 0.045 0.39 0.87 2.2
Ovary 0.010 0.081 0.19 37.4
Uterus 0.004 0.076 0.18 19.4
Urinary bladder 0.004 - 0.021 0.036 0.001 0.024 0.061 50.5
Testis +  0.001 0.007 95.5 [t

“Ses Appendix 8, frradiation Geometry.
"Saa Appendix C, Coronary Artery Nomenciature
*Maximum coafficient of variation in percent.

+ Less than Q.001 mGy absorbad dose per 1 Gy air kerma.



Table 8. LAO 45° Cranial 25° {left)

tissue dose {mGy) per 1-Gy air kerma {free-in-air at skin-entrance plane}

Angulation* of imagé receptor: transverse 45°, sagittal 25°. Field center™: left ventricle.
SSD =65 cm: SID=90 ¢ ; FOV,,,, diameter at image receptor=12 cm.

Arteries® visualized: LM; prox, mid, dis LAD; S,, S, Sg Dy, Do, D,

-

" HVL {mm Al) 2.5 4.0 5.5 2.0 3.5 5.0
Max. CV
Tissue Male Female (%)°
‘ 02

Brain 0.001 0.012 0.027 ¢.001 0.013 0.034 19.0
Thyroid 0.070 0.30 0.53 0.050 0.36 0.71 15.6
Thymus 1.1 3.7 6.0 0.78 3.9 7.3 3.6
Active bone 6.0 11.9 16.6 5.0 12.0 18.2 0.1
marrow

Esophagus 9.9 25.1 37.5 6.5 23.0 38.6 1.1
Lung 17.5 30.4 39.0 15.1 31.0 42.7 0.2
Breast 0.87 4.0 7.3 0.9
Heart 19.7 43.5 61.6 15.5 44.5 68.7 0.3
Adrenal 82.2 140 177 72.7 144 194 0.6
Spleen 0.61 2.6 4.5 0.33 2.5 5.0 2.2
Pancreas 3.9 11.0 16.9 2.8 10.8 18.9 . 1.0
Stomach 0.71 2.7 4.6 0.42 2.6 5.2 1.8
Liver 21.3 37.8 48.5 18.4 39.1 53.8 0.1
Kidney - 8.6 16.4 21.3 7.6 17.5 24.2 0.4
Colon 0.14 0.54 0.93 0.088 0.54 1.1 2.4
Small intestine 0.18 0.70 1.2 0.10 0.67 1.3 1.6
Qvary 0.013 0.100 0.34 23.9
Uterus 0.011 0.12 0.27 14.7
Urinary biadder 0.005 0.046 0.064 0.004 0.039 0.067 29.5 ‘
Testis 0.001 0.002 0.003 94.4

*Ses Appendix B, Irradiation Geometry.
PSee Appendix C, Coronary Artery Nomenclature
“Maximum coefficient of variation in percent.

+ Less than 0.001 mGy absorbed dose per ¥ Gy air kerma.



Table 9. LAO 45° (left)

tissue dose (mGy) per 1-Gy air kerma (free-in-air at skin-entrance plane)

Angulation® of image receptor: transverse 45°, sagittal 0°. Field center®: left ventricle.
SSD =55 cm; SID =90 cm; FOV,,,,, diameter at image receptor =12 cm.

Arteries® visualized: mid, dis Cx; M,, My; Id: LAV, LPLS, Crux, LPDA; RCA

" HVL {mm Al}

2.5 4.0 5.5 2.0 3.5 5.0
Max. CV
Tissue Male Female (%)*
in primary .

Brain 0.002 0.014 0.029 0,001 0.012 0.031 13.8 “
Thyroid 0.088 0.38 0.65 0.062 0.39 0.80 10.6
Thymus 1.3 4.0 6.2 0.89 4.1 7.1 2.7
Active bone 4.2 8.2 11.3 3.5 8.4 12.6 0.1
marrow

Esophagus 12.8 29.9 43.0 9.3 29.4 46.5 0.8
Lung 26.6 40.9 49.6 24.6 42.8 54.8 0.1
Breast 1.4 5.b 8.5 0.7
Heart 28.9 57.8 78.5 23.7 59.8 87.8 0.2
Adrenal 6.0 13.4 18.4 4.4 13.2 20.2 1.5
Spleen 0.42 1.6 2.9 0.23 1.6 3.2 2.2
Pancreas 1.7 5.0 7.8 1.1 4.9 8.7 1.3
Stomach 0.58 2.0 3.3 0.37 2.0 3.9 1.7
Liver 3.9 8.5 11.6 2.9 8.4 12.7 0.2
Kidney 0.67 2.0 3.1 0.46 1.9 3.4 1.2
Colon 0.034 0.16 0.30 0.020 017 0.36 4.2
Small intestine 0.041 0.20 0.38 0.022 0.19 0.43 3.0
Qvary 0.005 0.040 0.084 37.9
Uterus 0.003 0.039 0.096 23.9
Urinary bladder 0.002 0.013 0.028 0.001 0.009 0.032 48.3
Testis + 0.003 0.003 67.2

*See Appendix B, Irradiation Geometry.

PSee Appendix C, Coronary Artery Nomenclature
“‘Maximum coefficient of variation in percent.

+Less than 0.001 mGy absorbed dose per 1 Gy air kerma.



Table 10. RAQ 10° Cranial 40° (left)

tissue dose (MGy) per 1-Gy air kerma {free-in-air at skin-entrance plane)

Angulation® of image receptor: transverse — 10°, sagittal 40°. Field center®: left ventricle.
SSD =60 ¢m; SID =106 « n; FOV,,,, diameter at image receptor =12 cm.

Arteries® visualized: prox, mid, dis LAD; D,, Dy, D3; S;. Sz, S5

" HVL {mm Al) 2.5 4.0 5.5 2.0 3.5 5.0
Max. CV

" Tissue Male (%)°

IrEntranc 4 k | e6z 1 086 : Coqae b 0‘-_:2:?_:
Cinprimaey fieid s L SRS ¢ RIS
Brain 0.001 0.008 0.017 + 0.006 0.020 18.6
Thyroid 0.039 0.19 0.37 0.022 0.17 0.43 17.2
Thymus 1.5 4.5 7.1 1.1 4.8 8.7 3.0
Active bone 3.9 7.4 10.1 3.3 7.5 11.1 0.1
marrow

I Esophagus 5.8 14.8 22.1 4.0 14.0 236 1.0 |
Lung 7.3 14.0 18.5 6.1 14.4 20.6 0.2
Breast 0.46 2.1 3.9 0.9
Heart 9.2 22.4 33.0 6.8 22.7 36.9 0.3
Adrenal 102 166 207 86.0 162 214 0.4
Spleen 9.6 19.8 26.1 7.6 20.0 28.7 0.4
Pancreas 8.6 19.8 27.2 6.4 19.4 29.7 0.5
Stomach 2.3 6.1 8.9 1.6 5.9 9.8 0.8
Liver 0.73 2.5 4.0 0.46 2.4 4.5 0.5
Kidney 12.8 21.7 27.0 12.2 24.0 31.6 0.3

i Colon 0.1 0.42 0.70 0.073 0.43 0.84 21
Small intestine C.16 0.61 1.0 0.098 0.57 1.1 1.3
Ovary 0.017 0.12 0.30 : 24.9
Uterus 0.009 0.098 0.23 12.8
Urinary bladder 0.004 0.031 0.052 0.002 0.030 0.065 27.7
Testis + + 0.002 79.7

:See Appendix B, {rradiation Geometry.
See Appendix C, Coronary Artery Nomenclature
*Maximum coetficiant of variation in percent.

+ Less than 0.001 mGy absorbed dose per 1 Gy air kerma,



Table 11. Anterior View (left)

tissue dose {mGy) per 1-Gy air kerma (free-in-air at skin-entrance plane)

Angulation® of image receptor: transverse 0°, sagittal 0°. Field center": ieft ventricle.
55D =50 cm; SID =90 cm; FOV,,,,, diameter at image receptor =23 cm.

Arteries® visualized: dis Cx; D,; dis LAD

Max, CV
{%)°

HVL {mm Al) 2.5 4.0 5.5 2.0 35 5.0
Tissue Male Female

Entance s
- Inpomary-iiejg:: o

Brain 0.005 0.038 0.086 0.003 0.036 0.095
Thyroid 0.23 0.98 1.7 0.15 1.1 2.3
Thymus 3.9 11.6 19.2 2.7 12.7 22.6
Active bone 17.2 32.5 43.9 14.4 32.0 46.6
marrow

Esophagus 26.7 67.2 101 18.4 64.2 106
Lung 60.9 97.6 121 57.6 105 137
Breast 11.7 31.8 48.5
Heart 33.5 80.6 117 24.6 79.2 127
Adrenal 40.1 73.0 94.0 381 82.4 113
Spleen 8.7 20.3 27.9 6.8 20.4 31.5
Pancreas 10.2 25.6 37.4 7.5 26.2 42.2
Stomach 6.3 15.3 22.2 4.8 16.1 26.0
Liver 3.2 9.7 15.0 2.4 10.1 17.8
Kidney 2.3 6.6 10.0 1.7 6.8 11.4
Colon 0.10 0.47 0.89 0.054 0.51 1.1
Small intestine 0.12 0.60 1.1 0.066 0.60 1.3
Ovary 0.008 0.11 0.31
Uterus 0.006 0.094 0.24
Urinary bladder 0.002 0.021 0.078 0.002 0.037 0.100
Testis + 0.009 0.003

14.7
12.0
2.9
0.1

0.9
0.1
c.4
0.3
1.1
0.8
0.9
0.9
0.5

1.1

4.4

2.9
51.3
25.6
67.7
68.4

*See Appendix 8, lrradiation Geometry.
bSee Appendix C, Coronary Artery Nomaenclature
“Maximum coefficient of variation in parcent.

+ Less than 0.001 mGy absorbed dose per 1 Gy air kerma.

11



Table 12. Nominal Conversion Coefficients
tissue dose (MmGy) per 1-Gy air kerma (free-in-air at skin-entrance plane)

Average vatues for all angulations of image receptor.*
SSD = 60 cm; SID =90 ¢ 1; FOV,,,, diameter at image receptor =14 cm.

HVL {(mm Al) 2.5 4.0 b.5 2.0 3.5 5.0 Max. C:Jnom
Tissue Male Female %l
fnwanceskin | 1000 1120 1180 | 90 fos0 1170
cinprimary field | o o o T T S
Brain 0.003 0.020 0.041 0.001 0.018 0.045
Thyroid 0.12 0.50 0.856 0.075 0.53 1.1
Thy~ius 2.2 6.5 9.9 1.6 6.7 12
Active bone 6.1 12 16 h.2 12 17
marrow
Esophagus 14 33 47 11 32 51
Lung 34 53 65 21 55 71
Breast 3.0 9.4 15 110
Heart 30 62 86 23 63 95 50
Adrenal 36 62 78 32 64 87 100
Spleen 4.9 11 15 3.8 11 17 100
Pancreas 5.4 14 20 3.8 13 22 60
Stomach 2.4 6.3 9.3 1.7 6.3 10 90
f| Liver 4.4 9.7 14"l 3.5 9.9 15 150
Kidney 3.2 6.8 9.3 2.7 7.1 11 140 (l
Colon 0.071 0.31 0.58 0.043 0.32 0.67 50
Small intestine 0.091 0.40 0.72 0.050 0.39 0.82 60
Ovary 0.007 0.076 0.19 70 I
Uterus 0.005 0.071 0.17 60
Urinary bladder 0.003 0.021 0.044 0.001 0.023 0.054 BO
Testis + 0.002 0.004 150

A tabulated nominal conversion coefficient is the arithmetic mean of the respective entries of Tables 1 through 11.

EMax. CV, .. refers to the maximum amongst the (six) coefficients of variation for a particular tissue, Here CV ., is the ratio {in
percent} of the standard deviation to the nominal convarsion coefficient (for a particular tissue and HVL}. The standard deviation
refers to the distribution of entries in Tables 1 through 11 from which a Table-12 mean is calculated as a nominal value (for a
particutar tissue and HVL).

+ Less than 0.001 mGy absorbed dose per 1 Gy air kerma.



APPENDIX A. Phantom Anthropometric Characteristics

Table A-1. Dimensions {cm) and Weight (kg) of Reference Malie
(ADAM) and Female (EVA) Adult Phantoms (5)
Male (ADAM) Female {EVA) "
Height 170.0 160.0 4"
Head, anterior-posterior 20.0 18.8
thickness
side-to-side width 16.0 15.0
circumference 56.7 53.3
Thorax and abdomen, anterior- 20.0 18.8, 23.9°
posterior thickness
side-to-side width® 40.0 37.6 “
circumnference® 96.9 1.1
Weight 70.5 59.2 JI

*18.8 cm from back to chest wall; 23.9 cm from back to nipple of breast.
*The torsos of Adam and Eva are elliptical cylinders which incorporate arms at the sides. Hence the
"side-to-side width"” and "circumference” include the arms as part of the dimensions specified.

13



APPENDIX B. Irradiation Geometry

Views are described from the perspective of an observer at the image receptor looking at the phantom.
In Tables 1-11 the “transverse angulation” is the angle between the table perpendicular and the
geometric projection of the central ray in the transverse plane. A negative angle corresponds to an
oblique view of the phantom’s right anterior and designates an "RAQO" view. A positive angle
corresponds to a view of the phantom’s left anterior and designates an "LAO" view. The "sagittal
angulation” is the angle between the table perpendicular and the geometric projection of the central ray
in the sagittal plane. A negative value cofresponds to a view of the phantom from a caudal perspective,
a positive value from a cranial perspective.

Transverse
Plane

Image Receptor

Sagittal Plane

Pa

I I 111 rriTi:il

| A 9 S P 7 S o T D

X-ray Source

Figure B-1. Sign conventions for transverse- and sagittal-plane angulations.

For each of the x-ray fields simulated, the central ray follows a trajectory through a "field center” within
each phantom that is either the left or right ventricle center, as specified in Tables 1-11. The following
coordinates locate the ventricle centers: :

Table B-1. = Coordinates” (cm) of Ventricle Centers
Phantom Gender Left Right
X, v, 2 X, Y, z,
Male (ADAM) 2.83 ~2.03 48.43 0.72 ~6.56 48.43
Female (EVA) 2.66 ~1.91 45.52 0.68 -6.17 45.52

*In the phantom coordinate system {5}, +Xx is the distance from the midsagittal plane toward the
phantom’s left; +vy is the distance from the midfrontal plane toward the phantom’s posterior; +z is the
distance from the base of the torso toward the vertex {located at z = 94 cm for ADAM, B9 cm for EVAJ.
The origin of the coordinate system is the point intersected by the midsagittal plane, the midfrontal plane,
and the horizontal plane at the base of the torso.
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Figure B-2. Projections of the intersections of various x-ray fields (page iv]) with the skin-entrance

planes of the male phantom ADAM.

Figure B-2 is depicted from the perspective of an observer loocking toward the anterior of the phantom; x-
rays originate posterior to the phantorn. The xz-plane shown is parallel to the tabletop plane. Each
elliptical area is a geometric projection of an x-ray field intersection of a skin-entrance plane. A skin-
entrance plane is the plane tangent to the phantom surface at the point where the central ray intercepts
the posterior skin surface. Arrows indicate central-ray trajectories of each field toward the right {R) or
left {L} ventricle center {Table B-1). X-ray fields are labeled by the Handbook Table numbers appearing
within the ellipses. The field associated with the LLAT view (Table 4} is not represented in this figure.

In the phantom coordinate system (5), +x is the distance from the midsagittal plane toward the
phantom’s left; +vy is the distance from the midfrontal plane toward the phantom’s posterior; +z is the
distance from the base of the torso toward the vertex, located at z = + 94 em for ADAM. The origin of
the coordinate system is the point intersected by the midsagittal plane, the midfrontal pfane, and the
horizontal plane at the base of the torso. For the ensemble of elliptical projections shown, values of the
y coordinate range from + 7.5 cm to + 10.4 ¢cm, corresponding to the phantom posterior.
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APPENDIX C. Coronary Artery Nomenclature

The names of the coronary arteries used in this handbook are adopted from the anatomy nomenclature
described in the Coronary Artery Surgery Study {CASS) (11} and extended in the Bypass Angioplasty
Revascularization Investination {BARI) {12}). Table C-1 defines the abbreviations cited in Tables 1-111in
terms of this nomenclature, and it also lists the corresponding arterial segment identification numbers as
given in references (11} and (12}. Major arteries are depicted in Figure C-1.

" Table C-1. Abbreviations, Terminology, and CASS/BARI
Identification Numbers of Coronary Artery System
Abbreviation Terminology Reference {11,12) ldentification Numbers
Crux posteroatrioventricular groove 5
segment
Cx circumflex artery 18 (proximal), 19 (middle), 19a (distal}
D,, D, D, first, second, third diagonals 15, 16, 29, respectively
dis distal
Int ramus intermedius 28
LAD left anterior descending artery 12 (proximal}, 13 (middle), 14 (distal)
LAV left atrioventricular groove segment, 23
circumfiex artery continuation
) left-dominant coronary circulation
LM left main coronary artery 11
LPDA left posterior descending artery 27 {present for left dominance)
LPLS left posterolateral segments 24 (first), 25 (second), 26 {third)
{present for mixed or left dominance)
M,. M,, M, first, second, third obtuse marginals 20, 21, 22, respectively
mid middle
prox proximal
RCA right coronary artery 1 (proximal), 2 {middle}, 3 (distal)
rd right-dominant coronary circulation
RPDA right posterior descending artery 4 (present for right dominance)
RPLS right posterolateral segments 6 {first), 7 {second), 8 {third)
{present for right dominance)
S,. 5., 5; first, second, third anterior septals 17
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APPENDIX D. Sample Analysis of Fluoroscopic and Cineangiographic
Examination of the Coronary Arteries

Method A: Vie w-by-View Analysis of an Examination

Tissue doses from a broad range of axaminations of the coronary arteries may be estimated on the basis of the 11
views simulated for this Handbook. Clinically representative examinations may be analyzed from videotape and film
records. Videotape records may be dubbed with a time code as well as with complementary information about image-
receptor angulations, field-center location and FOV diameter, operating tube voltage, current, and, as warranted,

pulse width, frame rate, and irradiation intervals for all continuous and pulsed fluoroscopic and cineangiographic
modes. The records may then be analyzed in terms of fluoroscopic scan segments and associated cineangiographic
films whose views most closely cotrespond to those simulated for Tables 1 through 11.

As an example, Tables D-1 through D-4 illustrate such an analysis adapted from an actual left-heart study of an adult
male {13). The study entailed a teft ventriculogram (LV) done in biplanar-mode (i.e., with simultaneous image
acquisilion by two x-ray systems at complementary angles} followed by left (L) and right {R) coronary angiegraphy
{CA). The specific fluoroscopic irradiation times, number of cine frames used, and associated examination sequence
and technique factors were all recorded in (13).

Tables D-1 through D-4 follow the instructions for Method A: View-by-Viaw Analysis of an Examination, and they
correspond to four phases in the evaluation of tissue doses — (1) association of Handbook Table views with
examination views, {2) evaluation of fluoroscopic and cineangiographic air kerma for each of the Table views of the
examination, {3) HVL selection and FOV correction for each of the Table views, and {4} selection of Table conversion
coefficients and evaluation of tissue doses.

Table D-1. Adult Male LV/ILCA/RCA — Examination Sequence

Examination Parameters® {13) - Applicable
" Handbook
 “Table®
Fluoro Time (min}; View Voltage Current {mA}; $sD sID FOV
No. of Cine Frames (kVp) Pulse width {cm) fcm} diam®
ims})® {cm)
LV preparation

[x-ray sys. 1)

a 3.0 min Anterior 85 4.0 mA 46 92 22.9 _. S A
b 1.6 min Anterior 75 3.5 mA 46 92 22.9 RN B
c 1.9 min LAQ 37° 76 4.5 mA 53 94 22.9 ' :-_ 3
d 1.1 min RAQO 38° 20 5.0 mA 53 94 15.2 ' 1
e 0.6 min LAO a4° 90 4.0 mA 53 94 15.2 9
f 0.5 min Anterior 80 4.0 mA 53 96 229 (R
g 4.0 min LAO 417 80 5.0 mA 53 96 229 | . g

LV {x-ray sys. 1}

h 1.6 min RAQ 30° 76 2.0 mA 56 94 22.9 1
t 0.6 min; RAOQ 30° 75; 2.0 mA; 56 94 22.9 1
240 frames 70 2.0ms
[x-ray sys. 2)
] 0.8 min LAQ 6Q° 75 12.0 mA 56 11 22.9 9
k 1.0 min; LAO 60° 100; 5.0 mA; 56 111 22.9 9
240 frames 85 53 ms

10



Table D-1. {(continued)

Examination Parameters® (13) Applicable
Handbook
Table’

Fluoro Time {min); View Voltage Current {mA}); SsD SID FOV

No. of Cine Frames (kVp) Pulse width {cm} {cm) diam®

imsj® {cm}

LCA (x-ray sys. 1)
| 0.4 min Anterior 76 2.0 mA 56 91 22.9
I

m 0.3 min; LAO 40° 102; 3.5 mA; 56 a0 15.2
106 frames 75 5.9 ms

n 0.2 min; {LAO 41° 120; 4.0 mA; 66 103 15.2
126 frames Cran 197} a7 10.0 ms

o a.1 min; Cranial 38° 120; 4.0 mA; 73 113 15.2
138 frames a1 10.0 ms

p 0.1 min; RAQO 31° 120; 4.0 mA; 73 102 15,2
137 frames 75 6.7 ms

q 0.1 min; {RAO 42° 120; 4.0 mA; 73 105 15.2
147 frames Caud 15°) 84 7.3 ms

r 0.2 min; {LAO 22° 120; 4.0 mA; 73 102 15.2
98 frames Caud 307} 84 7.6 ms

RCA (x-ray sys. 1}

g 0.2 min Anterior 76 3.5 mA 69 102 22.9

t 0.6 min; LAQO 39° 120; 4.0 mA; 59 100 15.2
130 frames 75 7.0ms

u 0.2 min; {LAO 45° 120; 4.0 mA; 59 105 16.2
131 frames Cran 19°} 108 10.0 ms

v 0.1 min; {RAO 38&° 120; 4.0 mA; 59 103 15.2
118 frames Cran 20°} rot 7.3ms

w 0.1 min Cranial 40° 120 4.0 mA 73 113 1b.2

X 0.8 min LAO 41° 120 4.0 mA 59 105 15.2

y 0.3 min Anterior 76 3.5 mA 53 96 22.9

2z 0.9 min Anterior 110 3.5 mA 53 96 195.2

aa 0.4 min; Cranial 42° 120 4.0 mA; 79 114 15.2
124 frames 114 10.0 ms

*The chronological sequence of examination sagments is represented alphabetically. For any particular segment, the

cine mode was pulsed at rate of 1800 frames/min and had the same angulations, SSD, SID, and FOV diameter as

listed for the fluoro mode (13}. Values for other cineangigraphic parameters are indicated in itafics. Cineangiography

was not done for each examination segment.

*Tube current values refer to fluoroscopic mode only; pulse width values refer to cineangiographic mode only (13).

“Field-of-view diameter at the image-receptor plane (13).

“See Method A, Instruction 1.




For each of the applicable Tables enumerated in Table D-1, the x-ray system(s} radiation output needs to be evaluated
separately for tha fluoroscopic and cineangicgraphic modas of aperation. For reference planes located at observed SSDs,
one determines air kerma {free-in-air). Continuing with the preceding example of analysis of an LV/LCA/RCA examination as
recarded in (13], Table D-2 illustrates evaluations of radiation output for each group of examination sagments associated
with a view.

Table D-2. Adult wtale LV/LCA/RCA — Examination Radiation Qutput

Appli- Examina- sSsD* Voltage® Group Current® Fluoro Air Fluaro Fluoro Air
cable tion {em) {kVp} HVL® {mA) Kerma Rate? Irradia- Kerma'
Hand- Segment {mm Al) {Gy/min) tion {Gy)
book Group* Time*
Table® {fluoro) {min)

1 {d,h,i.p} 56 82 3.3 3.0 0.032 3.4 .11

3 {c.r} 55 80 3.2 4.5 0.048 21 0.10

5 q 73 120 5.1 4.0 0.048 0.1 0.005

6 v 59 120 5.1 4.0 0.074 0.1 0.007

B {n,u} 63 120 5.1 4.0 0.079 0.4 0.032

3 {e.qik, 55 90 35 5.4 0.067 8.1 0.55

m,t,x} .
10 {o,w,aa} 77 120 5.1 4.0 0.043 0.6 0026
11 {a,b,f}, 49 84 3.4 3.7 0.054 6.9 0.37
8.Y.Z) o

Appli- Examina- sspb Voltage® Group Pulse Cine Number . Cine.
cable tion {cm} (kVp) HvL® Width® Air Kerma of Cine Air K:e;ma"' :
Hand- Segment (mm Al) {ms) Rate? Frames” (Gy)
book Group® {Gy/min} .
Table® {cine}

1 {i.p} 62 72 2.8 3.6 0.23 387 0,046

3 r 73 24 3.9 7.6 0.39 98 ) 0.021

5 q 73 B4 3.4 7.3 0.356 147 '0.029

6 v 59 101 4,2 7.3 0.61 118 -0.040

8 {n,u} 62 103 4.3 10.0 0.74 257 0.‘!.1

je] {k,m,t} 57 80 3.0 5.9 0.49 476 0.13 B

10 {o.aa} 76 102 4.3 10.0 0.50 262 . 0.073 :J

*For each group, examination segments share a common view and are associated with an applicablie Table. See Table D-1.
BAn entry is the average value for the group of examination segments, each contribution {Table D-1} weighted by segment
irradiation time if flucroscopic or by the number of cine frames in the segment if cineangiographic.

<An HVL of the examination segement group is evaluated according to the voltage (Table D-2 column 4} for the group and
calibrations (13) of HVL versus tube voltage.

“The fluoroscopic air kerma rate of the examination segment group is evaluated according to the voitage {Table D-2 column
4) for the group and calibrations {13) of air kerma rate versus tube voltagse. The evaluation includes an inverse-square-taw
correction to account for the group SSD (Table D-2 column 3} and an adjustment for group current {Table D-2 column 6.
*For each group of examination segments (13}, an entry is the sum of the irradiation times (Table D-1} if fluoroscopic or the
sum of the numbers of cine frames (Table D-1) if cineangiographic.

tAir kerma (free-in-air) at SSD, evaluated as the product of the fluoroscopic air kerma rate {Table D-2 column 7} and
irradiation time (Table D-2 column 8}.

9The cine air kerma rate of the examination segment group is evaluated according to the voltage {Table D-2 calumn 4) for the
group and calibrations (13} of air kerma rate versus tube voltage. The evaluation includes an inverse-square-law correction
1o account for the group SSD (Table D-2 column 3} and an adjustment for group pulse width (Table D-2 column 6).

"Air kerma (free-in-air} at $SD, product of the cine air kerma rate (Table D-2 column 7. per 1800 frames/min} and number of
frames {Tabte D-2 column B).



In order to select appropriate conversion cosefficisnts, HVLs applicable to tabulated entries of the coefficients need to
be designated for each Table. Applicable HVLs are those HVLs in the Tables which most closely represent the
average HVL of the group of examination segments associated with a Table. Furthermore, one needs to apply a
correction factor when a clinical field-of-view diameter (FOV, .., for a group of examination segments is different by
more than +20% from FOV,,,. the diameter specified in each Table. Table D-3 illustrates the determination of
applicable HVLs and FOV correction factors.

Table D-3. Adult Male LV/LCA/RCA — HVLs, FOV Corrections Applicable to
Evaluate Tissue Doses

Appli- Examination Group HVL®  Appiicable FOV 00 FOV,,,." diam CFOV-
cable Segment Group® {mm Al HVL® {mm Al diam {em) {cm) -~ Corraction:..
Hand- Lol BT acti
book
Table® _
fluoro {d,h,i,p} 3.3 g0 20.2 14 RPN
cine {i.p} 2.8 R 20.2 14
fluoro {c,r) 3.2 26 22.2 12
3 ST
cine r 3.9 15.2 12
fluoro q 5.1 15.2 12
5
{ cine q 3.4 15.2 12
" fluoro v 5.1 15.2 12
6
cine v 4.2 15.2 ‘ 12
fluoro {n,u} 5.1 e 55 15.2 12
8 s
cine {n,u} 4.3 R 5o I 15.2 12
fluoro 3.5 2.0 20.7 12 30
2] {e.g.i.k,m,t,x} R :
cine {k,m,t} 3.0 2B 19.2 12 L2E
fluoro {o,w,aa) 5.1 : 55 15.2 12 E 1.6 :
cine {o,aa} 4.3 N 15.2 12 B
11 fluoro 3.4 .0 21.9 23 St
{a.b.f,l,5,y,2} :'..,applic.ablq--;_,:"

*For each group, examination segments share a common view and are associated with an applicable Table, See
Table D-1. '

*From Table D-2.

“HVL applicable in the selection of conversion coefficients from the Tables. For examinations of males, applicable
HVLs are 2.5, 4.0, and 5.5 mm Af; for females, applicable HVLs are 2.0, 3.5, 5.0 mm Al. In this example, the
examination is of a male. The specific values selected are thosa that most closaly represent respective group HVLs.
"An entry is the average value for the group of examination segments, each contribution {Table D-1) weighted by
segment irradiation time if fluoroscopic or by the numbaer of cine frames in the segment if cineangiographic.

*FOV 1. is the diameter specified in the applicable Table for the field of view at the image-receptor plane. Its value
defines the size of the x-ray field in the Monte Carlo simulation generating the Table conversion cosfficients.

'"When FOV ., differs from FOV,,,. by more than +20%, a correction factor is applicable in the evaluation of tissue
dose for all tissue except the Entrance Skin in the Primary Field (ESPF). The applicable FOV corraction factor =
(FOV 0uoFOV L)% No FOV correction factor is to be applied in evaluation of dose in ESPF.




For each view of the examination, conversion coefficients are selected according to applicable HVL.
For tissues other than the Entrance Skin in the Primary Field (ESPF), the dose is evaluated as the
product of the conversion coefficient, the air kerma, and the FOV correction factor {when FOV
correction is applicable}. For ESPF, the dose is evaluated as the product of the conversion
coefficient and the air xerma. These evaluations are illustrated in Table D-4.

Table D-4. Adult Male LV/LCA/RCA — Absorbed Doses to
Entrance Skin in Primary Field (ESPF), Active Bone
Marrow (ABM) and Lung Tissue

Appii- Examina- Appli- Tissue Dose (mGy) Air FOV Tissue Dose' (mGy)
cable tion cable | per 1-Gy Air Kerma® | Kerma®  coree
Hand- Segment HvL® {Gy) vt
book g ESPF ABM  Lung Y Facter ESPF ABM Lung
Table® Group® (mm Al)
fluoro 4.0 1120 9.5 93.3 0.11 2.1 123 2.2 22
{d.h,i,p}
1
cine {i.p} 2.5 1005 5.2 63.6 0.046 _ 2.1 ___f_lfi___ 0.?1___55‘:1__
view subtotal 0.16 169 2.7 28

fluoro {c,r} 2.5 998 3:8 433 0.10 3.4 100 1.3 15

3 cine r 4.0 1112 7.1 63.3 ]| 0.021 1.6 | 23 _(_)L%f____Z_._'!__
view subtotal 0.12 123 1.5 17
fluoro q 5.5 1187 12.2 56.1 0.005 1.6 5] 0.10 0.45
5 cine q 4.0 1123 9.1 45.8 | 0.029 1.6 __:_3_3____(_);{&_“_:'2_.]__
view subtotal 0.034 39 0.52 2.6
fluoro v 5.5 1204 15.7 58.4 | 0.007 1.6 8 0.18 0.65
6 cine v 4.0 1142 11.6 47.5 | 0.040 1.6 46 __9]_‘}___53_.9_;
view subtotal 0.047 54 0.92 3.7
fluoro 5.5 1135 16.6 39.0 | 0.032 1.6 36 0.85 2.0
{n,u}
8
cine {n,u} 4.0 1063 11.9 30.4 0.11 1.6 17 “2_._1'____?_.53__
view subtotal 0.14 153 2.9 7.3
fluoro 4.0 1060 8.2 409 0.556 3.0 583 14 67
{e!gljrkr
9 m,t,x}
cine 2.5 939 4.2 26.6 0.13 2.5 122 1.4 8.6
{k,m,t}

view subtotal 0.68 7056 15 76




Table D-4. (continued)

Appli- Examina- Appli- Tissue Dose {MmGy) Adr FOV Tissue Dose' (mGy)
cable tion cable per 1-Gy Air Kerma® | Kerma?  cotree
Handt Segment | HVL® (GY) et
book 9 ESPF ABM  Lung Factor ESPF ABM  Lung
Table® Group‘ (mm Al)
fluaro 5.6 1149 10.1 18.5 | 0.026 1.6 30 0.42 0.77
{o,w,aa}
10
| cine {o,aa} 4.0 1086 7.4 140 | 0073 1.6 ___2_9_&___9;232____1_-9_,||
view subtotal 0.099 109 1.29 2.4
11 fluoro 4.0 1198 32.5 97.6 0.37 n/a 443 12 36
{alblfl'll
s,v.2}
Fluoroscopic g g
©_subtotal .
Cinéangiographic: " g g
Examination tot g g

*For each group, examination segments share a common view and are associated with an applicable
Table. See Table D-1.

®From Table D-3.
‘Entries excerpted from Tables 1 through 11, as specified according to applicable Table.
“From Table D-2.

“From Table D-3. When FOV,,, diameter differs by less than £ 20% from the FOV,,,. diameter, no
correction is applicable, and the entry is denoted "n/a." When applicable, the FOV correction factor
refers to the evaluation of doses in all tissues except for the entrance skin in the primary field
(ESPF).

'For tissues other than ESPF, the dose is the product of the tissue dose (mGy) per 1-Gy air kerma
{free-in-air at the skin-entrance plane), air kerma , and the FOV correction factor. Dose in ESPF is
the product of the ESPF dose (mGy} per 1-Gy air kerma (free-in-air at the skin-entrance plane} and
the air kerma.

SSubtotals and totals are not relevant for noncumulative quantities. Air kermas for the different
views of the examination entail different irradiation geometries and are not cumulative at a unique
location; a different region of entrance skin tissue is irradiated for each different view, and ESPF
doses are cumulative only to the iimited extent that entrance skin sites share a common locus of
irradiation in the various primary fields {Appendix B, Figure B-2},
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APPENDIX E. Sample Analysis of Fluoroscopic and
Cineangiographic Examination of the Coronary Arteries

Method B: Nominal Analysis of an Examination

One can apply an aiternative method to evaluate nominal tissue doses. Table E-1
illustrates how nominal tissue doses can be evaluated without the detailed
information required for Method A. Table E-1 follows the instructions for Method B:
Nominal Analysis of an Examination. Method B is illustrated in Table E-1 for the
same examination exemplified in Tables D-1 through D-4.

Table E-1. Adult Male LV/LCA/RCA — Absorbed Doses to
ESPF, ABM and Lung Tissue by Nominal Analysis
Parameters for Entire Exam Nominal Values® “
nominal half-value layer {HVL) 3.6 mm Al
total air kerma {free-in-air) at all skin-entrance 1.6 Gy
planes
FOV ... diameter at image-receptor plane 20 cm
highest cumulative entrance air kerma at any 0.80 Gy
single skin location
FOV correction factor: (20/14)? 2.0 F
Tissue Tissue Dose {mGy) per 1-Gy Nominal® Tissue Dose® {mGy)
Air Kerma® for Entire Examination
Entrance skin in primary field 1090 g870°
(ESPF)*
Active bone -marrow (ABM) 10 32
Lung 48 150

*See text below.

bConversion coefficients have been interpolated in this particular example for 3.6 mm Al HVL from
Handbook Table 12 entries corresponding to 2.5 and 4.0 mm Al, respectively by tissue.

“For all tissues except ESPF, tissue dose is a product of the interpolated conversion coefficient, total
air kerma (1.6 Gy in this example), and the FOV correction factor (2.0 in this example}.

‘The dose in ESPF is the largest amount for any single skin location. It is the product of the
interpolated conversion coefficient {1090 mGy/Gy in this example) and the highest cumulative
entrance air kerma (0.80 Gy in this example) at any single skin location.

The principal point of Table E-1 is to illustrate how to app/y Method B after the
nominal HVL, tetal air kerma, FOV, ... diameter, and highest cumulative entrance
air kerma at any single skin location have been estimated by a user. Table E-1 does
not prescribe Aow to determine nominal HVL, total air kerma, FOV .., diameter,
and highest cumulative entrance air kerma at any single skin location.



Authors’ comments:

1. In this particular example, the values tabulated to represent "nominail” HVL
and the FOV. . ... diameter are air-kerma-weighted averages of the
parameters specified view-by-view in Table D-2. The total air kerma value 1.6
Gy is a sum of the air kermas for each view. Similarly, the "nominal”
estimate 0.80 Gy for the highest cumulative entrance air kerma at any single
skin location is a sum of the air kermas associated with the LAO 45° view
(Table 9, 0.68 Gy) and the LAO 30° view (Table 3, 0.12 Gy), which share a
common locus of skin irradiation (Figure B-2).

Because the values selected for the "nominal” examination parameters are in
fact true averages and true sums rather than nominal estimates, they
constitute an optimal representation of the entire examination. Such an
optimal representation enables a direct comparison (see Table F-1) of how
dose values determined from a nominal analysis differ from those of a view-
by-view analysis, since there is no confounding uncertainty in the magnitudes
of the nominal values.

2. In a typical application of Method B, a user ordinarily will rely on estimated
values of parameters for the entire examination that may be truly nominal. In
this situation there are inaccuracies introduced to the extent that such
nominal values differ from the optimal values. For example, if a user
underestimates the total air kerma with a nominal value of 1 Gy instead of
1.6 Gy in Table E-1, the user would obtain correspondingly underestimated
nominal doses of 21 mGy to the active bone marrow and 94 mGy to the
lungs.

A




Appendix F. Comparison of Results from
Methods A and B

In Table F-1, the tissue doses estimated with Methods A and B are for the same
sample examination given in Appendix D. Method A applies the view-by-view
values and the approach indicated in Tables D-1 through D-4. Method B applies the
approach indicated in Table E-1 to nominally represent the entire examination.

Table F-1. Adult Male LV/LCA/RCA — Tissue Doses for Entire
Examination: Method A versus Method B

Tissue Tissue Dose (mGy} Tissue Dose (mGy) -“
determined with Method A determined with Method B
Entrance skin in primary field | | . 830' B N - 870" |
{ESPF) : : SN N :
Brain 0.054 0.049
Thyroid t.4 1.3
| Thymus 18 17
Active bone marrow 37 32
Esophagus 110 88
Lung 170 150
Heart 200 170
Adrenat 130 180
Spleen 22 30
| Pancreas 32 36
I Stomach 15 17
Liver 33 26
Kidney 16 19
| Colon 0.82 0.80
Small intestine 1.0 1.0
Urinary bhladder 0.065 0.051
Testis + +

*The dose in the ESPF is the fargest sum (in this case, 705 mGy plus 123 mGy, associated with Tables 9 and
3, respectively) of cumulative contributions to entrance skin sites sharing a common region of exposure. See
page 23, footnote "g,” and Appendix B, Figure B-2.

*The dose in the ESPF is the largest amount for any single skin location. Itis the product of the interpolated
conversion coefficient {1090 mGy/Gy in this examplel and the highest cumulative entrance air kerma (0.80 Gy
in this example} at any single skin location (estimated in this example from the sum 0.68 Gy plus 0.12 Gy,
associated with Tables 9 and 3, respectively.}

+Less than 0.01 mG..
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APPENDIX G. Synopsis of Results for the Sample
Examination

Absorbed Dose_in the Entrance Skin in the Primary Field (Method A Resuits)

Because a variety of different views are used in the examination, no single area of
entrance skin is uniquely irradiated throughout the examination. The largest single
cumulative dose {830 mGy) in a portion of ESPF occurs for the LAQ 45° (Table 9)
and LAO 30° (Table 3) views, where a common region of skin is irradiated (Figure B-
2). Of all tissues, ESPF is at greatest risk for acute injury {i.e., erythema, epilation,
or possibly more serious uiceration and necrosis). For this sample examination,
depending on view, dose in the ESPF ranges from 39 to 830 mGy, below the typical
threshold of 2000 mGy (14) for early transient erythema.

Absorbed Dose_in Internal Tissues {Method A Results)

Absorbed doses in internal tissues are cumulative for the entire examination. In this
example, the total absorbed dose in lung tissue is 173 mGy, and in active bone
marrow (ABM) it is 37 mGy. For the fields of view used, larger fractions of lung,
esophageal, and adrenal tissues are in the radiation fields than other internal tissues
at risk. Although the absorbed dose in the heart is larger, the heart is not subject to
radiation risk at this level of dose. The magnitude of the absorbed dose in these
tissues is relatively small compared to the maximum absorbed dose in the ESPF.
The absorbed doses in the other internal tissues are an order of magnitude or more
smaliler than the absorbed doses in the lung, esophageal, and adrenal tissues.

Overall, the cineangiographic contribution to tissue doses is approximately one fifth
of the fluoroscopic contribution. However, for any particular view, this ratio is not
representative of the relative cineangiographic and fluoroscopic contributions to
tissue dose. In approximately half of the views, the cineangiographic dose is

about 3 times larger than the fluoroscopic dose. The overall result is skewed by the
large fluoroscopic contribution {without any cineangiographic contribution) from the
anterior view,

Comparison of Tissue Doses Estimated with Method A versus Method B

The largest percentage differences between tissue doses estimated with Method A
versus Method B occur for the adrenal and spleen tissues, about +40%. The
relative differences for other tissues are smaller. Because of the multiple views used
in this sample examination, these differences are all significantly smaller than the
maximum CV__  values indicated in Table 12.
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