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Angiographic procedures which include extensive fluoroscopy are 
among those which can produce the highest radiation exposure of hospital 
workers. The introduction of hemiaxial projections, and vascular fluoro-
scopic boost imaging methods has increased diagnostic accuracy, but it has 
also increased the physician's exposure to scattered radiation. Medical 
facilities in angiography and catheterization vary in regards to type of 
equipment and training of personnel. The health physicist for a facility is 
compelled to initiate a program to measure the potential exposure from a 
facility as well as assist in the training of personnel to minimize the exposure. 
Training of the medical personnel also includes techniques of exposure 
monitoring which for some individuals is more practically attained by 
utilization of a double badge program. This is especially important in the 
University setting where new residents and fellows are being introduced to 
the facility. 

MEASURING STAFF EXPOSURE IN ANGIOGRAPHY LABS 

Modern angiography equipment must be capable of performing 
peripheral, visceral, and interventional procedures. Biplane, magnification, 
multiangulation, and spot filming capabilities are also desirable. Fortunately 
power requirements have decreased in recent years as a result of the 
introduction of rare earth screen-film systems and the incorporation of 
carbon fibers into tabletops and film changer faceplates. As a result, 
generators with relatively lower power outputs, and x-ray tubes with smaller 
focal spots are used. Multiangulation rotational mounting units, some of 
which contain "fluoro boost" potential, have been developed in recent years 
by the equipment manufacturers. These units have major advantages for 
clinical diagnosis, but their designs have major drawbacks in regards to 
personnel exposure (Levin, 1982). 

X-ray tube and generator technology power requirements for serial film 
angiographic procedures have diminished considerably during the past 
decade. In the early 1970s, it was believed that 150-200 kW generators were 
required for serial film angiography. However, high-powered generators 
coupled with large focal spot x-ray tubes are no longer necessary or desirable 
for visceral or peripheral angiography. This results from advances in rare 



earth screen-film systems and the incorporation of carbon fiber into 
angiographic tabletops and the faceplates of serial film changers. Equipment 
that incorporates these developments may utilize power outputs of 40-60 kW 
for most angiographic procedures, even in large patients. Unfortunately, to 
outfit a facility with all of the latest developments is very costly, and many 
angiographic-catheterization facilitites undergo partial renovation to include 
replacement of selected components which may decrease or increase the 
subsequent exposure to the operators. Moreover, manufacturers use unique 
configurations for mounting and shielding x-ray tubes, as well as varying 
efficienies for image intensifies, tube outputs, etc. These factors lead to sig-
nificant variations in radiation protection against leakage and scattered 
radiation. Since radiation exposure to the operator is not usually provided in 
the specifications of equipment, it should be measured upon completion of 
the renovation. 

Using a RANDO phantom, a technique has been developed to compare 
radiation scatter to personnel from various units. In particular, this paper 
will focus on the comparison of a new facilitiy (with a high efficiency proto-
type image intensifier) and a considerably older facility. The method utilizes 
an MDH survey meter to generate a series of exposure grids at designated 
distances from the source of scatter (ie. the RANDO phantom). 

A common set-up in both facilities, anterior-posterior technique, onto 
the chest of the phantom was utilized to compare the scatter and leakage 
radiation to the operator. The new facility was a 2 million dollar system 
specifically manufactured for the UCLA Medical Center by Phillips Medical 
System, Inc. The older facility used in the comparison was 16 years old and 
contained a variety of new and old components. The phantom was placed in 
standard orientation on the tables in both rooms with the image intensifier 
located roughly 2-inches anterior to the phantom. The x-ray beam was 
incident on the phantom from beneath the table at a fixed distance. In both 
cases the 9-inch image intensifier was utilized. 

A cardiologist, (either resident or attending) normally stands adjacent 
to the couch and roughly 1 to 2 feet from the edge of the image intensifier. 
This is the position of minimum distance to the patient/scatterer and hence 
the highest exposure to personnel. A matrix at one foot intervals and 
various feet above the floor was set-up to determine the estimation of 
exposure to personnel at the position of the cardiologist. This scatter-
exposure grid was utilized for comparison of the two facilities. Floor tiles of 
1-foot square were used to measure exposure from 1 to 4 feet from the edge of 
the image intensifier. A mobile intravenous holder was taped in intervals of 
1 to 6 feet and was utilized to measure distances above the floor. The series of 
6x6 foot grids formed adjacent to the phantom/image intensifier totalled to 4 
matrices with the first set at 1-foot and the last set at 5-feet from the phantom. 



The fluro unit was utilized for the comparisons since this has been 
determined to be the greatest exposure to the personnel (Kosnik, 1986; Baiter, 
1978; Gertz, 1982). The fluoro unit in the new facility was automatically set at 
67 kVp and 1.5 mA. The fluoro technique for the older unit was manually set 
upon acquisition of an appropriate image from the overhead monitor and 
was 75 kVp and 1.6 mA. 

The survey data is presented in figures 1 and 2. The data for the two 
facilities have been input into a spread-sheet program which enables 
equivalent distances and exposure rates for the two facilities to be compared 
and analyzed. In an effort to minimize the possible comparisons a represen-
tative height of 3-feet above the floor was chosen to present the variations in 
exposure rate from the two facilities. One can see that the exposure rate from 
the older unit is much greater than the new one. In fact, at distances of 1 foot 
from the image intensifier the exposures between the two facilities vary by a 
factor of 3 to 5. The relative ratios of exposures decrease rapidly to roughly a 
factor of 2 as the distance increases to 5-feet from the phantom. These 
exposure curves serve not only to compare the quantity of leakage and scatter 
from a given facility, but also aid in subsequent radiation safety instruction 
and education of operators. 

A final remark on the exposure comparisons to personnel in 
angiographic facilities regards the facility and not just the characteristics of a 
given x-ray tube assembly alone as a contributor to increased exposure. An 
older facility may have reliability probelms which can not only be an 
annoyance, but serve to increase staff radiation exposure. Such reliability 
problems would include: cassettes jamming in the bucky, shutter and iris 
problems affecting beam field size, table mobility problems, size of the room, 
and film processor problems. These variables which are difficult to quantify 
in terms of increased exposure to personnel (especially in terms of retakes 
required), should most definitely be considered when justifying renovation 
or replacement of a facility. 

STAFF EXPOSURE MONITORING (DUAL BADGE PROGRAM) 

Personnel involved in medical angiography often exceed the 
established quarterly conservative limits for radiation exposure set at 1250 
mrem. The radiologists work in high radiation fields and use protective 
apparel that include lead aprons, eye protection and thyroid bibs. 
Interpretations of applicable state regulations (California Administrative 
Code, Title 17, Radiation Regulation Controls) and NCRP guidelines 
concerning proper wearing of personnel monitoring devices for radiologists 
disagree (NCRP 57; Wiatrowski, 1980). A program of dual badge monitoring 
has been developed to distinguish exposure from effective whole body dose. 
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Figs. 1A and IB: Radiation iso-exposure curves at varying distances 
from the image intensifier measured with an MDH survey meter at 
3-feet above the floor. Fig. 1A (left) is the exposure from a new fluoro-
scopic facility and Fig. IB (right) is the exposure from an old facility. 

Figs. 2A and 26: Radiation exposure at varying distances from the 
image intensifier measured with an MDH survey meter at 3-feet 
above the floor. Fig. 2A (left) is the exposure from a new fluoro-
scopic facility and Fig. 2B (right) is the exposure from an old facility. 
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All personnel involved in angiographic procedures wear a protective 
apron while in the facility. Section 30307 (17 CAC) states that protective 
aprons of at least 0.25 mm lead equivalent shall be worn in fluorographic 
installations. However, section 30309 also requires gonadal shielding of not 
less than 0.5 mm lead equivalent shall be used for patients who have not 
passed the reproductive age. In an effort to minimize the probability of 
providing the patient with "inadequate" gonadal protection during a given 
procedure all lead aprons at the UCLA Medical Center are 0.5 mm lead 
equivalent. Hence the personnel are provided with lead shielding of twice 
the lead equivalent required. 

In addition to the 0.5 mm lead equivalent aprons the radiologists are 
supplied with thyroid bibs (0.5 mm lead equivalent) and lead glasses (0.75 mm 
lead equivalent). With this additional protective attire, the commonly 
accepted critical organs outside of a lead apron (lens of the eye and thyroid) 
are shielded. 

NCRP Report No. 57 entitled, "Instrumentation and Monitoring 
Methods for Radiation Protection" states that "When the trunk of the body is 
largely shielded by protective clothing it would be improper to wear a single 
dosimeter on the outside of such clothing since doses to the wholebody, the 
gonads, and most of the red bone marrow would then be greatly 
overestimated. Measurements have shown that, when a lead-rubber apron is 
worn by radiological personnel conducting fluoroscopic procedures, the 
exposure of the face and neck will exceed the exposure recorded under the 
apron by factors between 6 and 25. Under these circumstances the thyroid 
gland and the lens of the eye will become the critical organs, and their 
exposure should be monitored . . . If only one dosimeter is worn and one of 
its purposes is the estimation of "wholebody" dose, it is recommended that it 
be worn on the trunk under the apron." 

Obviously, the determination of actual effective dose is complicated if 
one is to consider weighting factors of the red bone marrow to the exposed 
areas of the body (ie. head and arms). However, for general practical reasons 
the effective whole body dose is most closely aligned to thew under the apron 
dosiemter reading. Considering the protective apparrel worn by radiologist 
includes glasses and bibs which protect the critical organ outside of the apron, 
it is only very recently that the California Department of Health Services has 
concurred with the notion of badge placement and interpretation of effective 
whole body dose previously outlined. In general, this has meant that when a 
radiologist exceeded the quarterly limits on his outside badge (usually a 
resident or fellow) a formal report of presumptive overexposure had to be 
filed with the state. This is a time consuming and inefficient use of the 
health physicst's time, especially at a large and busy University facility where 
such reports might have to be filed every quarter! 
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Figure 3 presents typical monthly exposures for a cardiology fellow and 
an attending staff cardiologist. It is evident from the figure that the fellow is 
exposed to more radiation during his/her first years than the attending staff 
cardiologist. This is attributable to the fact that the fellow is slower for a given 
procedure (learning curve) and that frequently the staff oversees many of the 
procedures and as such is able to step back and minimize his/her exposure. 
Finally, it is important (and not surprising) to note from the figures that the 
under the apron badges frequently only receive between 2 and 8% of the 
exposure of the outside badge. 

Recent amendments (August 15, 1988) from the State of California, 
Supervising Health Physicst, Machine Radiation Control Section regarding 
personnel monitoring for radiologists have incorporated the intent of the 
dual badge program. The policy now states that: 

1. When a single monitoring device is used by a radiation worker, it 
must be worn where it will monitor the most exposed organ of the body. 
Thus, placement of the device on the chest, finger or at the waist should be 
adequate to detect exposure to the whole body, extremities or gonads, 
respectively. 

2. If a leaded protective apron is worn, it greatly reduces exposure to the 
body and to the film badge of workers in diagnostic radiology. Under this 
condition the head will generally become the most exposed organ, and the 
monitoring device shall be worn at the top or collar and outside the apron. 
For practical consideration we (the California State Dept. of Health Services) 
may assume that this location will receive about the same exposure as the 
head. 

3. Should another dosimeter be worn under the apron, and if the worker 
affirms that adequate eye and throid protection is always worn when 
radiation is being used, we (the California State Dept. of Health Services) shall 
accept the reading of the under-apron dosimeter as the whole body exposure. 

With this third and final condition for badge monitoring laid out by 
the California State Dept. of Health Services, the University shall now be able 
to monitor exposure of a given individual by means of the outside badge, but 
not be required to complete a presumptive overexposure report unless the 
inside badge exceeds the state limits (ie. 1250 mrem per calendar quarter). 

The implications for this program are two-fold. In order for the 
progri^n to be effective the health physicist must be assured that the second 
dosintetir is used and that all of the protective apparrel is worn by the 
r i m t e a k t in the program. Finally, in reporting exposures to other 
iljff tUrahs (out of state and otherwise) the outside badge should be 

as an exposure, and the inside badge the effective whole body dose. 
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Figs. 3A and 3B: Typical monthly exposures for cardiologists wearing 
dual dosimeters (inside and outside lead apron). Fig. 3A (top) is for a 
second year resident cardiologist and Fig. 3B (bottom) is for a staff-
attending cardiologist. 

154 



C O N C L U S I O NS 

Equipment in angiographic/catheterization facilities vary in their 
exposure potential to medical personnel. Due to the exceptional cost of the 
equipment refurbishing a facility may be performed on a piece by piece basis 
whereby the subsequent exposure to personnel is difficult to discern. A 
considerable change may occur in a given facility with the installation of new 
equipment, more than likely the exposure to personnel from new equipment 
should be decreased, but some devices (ie. "fluoro boost"units) may greatly 
exceed previous exposures. It is recommended that when a facility has been 
altered or replaced that a scatter survey be performed. A method has been 
described to measure the scatter from various angiographic facilities utilizing 
a RANDO phantom and an MDH survey meter. The method is simple to 
perform and is a good indicator of personnel exposure comparison of one 
facility to another. This exposure data, in addition to the clinical capabilities 
of a system can also be utilized to justify replacement or renovation of a 
facility. 

Radiolgists serving a fellowship in angiographic facilities commonly 
exceed the limits for radiation exposure when the reading for a dosimeter 
worn on the outside of a lead apron is considered. If the radiologist wears 
protective apparel which shields the commonly considered critical organs 
outside of the lead apron then the exposure outside of the protective clothing 
greatly overestimates the effective whole body dose. A program has been 
installed which utilizes dual badges for the radiologists. In this manner the 
health physicist can determine the radiation to which an individual has been 
exposed as well as the effective whole body dose. This dual badge program 
has recently been accepted by the California Department of Health Services 
and as such minimizes unnecessary reporting of presumptive overexposure 
of radiologists. 
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