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Abstract:

Radiation doses were recorded for over 1,000 patients undergoing interventional procedures at a cardiac
catheterisation laboratory at a local teaching hospital. The laboratory was equipped with two Toshiba DRX C-
arms units. The only differing factor between the units was the inclusion of a tantalum rare-earth filter on Unit B.
Each unit was fitted with a DAP meter which readily allowed the collection of dose-area product (DAP) readings
for all patients. Information was collected over a 12-month period and data analysis showed that the median
radiation doses from Unit B was on average 50% lower than those delivered from unit A for the same
radiographic procedure and operator. Further analysis also showed that there was a large variation in dose given
by the operators and as expected for the type of examination performed.

1. Introduction

A decade ago, deterministic effects were seldom, if at all, associated with the current use of x-
rays in diagnostic radiology. This last decade has seen cardiology becoming a highly imaging-
dependent specialty, routinely using the greatest variety of imaging in diagnosis and treatment.
These developments in cardiac imaging have been associated with a growth in treatment
methods, which are moving towards minimally invasive therapy [1]. Most of this change has
occurred with the development of sophisticated equipment for coronary angioplasty and stent
insertion.

So x-rays are now being used not just to diagnose, but to guide in therapeutic procedures. As a
result of these advances, deterministic effects are again becoming associated with diagnostic
radiology procedures. While it is recognised that without this range of procedures the life
expectancy of many patients would be very low, care must also be taken to reduce the
induction of the deterministic effects whilst minimising the occurrence of stochastic effects.

This paper aims to investigate the use of tantalum as an effective filter to reduce radiation
dose given to the patients in a cardiac catheterisation laboratory, while at the same time
recognising the important role of the operator in this regard.

2. Materials

The cardiac catheterisation suite used in this study comprised two rooms, each containing
almost identical Toshiba DRX C-arm units. Each unit was ceiling mounted with a triple mode
image intensifier (RTP 9211J) with field sizes 9/7/4.5 inches. For the majority of clinical
examination studied pulsed fluoroscopy (15p/s) was used and digital image acquisition was
also collected at 15 frames.s"1. The input dose rate to the II for pulsed fluoroscopy and digital
image acquisition were 0.34 uGy.s"1 and 0.114 uGy.f"1 respectively for unit A, 0.28 uGy.s'1

and 0.124 piGy.fl for unit B.
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The significant difference between the units was that unit B had been fitted with an additional
tantalum filter. Tantalum, is a transition metal obtained from Tantalite has an atomic number
of 73 and an atomic mass of 181. Its use as a filter in diagnostic radiology is fairly new, and
with its K-edge of 67.5 keV its has potential benefit as a filter in diagnostic radiology, for
those techniques employing higher energies.

Exposure parameters such as the applied potential (kVp) and tube current are set by automatic
exposure control and can not be chosen manually. Typically the applied potential varied
between 80 and 120 kVp, and was dependant on patient habitus and projection of the X-ray
beam. Both were installed with a DAP meter (Diamentor from PTW, Germany) which were
calibrated according to standard protocol [2].

3. Method

Information was collected on a variety of factors for 1,200 patient over a twelve month period.
Patient data included gender, age, height, weight, type of procedure and consultant name.
Dose related data consisted of total DAP value, total examination time, number of digital
image acquisition, number of frames per run, number of frames per second and projection
angles. Information was not specifically collected on mA and kVp for each projection as its
variability is thought to even out between operators and more importantly the variability in
fluoroscopy time and DAP values is seen to be more important than variations in technical
factors.

Information on the number of digital image acquisitions, number of frames per run, number of
frames per second and the average length of each frame, allowed the total examination time to
be broken down into relative contributions for both digital acquisition (DA) and fluoroscopy
modes. This fraction is important, as the dose rate during a DA is far greater than the dose-rate
during fluoroscopy. This information together with the projection angle allows a profile to be
built of operator technique.

4. Results

The results for some of the most common procedures are summarised in Table I. The median
values range from 15.3 Gy.cm2 for an electro-physical simulation (EPS) to as high as
117 Gy.cm2 for an investigation of the left and right arteries. The median examination times
varied from 5.6 minutes for a left and coronary angiogram up to 25 minutes for an EPS. Thus
an EPS was associated as the lower dose examonation on average but recorded the highest
examination time, this is because the examination is primarily carried out under fluoroscopy
and with a highly collimated beam giving a small radiation area. Therefore the dose given to a
patient is dependent on the complexity and type of procedure and generalities can not be made
simply on overall examination time.

Looking at table I in a little more detail shows that unit B delivers slightly lower DAP values
than unit A for all examinations and nearly 50% in the case of left and coronaries. These
differences are not associated with differences in times between the examinations, as in the
C+G procedures, the median examination time for unit B is nearly double that of unit A, but
the DAP value is lower. Also for L+C, the median examination times are close, but there are
large differences in the median DAP values. The variations observed are related to the
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frequency that the operators use each room. Thus differences in operators may not only be
indicative of differences in the methodologies adopted but in differences in the pathology
severity treated.

In order to better demonstrate the effect of the operator and the additional filtration on the
variation in dose, a little more detailed analysis will be given for the most common procedure:
the left and coronaries, which represented 77% of all examination studied in this study. The
median values for examination times and DAP values for the operators are given in Table II.
There are a number of issues to draw from this table, the first is the variation in DAP readings
in each room. The median value ranges from 45.6 Gy.cm to 74.4 Gy.cm2 representing an
increase of 63% in DAP values. Comparing the examination time for each operator with their
respective DAP values informs us that there is a very small correlation between the two
parameters, r = 0.54, p = 0.46 and r = 0.33, p = 0.77 for units A and B respectively. The
reason for this can in part be explained by the techniques used by the operators, especially in
differences in the proportion of digitally acquired images and fluoroscopy used, figure I. Some
examinations were performed with DA representing as low as 5% of the total examination
time, while others were using as much as 50%. The median use of DA was approximately
20%.
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Figure I: Distribution for Cine use for Left Heart Angiography

However, detailed investigations on the use of DA and fluoroscopy did not fully account for
the differences in DAP readings. The other reason for the low correlation's seems to be in the
differences in radiation field sizes, with some operators collimating down more than others.

The second issue to be seen from Table II is the large differences for the same operator
between the two units. The reduction in median dose per operator varies from 41% to 54%.
The differences in the examination times are much smaller than the changes in DAP, patient
size have been averaged out, and difference in operator have obviously been negated, the
differences in DAP values between the two units can be attributed to the filter in unit B.
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5. Conclusions

While interventional procedures provide significant advantages over alternative therapies in
terms of improved clinical outcomes and reduced overall patient risk, the physicians
performing these procedures should be made aware of the potential for injury caused by long
periods of fluoroscopy occurring with some of these procedures.

Table 1. Summary Values for the most common procedures

Procedure

EPS

Left + Coronaries

Coronaries & Graft

PTCA

Lt & Rt Angio.

Median (StDev) Time
Minutes

Unit A

6.1 (6.1)

9.95 (14.4)

13.5(17.9)

19.1 (8.6)

UnitB

25.2(17.2)

5.5 (4.9)

17.5 (17.8)

17(15.6)

15.9 (4.6)

Median (St.Dev) DAP Values
Gy.cm2

Unit A

67 (30.4)

69.7 (28.5)

82.0 (54)

116.9(30.9)

UnitB

15.3(19)

33.5(18.6)

68.2 (20.6)

81.35(39.2)

113.8(21.5)

Table 2. Summary values for operator and room for left heart and coronaries

Consultant

A

B

C

D

E

F

Summary values per Consultant per room

Median Time (sec)

Room A

420

486

186

300

300

246

Room B

426

405

—

288

228

234

Diff(%)

+ 1.4%

- 16%

-4%

-31%

-5%

DAP (Gy.cm2)

Room A

71.8

68.5

57.1

45.6

74.4

53.5

Room B

42.4

31.5

—

22.8

37.7

30.9

Diff(%)

-41%

- 54%

- 50%

- 49%

42%

The study has shown that some operators were giving nearly twice the DAP values as others
for the same examination type and unit, with this difference being accounted for by
differences in the proportion of fluoroscopy and DA images, and in the extent of collimation
used. Therefore, basic instruction to the operators in terms of the significant differences in
dose-rates between fluoroscopy and DA images and the importance of collimation is needed.

There was also a reduction of approximately 50% between the two units, with this difference
being explained by the tantalum filter in unit B. While image quality has not been assessed,
there have been no reports in difference in quality as a result of the filter. In total the variation
in DAP readings is nearly a factor of 4 between the operator with the lowest dose using unit B
compared to the operator with the highest dose using unit A. Thus there can be a significant
reduction in dose at a very low cost to any department.
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Regular measurements of patient dose is therefore an essential step to optimising exposure. It
makes operators aware of their own performance and allows comparisons with the generally
accepted practice. The easiest way for first line assessment is to use Dose-area product meters,
which provide continuos guide to the performance of both equipment and operator and should
be used as part of quality assurance programme.

However, in the overall framework of assessing the probability of producing a radiation
induced deterministic injury, all staff members in a cardiac facility should be aware of the
approximate levels of radiation dose resulting from the various radiographic projections that
are routinely used. This study has highlighted two cost-effective ways to reduce DAP values,
and the next stage will be to use the data collected on projection angles to investigate the
potential of estimating radiation skin dose for a range of procedures using thermoluminescent
dosimeters, radiographic film and an anthropomorphic phantom.
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