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ABSTRACT

The medical environment presents two uniquely different

situations involving potential radiation exposure to the embryo or

fetus. On the one hand we have the potential for radiation exposure to

the embryo or fetus of the occupationally exposed employee where the

recommendations are well defined. On the other hand we have the

pregnant or potentially pregnant patient requiring diagnostic

radiological examinations or therapeutic procedures where the

recommendations are not as well defined. This paper provides an

overview of both situations, a discussion of potential exposures and a

review of methods for estimating fetal doses when the exposed individual

is the patient.

INTRODUCTION

The risk of radiation induced mental retardation is the primary

consideration in establishing recommendations (ICRP 86) (NCRP 87) for

protection of the embryo/fetus from harmful effects of radiation. This

risk is especially acute during the period 8 to 15 weeks after

fertilization but has not been seen when irradiation occurred prior to 8

weeks or after 25 weeks after fertilization. To protect the fetus

during this vulnerable period the NCRP has refined its earlier

recommendation (NCRP 76) of no more than 5 mSv (0.5 rem) during the

entire gestation period to no more than 0.5 mSv (0.05 rem) in any month

of the gestation period (NCRP 87). The NCRP is quick to point out,

however, that exposures for medical purposes are not to be included in

the limits listed above. In fact, there are no well-defined guidelines

for dealing with fetal exposure from medical procedures (Bushong 1978)

or other sources such as fallout (Dolk, et al. 1989). Although there
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are risk coefficients that will provide the risk of death from childhood

cancer or the risk of mental retardation these are usually of secondary

interest to the referring physician. The referring physician usually is

primarily interested in whether or not he should recommend abortion to

his patient.

MEDICAL OCCUPATIONAL EXPOSURE AND PRENATAL RADIATION

In medicine, the two most frequently exercised options for

dealing with the pregnant radiation worker are:

(a) make no changes in work assignments when a review of

exposure history indicates the employee is unlikely to

exceed 0.5 mSv (0.05 rem) per month over the gestation

period.

(b) remove employee from all work assignments involving a

potential for exposure even when the exposure history

indicates the employee is unlikely to exceed 0.5 mSv

(0.05 rem) per month over the gestation period.

The second option is frequently exercised, for legal and public

relations purposes, even when the potential for exposure is low.

When the first option is exercised, additional steps are usually

taken (Taylor 1985; ICRP 1989) to ensure that the employees' potential

for exposure remains low. These additional steps which are taken with

the employee include:

(a) review of the employees' exposure history.

(b) review of radiation risk to the fetus.

(c) review of practices and procedures that involve potential

for exposure and methods to minimize exposure.

(d) issuance of a second personal monitor to be worn at waist

level (under the lead apron when the employee is an x-ray

technologist).

(e) issuance of a pocket dosimeter where appropriate.

(f) immediate review of personnel monitoring results by the

radiation safety officer as they become available.

The literature (NAS 1980; Hendee and Edwards 1990) indicates
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that medical radiation workers, in general, do not exceed the exposure

levels recommended for the embryo/fetus by NCRP (1987) . NAS (1980)

indicates that the average whole body dose equivalent for medical x-ray

and nuclear medicine personnel is between 3 and 5 mSv y"1 (300-500 mrem

y"1). Hendee and Edwards (1990) indicate that the average annual dose

equivalent for medical workers is approximately 0.7 mSv y"1 (70 mrem

y"1) while 88% receive less than 1 mSv y"1 (100 mrem y"1) . Less than

0.5% receive greater than 20 mSv y"1 (2 rem y"1) and less than 0.05%

exceed the occupational limit of 50 mSv y"1 (5 rem y"1) .

From a fetal dose standpoint, the numbers imply that medical

radiation workers are unlikely to exceed the recommended guidelines.

The actual situation is probably better than that which is implied by

these numbers. Studies that list medical radiation worker exposures do

not appear to take into account the conditions under which the exposures

were recorded. The routine practice in medicine is to wear a leaded

apron whenever there is a potential for exposure during diagnostic x-ray

examinations such as portables, fluoroscopy, cardiac catheterization or

other interventional procedures. It is also routine practice to wear

the personal monitoring device at the collar outside the lead apron

(Bushong 1989; Brateman 1989; McGuire, et al. 1983). Lead aprons

effectively reduce diagnostic x-ray intensities by a factor of at least

20. Therefore, even for the small percentage of medical workers who

receive recorded exposures in excess of the recommendation of the NCRP,

the dose equivalent to the fetus probably would not exceed the

recommendation. Furthermore, the attenuation provided by maternal

tissue overlying the fetus provides additional protection. NCRP (1987)

recognizes this in their recommendation ["When the exposure is

restricted to radiation of low penetrating power, the recommended dose

equivalent limits for the embryo/fetus may be satisfied if the annual

maternal dose equivalent, as measured by external dosimetry, is within

the general occupational dose equivalent limit, if acquired at a fairly

uniform rate"] .

MEDICAL PROCEDURES AND POTENTIAL FOR FETAL EXPOSURE

In the United States there are over 312 million diagnostic and

dental x-ray procedures performed annually (Mettler, et al. 1987).

Mossman (1982) estimated that as many as 33,000 women per year are
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exposed to abdominal x-rays during the early stage of pregnancy. In

virtually every hospital the situation arises where either a woman who

is known to be pregnant or one who is fertile, and pregnancy is not

expected, requires a diagnostic x-ray examination. Probably the most

frequent situation brought to the attention of a physicist is the one in

which the patient presented good evidence that she was not pregnant only

to find that she was, in fact, 4 to 6 weeks pregnant at the time of the

examination. The physicist is then called upon to estimate the fetal

dose and to help the physician decide what recommendation to make to the

patient.

Guidance concerning the recommendation of abortion following

radiation exposure of the fetus is nebulous. An exception is that

provided by the American College of Radiology (ACR 1977) which adopted

the following positions:

1. Interruption of pregnancy is never justified because of the

radiation risk to the embryo/fetus from a diagnostic x-ray

examination. This includes exposures from both abdominal

and peripheral examinations.

2. Abdominal radiological examinations that have been requested

after full consideration of the clinical status of the

patient including the possibility of pregnancy need not be

postponed or selectively scheduled, except in those few

instances where the examination may not be related to the

patient's current illness.

NCRP (1977) points out that it would be difficult to obtain

agreement on a level at which therapeutic abortion should be considered.

This report goes on to imply that abortion should not be considered at

doses less than 5 cGy (5 rad) and probably would not be considered

unless the dose exceeded 15 cGy (15 rad). Bushong (1986) indicates that

abortion would Qfit be considered at doses less than 10 cGy (10 rad)

received during the first trimester or 25 cGy (25 rad) if received later

in pregnancy. Botti et al. (1984) state "only exposure of more than

20 cSv (20,000 rarem) is thought to produce an increase in birth defects.

Russell (1986) indicates that the general agreement within the British

Institute of Radiology is that abortion is not considered at doses less

than 10 cGy (10 rad), but the findings of Otake and Schull (1984) would

probably lead to reduction of this limit to 5 cGy (5 rad) if received in
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the second quarter of pregnancy.

It seems unlikely that an exact dose, above which therapeutic

abortion would be recommended, is imminent. There is, however, general

agreement that doses below 5 cGy (5 rad) do not warrant abortion. There

is also good indication in the literature (Russell 1986; Mossman and

Hill 1982; Mossman 1985; Kaczmarek et al. 1989; Moore and Shearer 1989;

Syed and Samols 1982; Baker and Vandergrift 1979; Jacobson and Conley

1976) that routine diagnostic x-ray examinations do not result in fetal

doses in excess of 5 cGy (5 rad). I have found the same to be true for

fetal dose estimates that I have made over the past twenty years.

ESTIMATION OF FETAL DOSE FROM DIAGNOSTIC-X-RAY PROCEDURES

There are two methods that are generally used to estimate the

dose to the embryo or fetus. The first involves direct measurement

through use of a phantom and TLD's or an ionization chamber. The second

method is through calculation using the procedure outlined in Appendix A

of NCRP Report No. 54 (NCRP 1977). Prior to using the calculational

method one should:

1. obtain the patient's x-ray file.

2. review the x-ray file and request form with the technologist

who performed the study to verify:

(a) number of exposures

(b) fluoroscopy time

(c) positioning

(d) source-image-distance

(e) technique factors (kVp, mAs)

(f) direction of exposures (A-P, P-A, lateral)

3. review films with a radiologist to determine:

(a) which exposures or fluoro times involved direct exposure

of the uterus.

(b) thickness of the patient

(c) A-P, P-A, lateral depth of uterus

4. review QA records or the measurements on x-ray machine used

to determine mR/mAs at 30", HVL and fluoro exposure rates.

Exposures in which the uterus is more than 10 cm out of the beam

are ignored as the scattered radiation does not add significantly to the
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calculated dose (Jacobson and Conley 1976). NCRP (1977) provides

figures that permit estimation of exposure rates in air (mR/mAs) as a

function of tcVp. However, actual measurements are preferable when they

are available. The uterine depth measured by the radiologist should be

used in determining the uterine dose in rads from the ESE. The isodose

curves of E. Dale Trout (1977) are very helpful in convertina fr_rn ESE

to uterine dose. NCRP (1977) provides a table of embryo (uterine) doses

(mrad/R) for an average sized woman whose uterus is assumed to be

located 8 cm below the anterior surface of the abdomen. A cursory

examination of the Trout (1977) isodose curves or the NCRP table

indicates that the uterine dose (A-P projection) for an average sized

woman in early pregnancy ranges from about 0.1 to 0.5 rad per R exposure

at the skin and is highly dependent on the beam quality (HVL in mm Al).

P-A projections put the uterus at a greater depth, thus reducing the

uterine dose by a factor of approximately 2 when compared to the A-P

projection.

An example will demonstrate the importance of having a qualified

physicist involved with the fetal dose determination:

A 19 year old female with lower back pain, nausea and vomiting

was sent by her referring physician for upper and lower G.I.

examinations. The combined procedures involved 13 radiographs, 23 spot

films and 7 minutes of fluoroscopy. The patient was subsequently found

to be 4 weeks pregnant at the time of the examination. When consulted

for fetal dose estimate the radiologist performed calculations using a

rule-of-thumb formula based upon kVp2, mAs and distance. His estimated

exposure was 120.6 R and he recommended abortion.

Prior to discussion of the dose with the patient, the referring

physician asked me to perform an independent dose estimate. Upon

investigation and actual output measurements I determined that the

formula grossly overestimated the entrance skin exposure. Furthermore,

in arriving at the estimated exposure the radiologist had assumed the

fetal dose to be equal to the summation of ESE from all exposures,

regardless of location. Recalculation based upon the procedure and

technique discussed above resulted in an estimated fetal dose of 1.6

rad. Abortion was not recommended and pregnancy was taken to term.

Today, the parents have a healthy, normal 10 year old son.
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NUCLEAR MEDICINE AND RADIATION THERAPY PROCEDURES

Determination of fetal doses from radionuclides taken into the

body is not well defined and involves consideration of radionuclide,

decay characteristics, effective half-life, bladder size and retention

times, ability of radionuclide to cro3s the placenta and fetal age for

certain radionuclides (e.g. fetal thyroid does not begin to develop

until approximately 11 weeks after conception). Smith and Warner (1976)

provided a method o.J estimating dose to the embryo from 19 source organs

for 99mTc, 111In, 113tnln, 1 2 3I, 1 3 1I, and 133Xe. Others (Book and Goldman

1975; Johnson 1982) have provided methods of determining fetal thyroid

doses from radioiodine which take into account fetal age. A procedure

similar to the NCRP (1977) procedure for estimating embryo/fetal dose

from radiographic examination is needed for estimating embryo/fetal

doses from nuclear medicine procedures.

Dose estimates for the fetus of women undergoing radiotherapy

procedures are best left to the qualified medical physicist routinely

involved in treatment planning.

CONCLUSION

Medical radiation workers usually receive exposures that are

within the NCRP dose equivalent limit recommended for the embryo/fetus.

Diagnostic x-ray examinations result in embryo/fetal doses that do not

warrant consideration of therapeutic abortion. A systematic approach to

estimating fetal doses will better enable the referring physician to

counsel his patient when exposure occurs during pregnancy.
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