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Top Ten Tips for Radiation Safety j. Fritz Angle, MD



University of Virginia Health System Charlottesville, Virginia Although occupational radiation exposure in the medical field is low compared with natural exposure rates or other occupational exposure rates, the exposure for people in interventional radiology is high: "Fluoroscopic procedures, including those of a special nature, constitute less than 10% of all examinations in the United States, but are by far the largest source of occupational exposure in medicine." 0) Physician exposure can be 2 mGy/h (0.2 rad/h) or more. The highest rates are seen with extensive use of DSA or cineradiography (1). For these reasons, interventionaI radiologists must pay close attention to reducing their occupational exposure.



Units of Measure Unfortunately, a discussion about occupational exposure cannot be done without talking about units of radiation, dose, and effect. There are three key concepts that need to be discussed to clarify the units used in this



discussion: dose, dose equivalent, and effective dose equivalent. First, tissues absorb ionizing radiation, and this process is commonly referred to as dose. The unit of absorbed energy is the Gray (Gy) in the system international (SI). You may remember the unit called the radiation-absorbed dose (rad), which is the older unit of dose that the Gray is supposed to replace. One Gy equals 100 rad, and 1 rad equals 10 mGy. For those of you who think in terms of rads, one centigray (cGy) equals one rad. The second concept is that absorbed radiation has different biologic effects depending on the type of radiation. The unit used for assessing the biologic effect of radiation on tissue is the Sievert. This concept is called the eqUivalent dose. This unit replaces the older roentgen eqUivalent man (rem) unit. For the x-rays used in diagnostic and interventional radiology, the quality factor is one, so the Sievert is the same as the Gray (2). The equivalent dose is the absorbed dose. Lastly, to assess the risk of cancer, or other detrimental effects, a weighting scale has been devised to give relative biologic effects for different organs. The overall cancer risk is the sum of the dose to aU the various organs. The weighting scale also takes into account partial doses from exposures that are not uniform. This concept is called the effective dose equivalent. This concept is particularly important because the effective dose eqUivalent that medical personnel receive is based on badge readings at one location (usually the collar), and several assumptions about the shielding effect of a lead apron and other factors.



Sources of Operator Exposure Sources of operator exposure for interventional radiologists include: leakage and scatter from the tube and collimator, and scatter from the procedure table, patient, or image intensifier. The majority of operator exposure in an intelventional suite comes from scatter off the table



or the patient. This concept is important because the incident x-ray beam creates the most scatter when it reaches the patient, so most of the scatter occurs at or below the level of the patient.



Exposure Levels Interventional radiologists vary dramatically in their level of exposure. Certainly, the most important factor is the number and compleXity of cases. This is often determined by the nature of an interventional radiologist's practice. Early estimates of interventional radiologists' absorbed dose were 7.5 mrad (approximately 75 uGy) outside the lead on the collar for a single visceral angiogram (3). More recent studies suggest this dose can range from nearly zero to 325 uSv per procedure (4). Compared with other radiologists, interventional radiologists have high exposure rates. It is not uncommon for interventional radiologists to approach or even exceed the annual exposure limits set by the Nuclear Reg-
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ulatory Commission (NRC). The NRC exposure limits are: 1, An annual limit, which is the more limiting of;



a. The total effective dose equivalent being equal to 5 rems (0.05 Sv); or b. The sum of the deep-dose equivalent and the committed dose equivalent to any individual organ or tissue other than the lens of the eye being equal to 50 rerns (0.50 Sv). 2. The annual limits to the lens or the eye, to the skin, and to the extremities which are: a. A lens dose equivalent of 15 rems (0.15 Sv), and b. A shallow-dose equivalent of 50 rems (0.50 Sv) to the skin or to any extremity. (From the 56 Federal Regulations 23396, May 21, 1991, as amended at 60 Federal Regulations 20185, Aprii 25, 1995.) The annual total effective dose equivalent is limited to 0.05 Sv (5 rem) per year, the lens of the eye is limited to 0.15 SV 05 rem), and the skin is limited to 0.50 SV (50 rem) (5). Effects of Radiation Exposure The relationship between racliation exposure and health risks has been studied extensively. The effects of radiation are broadly divided into stochastic and non-stochas~:~1~~Pt'l:c~£1\..J~·St
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and that the goal of minimizing medical personnel dose requires constant diligence. Only the physician operator can take full responsibility for protecting the patient, his assistant';, and himself. What follows are 10 important steps inteiVemional radiologists can take to reduce operator exposure. Minimize Patient Exposure The most important way to reduce operator exposure is to first protect the patient. Measures taken to reduce patient exposure almost always secondarily reduce operator exposure as well. There are many variables during the performance of an inteiVentional procedure that can have a dramatic effect on total patient exposure. {t is the physician operator's responsibility to minimize patienl exposure to the lowest possible level. To do this effectively, he or she must be aware of the equipment settings and operator decisions that affect the exposure rate. {n addition, the physician depends on the expertise of his or her technologists and physicisrs to ensure appropriate steps are laken to allow the equipment to produce good image quality with a minimum exposure rate. There are many facels to minimiZing patient exposure, irnportanl considerations include evelything from annual equipment checks by your radiation physicists to daily decisions such as choosing the DSA filming rate. Dr. Louis Wagner discusses patient exposure in his presentation. The follOWing are several important steps we follow evelyday at our institution to reduce patient exposure: 1. Minimize DSA



a. Reduce filming rate and use a variable (decreasing) filming rate b. Keep DSA acquisitions short 2. Don't be a lead foot a. Use last image hold b. Monitor appropriately positioned to ease Viewing c. Room background lights set low enough to see the monitor 3. Cone and use low magnification 4. Pulse fluoroscopy (when possible) 5. Geometry appropriate-patient close to image intensifer and tube to image intensifier distance set appropriately 6. Minimize image intensifier inpul dose 7. Be familiar with contrast modes and other eqUipment settings that affect the image quality and dose rate 8. Use added copper filtration Maximize Personal Protection There has been little improvement in the quality of personal protection to reduce operator exposure in the last 20 years. The mainstay is to wear O.3-0.5-mm lead (Pb) or eqUivalent. One-half mm Pb protection srops over 900!o of the incident beam. Manufacturers of lead aprons now provide alternative materials that meet this



standard using lighter metals but not with necessarily better protection. The thyroid does not have one of the highest weighting factors in effective dose calculations. Yet, it is a relatively radiation sensitive organ, and it is also in a superficial location. In addition, the dose to the esophagus and other neck structures is a concern. Therefore, routine use of a thyroid shield is highly recommended (7).



Cataracts are a deterministic effect of radiation exposure. In fractionated doses, more than 2 Gy (200 R) and less than 10 Gy (1000 rads) are needed to induce cataracts. Lead glasses, or even eyeglasses with photogray lens (made of glass), provide moderate shielding for the eyes (8). Unfortunately, scatter prevents leaded glasses from removing all the exposure to the lens of the eye. Although leaded glasses may remove approximately 90% of the incident exposure, scatter within the surrounding tissues raises the dose (8). Interventional radiologists can easily approach the annual eye limit if they do not wear eye protection. In the study by Vano et ai, the average eye dose was 294 uSv per case (4). Using this number, the annual 0.15 Sv limit to the lens could be exceeded by performing 510 procedures in 1 year. Dose to the hands is another important consideration for interventional radiologists. Although the limit set by the .NRC may seem high (0.5 Sv or 50 rem), the dose accumulations many interventional radiologists experience are even higher. A typical interventional procedure gives the hypothenar region of the left hand 1.21 mGy (9). Lead, or other metal, can be put into procedure gloves. Tests have shown these gloves reduce hand exposure by up 76% at 60 kV (10). The x-ray beam has usually passed through the patient before it reaches the operator's hands. This causes what is called beam hardening, which means that only the higher energy photons pass through the patient. The gloves provide much less protection at high kV, at most 5()O!6 at 100 kV. In addition, gloves with shielding pose a tradeoff of tactile sensation and agility for the benefit of slightly reduced hand exposure. It is a requirement of the Nuclear Regulatory Commission that lead aprons be inspected under a fluoroscope every year. Cracks, separated stitches and other fenestrations can greatly reduce the effectiveness of a lead apron. On average, lead aprons last 5-10 years (11).



Shielding Interventional suites are only rarely equipped with operator shielding. The most common shielding is a hanging leaded glass shield. It is positioned, usually under a sterile cover, near the image intensifier. Unfortunately, as discussed above, most of the significant scatter to the operator comes from the tube, the table, and the patient. A hanging lead shield does little for these sources of operator exposure. More protective are lead drapes hanging from the procedure table or held up in a f100rstand positioned



between the operator and the x-ray tube. These types of shields are not popular because they interfere with angulation of the C-arm.



Equipment Calibration Appropriately adjusted fluoroscopic equipment is often taken for granted because of the increasingly standardized, "turn-key" equipment prOVided by manufacturers. Even the most modern equipment can suffer perturbations that can lead to nearly catastrophic radiation leaks. Annual equipment checks are, of course, required by law. One of the most important inspections ensures that the radiation beam is appropriately coned to the image intensifier. Annually, each fluoroscopic unit dose rate is tested. There are many things that ha ppen between the production of an x-ray beam and the visualization of an image on a fluoroscopy monitor. This complex circuitry is called the imaging chain, and any link in the chain can degrade image quality. Reduced image quality may lead to prolonged procedures, or even worse, a compensatory increase in dose rate. Avoid procedure rooms with an overhead tube. Operator exposure at the neck is four times greater during fluoroscopy with an over-the-table tube because of the great scatter off the patient. Unfortunately, this arrangement remains popular in genitourinary operating rooms, but prolonged interventions should be moved to a more conventional interventional suite (12). Portable equipment is often not set up at the time of a procedure to minimize patient and operator dose. This can occur because of the nature of the operation, operator inexperience, or because of limitations set by the room or bed. If prolonged procedures are performed with the x-ray tube too close to the patient and the image intensifier too far from the patient, the dose to the patient and the operator are markedly increased. In general, equipment should be optimized for performing interventional procedures if a large number of cases are going to be performed (13). Most modern interventional suite fluoroscopic equipment contains a dose meter that continuously displays a dose area product or even calculates an estimate of dose rate. This continuous feedback is a valuable addition that should not be ignored by interventionaJ radiologists. Noticing a high dose rate may remind the operator to switch to pulse mode, or to raise the procedure table or make other adjustments that can dramatically reduce the cumulative dose incurred during tile course of a procedure.



Distance Radiation emanating from the procedure table dissipates proportional to the inverse of the distance squared. This relation can be expressed as:



From this simple equation arises the practical suggestion
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that taking even one step away from the patient during a hand-injected digital acquisition will greauy reduce the operator dose.



ment functions properly and that protective equipment is in place. This same team must work together to identify potential problems on a case-by-case basis.



Use of a Power Injector Use the power injector whenever possible. By some estimates, operator exposure during hand injections can account for up to 92% of operator exposure (14).



Anticipate Future Issues The last recommendation is to be aware of new technol· ogies that will potentially raise occupational exposures. New radiation protection issues in interventional radiology include the use ofbrachytherapy, 1131 hepatiC artery therapy, computed tomography fluoroscopy, and magnetic resonance image-guided procedures. The use of brachytherapy requires the operator to be familiar with radiation decay, the concepts of alpha- and beta-emitting radionuclides, and radiation shielding. 1131 and oUler radionuc1ides are being considered for use in the intraarterial embolization of hepatic tumors and other malignancies. Interventional radiologists using these agents must work closely with the nuclear medicine department to understand the unique properties of 1131 and other isotopes. Computed tomography fluoroscopy is growing rapidly, but operator doses can be high. Initial studies suggest that operator exposures can be similar to those obtained in a conventional angiography suite 05). Lastly, magnetiC resonance imaging is widely presumed to be safe to the patient and technologists. Further study is needed into the effects of prolonged exposure of interventional radiologists to static and varying magnetic



Avoid Direct Exposure A mOre fundamental concept is the importance of keep~ ing your hands and arms out of the primary beam. Even keeping the hands out of the primary beam, the hand dose is much greater than at the shoulder or neck (9), The hand dose is very high when it is in the primary beam as compared with even a short distance from it. At our institution, direct hand exposure seems to OCCur most often during fistulograms, nephrostomies, and leftlobe percutaneous cholangiograms. Careful planning of the puncrure site makes it easier to keep hands out of the primary beam during fistu]ography. Angling the gantry



to make the x-ray beam perpendicular to the needle or tube tract during urinary or biliary procedures will reduce hand exposure. Monitor Dose Rates Other radiologists often ask me, "Why wear a filmbadge?" Ihey argue that whether Lheir cumulative dose is low or high, they will continue to practice and that knowing the readings provides nothing but anxiety. To this argument I would counter that (0 sometimes the first sign of equipment malfunction is a jump in badge readings, and that (ij) the film-badge readings are the only record of a very real occupational hazard. Failing to trace badge readings suggests ro everyone that interventional radiologists are not concerned with the 'cumulative exposure they are receiving. There continues to be great debate about how many badges to wear and where (Q place them. The most aggressive arrangement includes CD under the lead badge at the waist, (ii) an over-the-Iead badge on the neck, and (iii) a ring badge. The most common arrangement is simply to wear the over-the-Iead badge on the neck. From this one badge a total effective dose equivalent can be calculated, but several assumptions about the incident beam and lead apron need to be made for this calculation. Ring badges potentially provide feedback about a serious site of operator dose. Unfortunately, this badge tends to be worn inconsistently and often gets lost.



Team Building FollOWing all the suggestions above requires the input of technologists, physicians in training, staff radiolo~ gists, physicists, and colleagues in other subspecialties who use fluoroscopy. Interventional radiologist,> must be proactive in making sure that all do their part to minimjze everyone's exposure. Quality assurance regulations force that a team be assembled to make sure that equip-
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fields.



Summary The 10 most important steps to reducing interventional radiology exposure are as follows: 1. Minimize patient exposure 2. Maximize personal protection (Leaded glasses, thyroid shield, 0.5 mm equivalent lead apron, and lead protection for the lower legs.) 3. Add shielding over and under the procedure table as well as on the patient 4. Maintain equipment and use modern equipment with dose-reducing features 5. Maximize distance from radiation source 6. Use a power injeclOr whenever possible 7. Avoid direct exposure of hands 8. Monitor dose rates 9. Promote a team approach to radiation protection 10. Anticipate future radiation protection issues



The operator dose for an interventional radiologists can never be zero or even approach the low levels accumulated by most radiologists, but the precautions listed here can markedly reduce the rate of exposure. Through familiarity with the risks of interventional procedures and the steps to reduce occupational doses, interventiona I procedures can be made safer for patients and interventional radiologists. The risks of radiation are largely accumulative; once exposed, the effect cannot be undone. Daily diligence is needed to slow the rate of radiation dosage accumula-



tion. Like a mortgage, a few percentage points difference in the annual rate makes an enormous difference in the total lifetime cost.
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7:30 a.m. Visceral Aneurysms and Pseudoaneurysms: When and How to Treat Jeet Sandhu, MD University ofNorth Carolina Chapel Hill, North Carolina Visceral artery aneurysms are an uncommon entity but have significant clinical ramifications. The incidence is sparse, the location is variable, and etiologies are diverse. Their importance is manifested by the fact that over 50% of them present acutely with rupture with a commensurate 10O/()-25% mortality rate (1). The rarity of this entity is illustrated by the paucity of large series. The ones that are reported, which also are the most comprehensive, stiJl only consist of 20-40 patients encountered over the course of 10-15 years (3-6). AJthough many aneurysms do present with rupture, approximately 50% of visceral aneUlysms encountered during clinical practice will be identified either incidentally or before rupture. Given the aging of the population and the increased use of non-invasive diagnostic examinations, the incidence of asymptomatic aneurysms or those discovered before rupture will only increase. As a result of the potential increasing numbers in conjunction with greater use and efficacy of endovascular techniques, it is incumbent on interventional radiologists to be expert in the evaluation and treatment of this rare but potentially lethal entity. The benefits of endovascular techniques in the management of this condition and procedural aspects are well documented (6-8). Given the multitude of locations and differing etiologies in combination with varying morphologic patterns, no one treatment will
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