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Abstract
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The number of radiology and cardiology interventional procedures has significantly increased in recent years due
to better diagnostic equipment resulting in an increase in radiation dose to the staff and patients. The assessment
of staff doses was performed for cardiac catheterization and for three other non-cardiac procedures. The scattered
radiation distribution resulting from the cardiac catheterization procedure was measured prior to the staff dose
measurements. Staff dose measurements included those of the left shoulder, eye, thyroid and hand doses of the
cardiologist. In non-cardiac procedures doses to the hands of the radiologist were measured for nephrostomy,
fistulogram and percutaneous transluminal angioplasty procedures. Doses to the radiologist or cardiologist were
found to be relatively high if correct protection was not observed.

1. Introduction

Providing proper radiation protection to the staff in interventional radiological procedures can
pose a real problem. The radiologist and other staff members are usually working close to the
area under examination and receive the dose primarily from scattered radiation from the
patient. The use of ceiling mounted protection screens is often limited because of their
inconvenience. Due to the different nature and complexity of interventional procedures, they
were divided between cardiac and non-cardiac groups and were treated separately in this
study. The recommendations of Goldstone following the review of occupational exposures in
interventional radiology [1] have been taken into account in this study.

2. Cardiac procedures

The equipment used in Tawam Hospital is a Philips digital BV-5000 bi-plane unit. During
cardiac catheterization procedures both x-ray tubes situated on C-arms work either
simultaneously or separately. The cardiologist is positioned close to both x-ray tubes and the
area under investigation as shown in Figure 1. It is apparent that the left hand side of the
cardiologist performing the procedure is particularly at risk.
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Figure 1. Positions of cardiologist (C), assistant cardiologist (AC) and nurse (TV) during cardiac
catheterization procedure

3. Non-cardiac procedures

All non-cardiac procedures were performed on the Philips BV-5000 unit, using only single
plane. The following typical procedures performed at Tawam Hospital were investigated:
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- Upper extremity - fistulogram
- Renal - nephrostomy
- Lower abdomen - percutaneous transluminal angioplasty (PTA) + stenting

For non-cardiac procedures the limiting factor is the hand dose [1]. Radiologists performing
them were issued finger dosimeters which were than read after a number of procedures.

4. Method

As a part of our quality assurance and radiation protection program, scattered radiation dose
distributions resulting from cardiac catheterization procedures are measured in areas close to
the patient [2]. Prior to the measurement, analysis of 10 cardiac procedures involving patients
of average size (60 - 80 kg) was performed. The mean dose area product (DAP) resulting
from the whole procedure was calculated as 11.8 Gycm2 and used as a reference value in
subsequent measurements. The cardiac procedure was recreated using a Rando Alderson
phantom as a scattering medium. A 3-D structure containing thermoluminescent detectors
(TLD) was positioned close to the phantom where the cardiologist, assistant cardiologist and
the nurse would be positioned during the procedure. The present study focuses on the
radiation doses received by the cardiologist left arm, eye lens, thyroid and hands resulting
from cardiac procedures. TLDs calibrated for skin dose measurements in the diagnostic
energy range were attached to the cardiologist left and right arm, close to the eye lens, on the
skin above the thyroid and on the fingers of both hands. Doses to eye lens and the thyroid
were later calculated. After each procedure DAP values were recorded and TLD readings were
corrected for the average procedure. No lead glass protective screens were used in the
procedures covered by the study. Radiologists performing non-cardiac procedures were issued
finger dosimeters. In these cases TLD readings were also corrected for an average procedure
in each group using calculated mean DAP.

5. Result

Sachets containing TLDs were attached to appropriate locations of the cardiologists
performing the procedure. Each procedure was closely watched by a monitoring team
recording protective measures used and working habits of the staff. In some cases
cardiologists did not use protective glasses or thyroid shields due to personal discomfort. A
printout indicating fluoroscopy time, number of images acquired and DAP values was
obtained at the end of each procedure. The results of the measurements are presented in Table
1 together with explanations.

Table 1. Values of doses per average procedure in cardiac catheterization

TLD location

Left shoulder surface
Thyroid
Eye lens
Right hand
Left hand

Calculated dose (mGy)
Situation 1

0.86
0.054
0.068
0.36
0.19

Situation 2
—

0.62
0.65
—
—

Situation 1 - protective glasses with side shield and thyroid shield worn
Situation 2 - no protective glasses and thyroid shield
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Figure 2. Scattered radiation dose distribution in an area close to the patient

Some cardiologists work closer to the C-arm structure and hence X-ray sources. In those cases
the left arm dose was measured as high as 1.85 mGy.

Non-cardiac procedures Hand dose is a limiting factor for non-cardiac procedures [1] as
thyroid and eye can be adequately shielded. The hand doses have been measured in our
hospital for the most common procedures performed. The radiologists were issued finger
dosimeters consisting of a TLD-100 chip sealed in a plastic foil envelope. These were fixed to
the index fingers of the radiologist before each procedure. The results presented in Table 2
show the average hand dose per procedure.

Table 2. Values of hand doses per average procedure

Procedure

Fistulogram
Nephrostomy
Percutaneous transluminal angioplasty

Personal dose (mGy)
Left hand

0.54
0.65
0.42

Right hand
0.38
0.39
0.22

6. Conclusions

Personal doses measured during our survey generally agree with those reported in the
literature [1, 3]. The staff were infoimed about the results of the survey and the following
recommendations concerning radiologists and cardiologists performing interventional
procedures were issued:

1. Lead aprons used must be at least 0.35 mm Pb equivalent
2. Thyroid shields and protective glasses with side shields must be used.
3. Radiation resistant gloves must be used.
4. Regular radiation protection training to increase awareness of the staff.
5. Regular radiation protection audits to be performed in order to check the

implementation of these recommendations.
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