A comparison of radiation doses from
modern multi-slice Computed
Tomography angiography and

conventional diagnostic Angiography:




Introduction

e Approached by Dr Oliver Gosling (Research Physician,
RD&E) to help perform comparison of radiation doses
from CTCA with conventional cardiac angiographic
techniques within cardiac catheterisation labs. Work
was strongly supported by Dr Carl Roobottom
(Consultant Radiologist) and Dr Gareth Morgan Hughes
(Consultant Cardiologist).

e Aim was to calculate system & technique specific dose
conversion factors to apply to a larger patient
population to enable an effective dose to be estimated
to compare the two complex imaging modalities.




Its all be done before.... ?7

e Conversion factors do exist from previous
studies but rely on dated, non specific
techniques and limited conversion factors
range by ~100%

e Introduction of prospective gating in CTCA
was thought to have significantly reduced
radiation doses in CT compared to catheter
based angiography.
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Calculation of radiation dose for
Conventional Cardiac angiography

e Use of computer based Monte Carlo simulator
(PCXMC), integration of many projections for
high dose runs.

e Input values specific to Derrifords’ imaging
systems (matched for filtration etc)

* Involved audit, key dose parameters and
patient BMI recorded by cath lab staff.
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CTCA (64 slice gated computed
tomography)
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GE VCT Partial rotation scanning

e Cardiac modes, X-rays on for 180°
e T=0.35s (cardiac modes)

* Dicom image header states exposure time of
227ms

e Originally thought this did not make sense, as
227ms/350ms = 0.65 ~234 ° (not 180°)

e Jacky Bye (GE) kindly reminded me that CT
uses a fan beam!
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Radiation exposure during CTCA rotation (227ms
exposure)... A dosimetry Headache!
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cross typical scan length for CT cardiac angiogram using GE VCT

pulse prospective gating. Graph shows clear overlapping slices. Sca

pulse 30-65bpm, 120KV, 550mA small cardiac filter.

. Distance along z axis (mm)
Step-and-shoot data acquisition and reconstruction for cardiac x-ray
computed tomography

Jiang Hsieh,? John Londt, Melissa Vass, Jay Li, Xiangyang Tang, and Darin Okerlund

GE in 53188 Jth Hospitals NHS




A different approach to CTDIw

Cardiac Medium 550mA, 227ms, 64°0.625mm

e Arbitrary start
C N S E w location of X-ray
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2 466 8.236 6.067 2 606 2 904 think the
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0.086 3.483 2 505 2 762 2 886 s.d
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IA Vs CTCA

* Invasive angiography ¥ CTCA
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pgpulation

CTCA (PROS G)

IA (Catheter Lak
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eliminary resu

Cardiac cath lab

angiography CTCA mean

conversion factor CTCA Effective

(DAP to Effective Cardiac cath lab N (cath lab technique CTCA conversion factor Tissue weighting dose dose
Study dose) mean dose (mGy} patients) {R/P) {DLP to Effective dose) factors {mGy)

0.03 but we calculated all
"Derrifard" 0.24 (Derriford) B.5 105 F patients ICRF 60 +ICRPF 103
"Bristol" &, a6 91 R IMPACT/NREPE ICRP &0

0.017 {European
"Head to head" (.22 (NRFE)} 0.5 42 P commission) ICRP 60

0.017 (European
"Jama" MA R+F commission) ICRP 60

"Comparison of radiation doses from multislice computed tomography coronary angiography and conventional diagnostic angiography”
J.oAm. Coll. Cardiol. 2006;47;1840-1845, Duncan R Coles, Mary A Smail, lan 5 Megus, Peter Wilde. ..

Head to Head  "First head to head comparison of effective radiation dose fram low dose CT with prospective ECG-triggered wersus invasive coronary angiography”
Heart 05072009,  Bernhard A Herzog et al

"Estimated radiation dose associated with cardiac CT angiography
JAhdA 2009301 157:500-507 . Jorg Hausleiter et al




Organ (Breast) dose

with PG CTCA

e The X-ray tube in conventional (catheter)
angiography is positioned under the examination
table to reduce the absorbed dose to the breast
and to limit the scattered radiation dose to staff.

* |[n PG CTCA we have shown't

Ne X-ray exposure

time is a fraction of the rotation time and

triggered by ECG (essentially

random). This

means that the total absorbed dose to the

breasts will vary significantly




shows the random distribution of dose to the surface
CTDIw Perspex phantom. Centre and North chamber pos
shown. {40mm axial Slice)
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Breast dose

e Doses shown are for a medium size (70Kg) pauent
(cardiac medium filter, 120KV, 550mA) using a 32cm
CTDIw phantom to represent the patient. Doses are for
a single axial rotation. For the average size heart, 4
axial rotations are required to cover the heart
(~140mm)

e Larger patients will require higher KV, mA
combinations and larger patients/ breasts will be
positioned closer to the X-ray tube.

e For large female patients, requiring higher tube current
it is estimated that the absorbed dose to the breast
could exceed 100mGy/scan under certain conditions.




Conclusions & Further work

e Radiation doses for prospectively gated CTCA have
dropped significantly and dose audit from this study
places effective doses from CTCA similar (if not lower)
to that from those performed within the catheter labs.

 For the average size patient, Effective dose can no
longer be a reason to perform coronary angiography
over CTCA (prospective gated).

e More work is needed in order to ensure breast dose in
CTCA is as low as possible and this may require the
introduction of Bismuth breast shielding.




Limitations

Effective dose contribution to CTCA from
scout view and unenhanced scan not
accounted for

Patient populations not identical

Different anthropomorphic phantoms (PCMXC
vs ImMPACT dosimetry calculator)

Patient size not accounted for in ImMPACT
calculator.

ImMPACT calculator assumes uniform dose
distribution in body.







