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Purpose of review

To review the recent literature on the implications of occupational radiation exposure in

anesthesia practice.

Recent findings

Wide variation and lack of reduction in operator doses of medical radiation strongly

suggests that more attention must be paid to the factors influencing radiation dose

exposure. The eye is likely the most sensitive organ for radiation injury. Radiation-related

cataract formation might be a stochastic effect. Operators are strongly advised to use eye

protection at all times. Safe medical radiation ophthalmic dose limits are currently under

review and are likely to be lowered. Current data do not suggest a significant risk to

the fetus for pregnant women working in the interventional radiology suite as

long as proper monitoring and radiation safety measures are implemented.

Summary

Radiation is increasingly utilized in medicine for diagnostic and therapeutic procedures.

Anesthesia providers may become exposed to unsafe doses while providing high-quality

patient care. Understanding of the physical principles, the sources of radiation

exposure, the potential risks, and safe practices helps to minimize the exposure risk and

its potential deleterious effects to the anesthesia team.
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Introduction
Radiation has been extensively used in medicine for

diagnostic and therapeutic procedures. There are about

2 billion X-ray examinations and well over 60 million

computed tomographies (CTs) performed annually in the

USA [1,2]. Interventional radiology is often the preferred

care pathway for cardiovascular and neurosurgical pro-

cedures because of its advantages over open surgery.

These procedures have the potential to produce occu-

pational radiation exposure levels that are of concern for

anesthesia providers in their daily practice both inside

and outside the operating room [3,4]. An understanding

of the physical principles and ways to minimize the

potential deleterious effects of exposure to radiation is

essential for anesthesiologists [5�].
Quantification of radiation exposure
Radiation exposure limits are expressed in terms of

‘equivalent dose’ for a specific organ or tissue and ‘effec-

tive dose’ for whole-body exposure. Equivalent and

effective dose are calculated from quantities that can

be measured with personal dosimeters. Equivalent dose

(SI unit¼Sievert¼Sv) is the mean absorbed dose in a
Copyright © Lippincott Williams & Wilkins. Unaut
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tissue or organ (SI unit¼Gray¼Gy), multiplied by a

radiation-weighting factor (wR). For diagnostic radiogra-

phy, wR¼ 1, so the tissue dose and the equivalent dose

are numerically equal. Effective dose is the weighted

sum of the equivalent doses in all specified tissues and

organs of the body (SI unit¼Sievert¼Sv) (Table 1)

[6,7��,8].

A personal dosimeter provides two values, Hp0.07 and

Hp10. These values represent the equivalent doses in soft

tissue at 0.07 and 10 mm below the surface of the body

[8]. For example, Hp0.07 from the collar dosimeter worn

over protective garments provides a reasonable estimate

of the dose delivered to the surface of the unshielded skin

and to the lens of the eye. In the USA, National Council

on Radiation Protection and Measurements (NCRP)

recommends combining the Hp10 values from both body

and collar dosimeters to estimate effective dose:

E ðestimateÞ ¼ 0:5HW þ 0:025HN

HN is the reading obtained from the dosimeter at the

neck, outside the protective apron, and HW is the reading

obtained from the dosimeter at the waist or on the chest,

under the protective apron.
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Key points

� The risk of exposure to occupational radiation is

increasing with the advancement and expansion in

utilization of diagnostic and therapeutic procedures

in medicine.

� During some interventional radiology procedures,

the radiation dose received by the anesthesiologist

can be greater than that by the radiologist.

� The eye is the most sensitive organ for radiation

injury and operators are strongly advised to use eye

protection at all times.

� Current evidence suggests that although there is no

apparent risk of receiving ionizing radiation doses in

excess of those set by the NCRP, anesthesiologists

should remain vigilant and maintain radiation safety

standards at all times.

Table 1 Recommended tissue weighting factors

Tissue wR

Red bone marrow, colon, lung, stomach, breast,
and remainder tissuesa

0.12

Gonads 0.08
Bladder, esophagus, liver, and thyroid 0.04
Bone surface, brain, salivary glands, and skin 0.01

ICRP, International Commission on Radiological Protection; wR, weight-
ing factor. Adapted with permission from [8].
a Remainder tissues: adrenals, extrathoracic region, gall bladder, heart,
kidneys, lymphatic nodes, muscle, oral mucosa, pancreas, and prostate
(<), small intestine, spleen, thymus, and uterus/cervix (,).
Maximum safe doses
Data on the risks of radiation has been largely drawn from

the follow-up of 25 000 A-bomb survivors since 1945 [9]

and from 407 000 radiation workers in 15 countries [10].

Although the form of radiation delivered by A-bombs

(gamma radiation) is different from that used in radiology

(x-ray radiation), there is fundamentally no difference in

the carcinogenic potential. In the USA, individual state

governments set occupational dose limits, but in most

cases the recommendations developed by the NCRP are

used [11]. These recommendations include an occu-

pational limit of 50 mSv in any 1 year and a lifetime limit

of 10 mSv multiplied by the individual’s age in years

(Table 2) [8]. The NCRP recommends a 0.5-mSv equiv-

alent dose monthly limit for the embryo fetus (excluding

medical and natural background radiation) once the

pregnancy is declared [12]. In the USA, personnel who

do not wish to declare their pregnancy are not required to

do so [13�].
Sources of radiation exposure
On average, the US public receive a radiation dose of

about 6.2 mSv/year. Half of this dose comes from natural

background radiation and the other half, 3 mSv/year,

comes from medical, commercial, and industrial sources

[14]. The effective dose for a chest CT is approximately

100–1000 times larger than that for a corresponding chest

x-ray examination (Table 3) [14].
opyright © Lippincott Williams & Wilkins. Unauth

Table 2 Recommended dose limits for occupational exposure in

x-ray imaging

Dose quantity Occupational dose limita

Effective dose 20 mSv/year averaged over 5 consecutive
years (100 mSv in 5 years), and
50 mSv in any single year

Equivalent dose in
Ocular lensb 150 mSv/year
Skinc 500 mSv/year
Hands and feet 500 mSv/year

ICRP, International Commission on Radiological Protection. Adapted
from ICRP [8].
a Dose limits can be different in national regulations.
b This limit is currently being reviewed by an ICRP Task Group.
c Averaged over 1 cm2 of the most highly irradiated area of the skin.
Medical radiation exposure may occur from three sources:
(1) D
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CT,
irect exposure from the primary x-ray beam.
(2) S
cattered radiation from patient body surface.
(3) R
adiation emitted from the x-ray tube in areas other

than the primary beam, defined as leakage x-rays.
In most cases, scattered radiation is the main determinant

for occupational exposure. Level of scatter is largely deter-

mined by the amount of dose exposure and distance from

the patient. Reducing the patient dose to as low as reason-

ably achievable (ALARA) to attain the required medical

outcome helps to prevent excess radiation exposure [15].

Equipment regulations limit the maximum leakage level

to 1 mGy/h at 1 m from the x-ray tube for maximum tube

potential – voltage (kVp) and maximum continuous tube

current – amperage (mA). For typical fluoroscopy tech-

niques, leakage radiation is generally small and in the

range of 0.0010.01 mGy/h at the operator’s position [16��].
Effects of ionizing radiation
Radiation creates deterministic effects, stochastic effects,

or a combination of both effects on biological tissues.

Deterministic effects create cell death at the tissue level
ed reproduction of this article is prohibited.

e 3 Average radiation doses

nostic modality
Effective radiation

dose (mSv)

dard chest x-ray 0.02
ine x-ray 0.3
men x-ray 0.53

is/hip x-ray 0.83
acic spine x-ray 1.4
bar spine x-ray 1.8

CT 2.0
minal CT 10

st CT 10–40

computed tomography. Adapted with permission from [14].
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of the exposed individual resulting in defects, in particu-

lar lens opacities, skin injuries, and infertility. Determi-

nistic effects occur predictably when the dose exceeds a

certain threshold. Stochastic effects refer to the devel-

opment of cancer from the direct DNA ionization or from

the creation of hydroxyl radicals from x-ray interactions

with water molecules. These radicals in turn interact with

nearby DNA to cause strand breaks or base damage. Most

radiation-induced damage is rapidly repaired by various

systems within the cell. DNA double-strand breaks are

less easily repaired, and occasional abnormal repair can

lead to induction of point mutations, chromosomal trans-

locations, and gene fusions, all of which are linked to the

induction of cancer [17�].

Organs and tissue most at risk from occupation

exposure to radiation

There is no known ‘safe’ dose below which an induced

neoplasm does not occur [18]. Stochastic effects are

cumulative and have a long latency period; they occur

randomly and are dependent on the level and type of

radiation delivered, the tissue irradiated, and the age of

the patient. A statistically significant linear relationship

between excess cancer risk and radiation dose at levels

lower than previously seen has recently been described

[19]. In 2005, the National Academy of Sciences (Com-

mittee on the Biological Effects of Ionizing Radiation)

described a 1-in-1000 chance of developing cancer from a

radiation exposure of 10 mSv.

Effects on the eye

Interventional radiology can produce relatively high

exposure doses to the unprotected eye from scatter

radiation and other sources. This may be more significant

for individual personnel than the carcinogenic or terato-

genic effects of occupational exposure [7��,20]. As an

example, neuroembolization procedures produce a range

from 1.4 to 5.6 mSv intraocular lens dose per procedure, if

no movable shield or leaded glasses are worn and distance

is less than 1 m from the patient [21]. Recent data,

however, indicates the threshold dose may be signifi-

cantly lower or zero [22] and that radiation-induced

cataracts may be a stochastic effect rather than a deter-

ministic one [23]. In their recent study, Anastasian et al.
demonstrated that the scattered radiation exposure to the

anesthesiologist’s eye could be up to three times that of

the interventionist [24��,25�].

Risks to the fetus

The NCRP recommends that the occupational radiation

exposure of the fetus must not exceed 5 mSv for the

entire duration of the pregnancy or 0.5 mSv/month of

pregnancy. International Commission on Radiological

Protection (ICRP) recommends an even lower limit

for occupational radiation exposure to a fetus of less than

1 mSv [20,26,27]. The risk of induced miscarriages, can-
Copyright © Lippincott Williams & Wilkins. Unaut
cer, or congenital malformations in embryos or fetuses

exposed to doses of 50 mGy or less is negligible [28,29]

compared with control populations exposed to back-

ground radiation estimated as less than 1 mGy over

the gestational period. The first trimester is the period

of greatest risk. Potential noncancer health effects of

prenatal radiation exposure in doses greater than 0.5 Gy

include:
(1) l
hor
ess than 2 weeks – unknown;
(2) 2
–7 weeks – death, miscarriage, growth retardation,

and neuromuscular deficiencies;
(3) g
reater than 8 weeks – miscarriage, severe mental

retardation, growth retardation either of the entire

body or skull, and brain and major malformations.
The threshold dose for these deterministic effects is well

above that which a practitioner in an invasive or inter-

ventional unit would receive under a protective apron.

Thus, the use of standard radiation protection techniques

result in negligible risks to the fetus [30]. Wagner and

Hayman estimated the predicted probability of a live

birth without malformation or cancer is reduced from

95.93 to 95.928% following conception exposure of

0.5 mSv. Exposures above 10 mSv were predicted to

increase the risk by 0.1%. Nevertheless in-utero exposure

to ionizing radiation at any dose is associated with an

increased risk of childhood malignancy, especially leu-

kemia. Risk is estimated to be greater than 6% in doses

above the 0.5 Gy [31,32�].
Safe practices and preventative measures
Implementation of occupational radiation protection

strategies is required for safe practice. These include

the adoption of appropriate management and organiz-

ational structure, policies, and procedures. Risk factors

for exposure to radiation may be modifiable or nonmo-

difiable.
(1) N
onmodifiable factors include

(a) patient related

(i) complexity of the clinical problem;

(b) physician related

(i) body size;

(ii) sex;

(iii) experience;
ize
d r
e
(2) M
odifiable factors include

(a) duration;

(b) distance;

(c) barrier;

(d) education;

(e) monitoring.
Anesthesiologists should attempt to reduce modifiable

risk factors whenever possible.
production of this article is prohibited.
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Duration

Anesthesiologists have less control over the procedure

duration, which is highly effected by complexity of the

procedure and the service caseload [1].

Distance

Distance (d) from the radiation source is an essential

factor to reduce the radiation exposure. During fluoro-

scopy, the main source of radiation is the scattered

radiation not the direct radiation from the x-ray tube.

The power of the radiation beam is attenuated according

to the inverse square law (1% d2). Exposure is minimal at

a distance of more than 36 inches [15,33]. Direct patient

contact in a cramped working environment limits the

possibility of maintenance of safe distance for the

anesthesiologist. Positioning of the radiologist on the

patient’s right, with the anesthesiologist to the left and

on the side of the lateral x-ray beam’s scatter, is com-

monly seen and increases exposure risk [21].

Barriers

Anesthesiologists can utilize three types of radiation

shielding.
(1) S
op
tructural shielding including shielding material that

is embedded into the walls of the radiology suite and

mobile, transparent leaded acrylic shields. Mobile

shields may either be mounted on wheels or ceil-

ing-mounted on a suspension that moves with

the practitioner.
(2) E
quipment mounted shielding such as leaded drapes

suspended from the fluoroscopy table and the scan-

ner, which provides minimal protection.
(3) P
ersonal shielding including aprons, thyroid shields,

eyewear, and gloves.
The shielding material should be a minimum thickness of

0.5 mm lead equivalent. Depending on its lead equival-

ence and the energy of the x-rays, an apron will attenuate

approximately 90% or more of the scattered radiation.

Proper apron sizing is critical if the design includes two

layers that must be overlapped to meet the lead-equiv-

alent thickness specification. Over time, the shielding

material in protective garments can develop cracks and

holes that are not visible externally. Aprons should be

stored on hangers with minimal folds and be monitored

annually with fluoroscopy to check for integrity. Most

commercially available protective aprons sold today con-

tain materials like barium, tungsten, tin, and antimony.

They provide the same attenuation as an equivalent

thickness of lead at approximately 30% of the weight

[34]. Thyroid shields are lightweight and easy to use and

should be recommended for all personnel. Lightweight

plastic prescription glasses offer inadequate protection

(5% reduction in radiation exposure). Prescription glasses

made of optical glass offer modest protection from the
yright © Lippincott Williams & Wilkins. Unauth
scattered radiation (30–40% reduction in radiation

exposure) [35]. Lightweight leaded eyeglasses with large

lenses and protective side shields generally provide 0.5 or

0.75 mm lead-equivalent protection (�98%) and should

be a part of standard protective apparel.

Education

Training programs are crucial to the development of safe

operating practices in a radiation environment [36�,37�].

Guidance has been published on what the training for

medical staff should cover. Examples include the Inter-

national Atomic Energy Agency (IAEA) material for

diagnostic and interventional radiology [38��], and the

Multimedia and Audiovisual Radiation Protection Train-

ing in Interventional Radiology (MARTIR) project [39].

Monitoring

Fluoroscopy units record the peak skin dose and fluoro-

scopy time. The unit gives warning when the total time

approaches 30 min and then every 15 min thereafter.

Dose monitoring must be documented according to

the state and federal guidelines and all personnel working

frequently in high-risk radiation exposure areas (fluoro-

scopy units) should wear dosimeters. There are three

types of dosimeters used in practice.
(1) F
oriz
ilm badges are the common type and use a film

sensitive to radiation, similar to 35-mm camera film.

The film is loaded into a plastic holder containing a

system of filters (strips of copper, aluminum, lead,

etc.) that allow the dosimeter reader to correctly

identify the type of radiation exposure. This system

is heat and moisture sensitive.
(2) T
hermo-luminescent dosimeters.
(3) O
ptically stimulated luminescent dosimeters.
Dosimeters are person specific and should not be shared.

If a single dosimeter is worn, it must be placed at the

outside shielded garment or thyroid collar. When using

two dosimeters: the dosimeter ‘collar’ is worn at collar

level outside of the lead apron or lead thyroid collar; the

dosimeter ‘torso’ is worn at waist level under the lead

apron. Dosimeters usually assigned to monitor a period of

up to 3 months, but if recorded exposures reach 10% of

the allowable limits, they must be exchanged monthly

in order to capture radiation doses before reaching

unacceptable levels.
Conclusion
Although the current evidence suggests that occupational

radiation doses are below the recommended threshold,

this should not lead to complacency. The complexity

of radiological procedures, increased demand, and the

introduction of new clinical applications means that

anesthesiologists have a high potential for significant
ed reproduction of this article is prohibited.
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occupational exposure to radiation. Even low levels of

exposure are not inconsequential. The stochastic biologic

effects of radiation are the consequence of direct damage

to critical atoms within individual cells. The resultant

cellular injuries are cumulative and permanent. There

are currently no published data that define the lower

threshold for such radiation-induced disease.

Routine monitoring of anesthesia personnel, especially

in high-risk radiological environments is essential. Edu-

cation and training in radiation protection and the avail-

ability and proper use of protective equipment is vital.

These measures will help to ensure that anesthesia

personnel are adequately and acceptably protected from

exposure to medical radiation.
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