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Objective: Assessment of the potential doses to the hands and eyes for interventional
radiologists and cardiologists can be difficult. A review of studies of doses to
interventional operators reported in the literature has been undertaken.
Methods: Distributions for staff dose to relevant parts of the body per unit dose–area
product and for doses per procedure in cardiology have been analysed and mean,
median and quartile values derived. The possibility of using these data to provide
guidance for estimation of likely dose levels is considered.
Results: Dose indicator values that could be used to predict orders of magnitude of
doses to the eye, thyroid and hands from interventional operator workloads have been
derived, based on the third quartile values, from the distributions of dose results analysed.
Conclusion: Dose estimates made in this way could be employed in risk assessments
when reviewing protection and monitoring requirements. Data on the protection
provided by different shielding and technique factors have also been reviewed to
provide information for risk assessments. Recommendations on the positions in which
dosemeters are worn should also be included in risk assessments, as dose measurements
from suboptimal dosemeter use can be misleading.
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Interventional radiologists and cardiologists have the
highest exposure to radiation of any staff working with
medical X-ray techniques [1, 2]. The continual improve-
ments in technology and methodology enable more
challenging clinical problems to be tackled, so the
numbers of procedures being performed continues to
rise [3]. Because of the potential for doses received by
interventional operators to be high, it is important that
they are monitored effectively. Doses to the trunk are
recorded routinely, but it is often not easy to decide
when it is appropriate to monitor other parts of the body
that are more difficult to protect and have their own dose
limits [2]. The tissues that may be exposed to higher
doses are the head, particularly the eyes and thyroid, the
hands and the legs. The eyes have their own dose limit of
150 mSv for a classified worker, and lens opacities have
been reported among interventional radiology operators
that are thought to be due to X-ray exposure [4, 5]. The
thyroid is known to be radiosensitive and makes a
significant contribution to the effective dose (E) if it is not
shielded [6–9]. The skin has a dose limit of 500 mSv,
which is applied to the dose averaged over 1 cm2.
Exposure of the hands is a matter of concern because of
the need for the operator to be close to the X-ray field to
carry out manipulations, and the possibility of higher
doses from poor practice if the hands are exposed to the
primary beam. The skin dose limit also applies to the legs
and these need to be considered as they are usually
closer to the region of scatter from the unattenuated X-
ray beam with undercouch X-ray tubes [10].

Analysis of results from extremity monitoring for
medical applications reported by seven European coun-
tries has shown that hand doses from routine monitoring
are lower than those reported in dedicated studies pub-
lished in the literature [11]. Several factors probably
contribute to this difference. The most exposed workers
may not be monitored, dosemeters may not be worn on
the most exposed part of the hand and use of doseme-
ters may be erratic. A more systematic, evidence-based
approach to dose monitoring would be beneficial in trying
to alleviate these problems. It is impractical to monitor
doses to all sites for every interventional operator. Prac-
tices should be reviewed in risk assessments to determine
appropriate dosimetry arrangements, but before any dose
measurements are carried out, the information available
on potential doses is limited. Measurements of the
distribution of air kerma made with ionisation chambers
during simulated interventional procedures can be useful
for establishing where dose rates are higher [2, 8, 10, 12–
15] and are helpful in assessing where staff should stand,
but the information they provide relating to doses to
different parts of the body, especially the hands, is limited.
Many studies of the doses received by interventional
operators have been carried out and information gained
from these could be used in evaluating likely dose levels
for application in risk assessments to establish the dose
monitoring that should be undertaken.

Methods and materials

A review has been undertaken of studies reported in
the literature for doses to interventional operators in
radiology and cardiology applications over the last 20
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years [16]. A literature search was carried out using the
NHS Greater Glasgow and Clyde Literature Search
Service based on MEDLINE and EMBASE in March
2009 for the original study, and this was followed up by a
further search in January 2010. Indexes listing all papers
published in the journals British Journal of Radiology,
Radiation Protection Dosimetry and Health Physics over the
period were examined, and all relevant papers in these
journals reviewed. Additional papers referenced else-
where were also obtained for review. Data on dose levels
per procedure for the eyes, thyroid and extremities, and
associated patient dose–area product (DAP) data have
been collated. A requirement was set that dose levels for
interventional operators were based on at least 20
procedures. The distributions of mean dose values from
each study have been analysed.

Sufficient data were available for interventional cardi-
ology to assess operator doses per procedure for the eye,
thyroid and extremities. There would be significant
variations between procedures, but most of these studies
include a mix of the cardiology procedures performed
routinely in each hospital. Where studies have reported
results for diagnostic coronary angiography (CA) and
percutaneous coronary interventions (PCIs), both data
sets have been included in the data pool. For interven-
tional radiology the amounts of radiation used vary
substantially between different types of procedure, and
individual radiologists specialise in different procedures,
so an approach based on dose per procedure has little
value.

Mean values for relationships between doses to the
eyes, thyroid and extremities and the patient dose-
related measurement DAP have been analysed for the
interventional radiology and cardiology studies where
this has been measured. Values that were quoted in the
papers have been used where these were available.
Where data on staff doses have been plotted against DAP
or results quoted separately, ratios have been calculated
from the values given. Doses to the hands have been
measured with dosemeters worn on finger rings or a
wrist band. For the legs the dosemeter positions, where
specified, were on the foot or the anterior part of the
lower leg. The reported values were used directly in the
collation, with no adjustment for position, so these

differences contribute to the uncertainty. Results have
also been collated for the ratio of the dose to the eye and
the thyroid in studies where both have been recorded.
Where results for several groups of staff have been
reported, because they used different techniques or
equipment or were obtained in different hospitals, these
have been included separately. Where results for
individual radiologists or cardiologists in one depart-
ment have been reported, the mean values for all the
individuals have been used in order to avoid results
being heavily weighted by a single department. Thyroid
doses for two studies were excluded from the thyroid
dose data set. In these reports the thyroid doses were less
than half those in any other studies, and the ratios of the
eye to thyroid doses were about two, compared with less
than one for other centres, suggesting inappropriate
placement of the thyroid dosemeters.

In the analysis of data per unit DAP, results are
presented for all interventional procedures combined to
allow a larger data set to be collated. This quantity allows
adjustment for the amount of radiation used, which is one
of the most significant factors determining staff doses, but
does not take account of variations relating to the
technique and position taken up by the operator. In two
cases data sets were split, because there were obvious
differences resulting from a single factor. Hand doses for
percutaneous procedures, for which the operators’ hands
were adjacent to the primary beam, and leg doses where
no shield was used were both substantially higher than
other doses in the same data set and results for these
procedures were therefore analysed separately. Where
sufficient cardiology data were available, results for dose
per unit DAP were also derived. Mean, median and
quartile values and ranges have been derived for the
distributions. References used in the analysis for each
aspect are listed in Table 1 [8, 10, 17–51]. Possible
approaches that might be used to give indicative doses
to the eyes and hands are considered.

Studies of the protection provided by shielding devices
have also been reviewed. These results have been derived
in different ways. In some studies, a direct comparison of
the doses received by the same staff groups using
different techniques has been possible. Examples include
dose measurements with and without leg protection made

Table 1. Studies used for interventional cardiology doses and doses per unit dose–area product (DAP)

Tissue Cardiology doses per procedure Interventional doses per unit DAP

Eye 8 (2), 17, 18 (3), 19 (2), 20 (2),
21 (3), 22 (2), 23 (2), 24, 25,
26, 27 (2), 28

18, 23 (5), 25, 26, 29

Thyroid 17, 20 (2), 22 (2), 23 (2), 25, 28,
30, 31 (4), 32 (2), 33 (2)

23 (5), 30, 31 (4), 32 (2), 33 (2),
34 (3), 35 (3)

Hand: non-percutaneous
procedures

17, 19, 20, 22 (2), 24, 25, 27 (2),
28, 33 (2), 37, 38, 39 (2), 40,
41 (2), 42

22, 23 (5), 24, 25, 33 (2), 34 (3),
35, 36, 39 (2), 41 (5), 43, 44

Hand percutaneous 29, 35, 41, 44, 45
Leg: screen 25, 27, 42, 46 (8), 47 (5), 48 (3) 10, 24, 25, 42, 43, 47 (4), 48 (3)
Leg : no screen 10, 23(5), 45, 46(2), 47
Ratio eye dose/thyroid dose 17, 28, 20(2), 22(3), 23(5), 45(2),

49, 50, 51

Where several groups have been assessed in one study, separate results have been included for each and the number of groups
taken from each reference is given in brackets. The groups may relate to ones using different protection practices or ones from
different hospitals. References 47 and 48 contain data sets from hospitals in a number of different countries.
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before and after a lead curtain was installed [52] and
measurements of hand doses from cardiology procedures
performed with radial and femoral access routes, where
choice of technique was determined by a clinical decision
[41]. Other results were derived from comparisons be-
tween different groups for whom shields were or were not
available, or who employed different techniques. Other
studies have been based on dose measurements made
using anatomical phantoms to simulate exposure condi-
tions during clinical procedures. The results of these
investigations together with the methodology used are
reported to give an indication of the influence of different
factors prior to consideration of the dose values.

Results

Protection measures and dose levels

Data for distributions of mean doses per procedure for
different parts of the body from the cardiology studies are
given in Table 2. The ratios of maximum and minimum
mean doses reported are between 60 and 100. There are
many factors that contribute to variations in the amounts
of radiation used which are difficult to quantify for the
separate studies. These include the complexities of the
procedures, the dose options on the X-ray equipment
used, the size of the patient [53] and the technique and
skill of the operator, but these will not be considered
further here. Results from studies that have assessed the
degrees of protection afforded by various factors are sum-
marised in Table 3. Radiology and cardiology staff mem-
bers working in fluoroscopy rooms wear wrap-around
lead/rubber aprons to protect the trunk from scatter-
ed radiation. A separate thyroid collar incorporating

0.35 mm or 0.5 mm of lead is usually worn by the
operator. Monte-Carlo simulation has indicated that
collars of 0.5 mm or 0.35 mm lead equivalent worn in
an ideal position have the potential to provide protection
factors for the thyroid of 12 or 7, respectively [54],
although practical simulations with surface-mounted
thermoluminescent dosemeters (TLDs) for collars worn
in positions more representative of actual practice suggest
that the dose reduction is less (Table 3), but thyroid collars
still represent an important element of the protection.
Differences arise because the collars are worn more
loosely for reasons of comfort. The doses to other parts
of the body not protected by lead coats or collars depend
on how close they are to the X-ray tube and patient, and
the use made of local shielding. The degree of protection
in practice depends on the availability of protective
devices and the willingness of operators to use them
(Table 3) [5, 15, 16, 21, 37, 41, 52, 54–62].

The positions in which interventional operators stand
relative to the X-ray beam are largely determined by the
procedures performed. Cardiologists carrying out CA
and PCI procedures need to stand closer to the area
being imaged when introducing catheters via the radial
artery route than when they use a femoral access route.
As a result, operators will tend to receive higher doses
for radial access procedures [21, 41]. However, the radial
route may have advantages for patient management that
outweigh the higher dose to the operator. In interven-
tional radiology, femoral access is used for the majority
of procedures, but for percutaneous procedures such as
biliary stent or drainage, the operator will need to stand
closer to the region being imaged, so the scatter dose will
be proportionately higher than for other procedures [41].
All these factors contribute to the variations in dose
between different studies.

Table 2. Data on the distributions of operator doses in microsieverts per procedure from cardiology studies reviewed

Organ No. of data sets Min. First quartile Median Mean Third quartile Max.

Eye 23 5 7.5 34 66 89 439
Thyroid 18 3.8 32 53 88 98 392
Hand 20 8 27 136 175 338 514
Leg (protective screen) 19 5 14 25 32 41 96

Table 3. Degrees of protection offered by different factors

Organ Protection factor Dose reduction
factor

Study methodology Reference

Head and thyroid Face shield normal usage 10 Practical simulation 55
14 Practical simulation 15

Mobile floor shield 4 Measurements on staff 21
Eyes Lead glass spectacles 30 Practical simulation 5
Thyroid Thyroid collar 5–6 Monte Carlo simulation 54

4–6 Practical simulation 56
2–3 Measurements on staff 37

Hands Hand position 3 Practical simulation 57
Access route 6 Measurements on staff 41
Protective glove 1.1–1.8 Practical simulation 58–61

Legs Lead/rubber skirt 19 Measurements on staff 62
14 Comparison of studies Present
16–20 Practical simulation 15
10 Practical simulation 55

Ankle Lead/rubber skirt 3 Measurements on staff 52

Dose monitoring for interventional operators
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Monitoring doses to the body

The standard method used for monitoring doses to staff
working with X-rays in the UK is to wear a single dose-
meter under the lead/rubber apron to measure Hp(10),
which is the individual equivalent dose for penetrating
radiation assessed at a depth of 10 mm. This provides a
measure of the exposure of sensitive organs in the trunk,
which is equated to E, but does not take into account expo-
sure of unprotected parts of the body, especially the head.
The International Commission on Radiological Protection
(ICRP) has recommended that a policy of wearing two
dosemeters should be adopted for highly exposed staff
undertaking interventional radiology procedures, but this
is not a regulatory requirement and the practice is limited
[2]. One dosemeter would normally be worn at chest height
under the apron, and the other at the level of the neck
outside the apron. Many different algorithms have been
developed combining the doses recorded to provide an
assessment of E [9, 61, 63–67]. The method developed by
Niklason et al [64] is widely used and has different options
depending upon whether or not a thyroid collar is worn.

Without a thyroid collar

E~0:06 Hos { Huð Þz Hu (1)

where Hu is Hp(10) on the trunk under the apron and
Hos is Hp(0.07) at the neck outside any protection worn,
and with a thyroid collar

E~0:02 Hos { Huð Þz Hu 2ð Þ

Doses to the body per interventional procedure are
generally between 0.2 mSv and 10 mSv per procedure for
undercouch X-ray tube configurations [21, 30–32, 45, 48],
although doses as high as 19 mSv per procedure have
been reported [22]. If an individual performs 500 proce-
dures in a year, this would result in an annual dose
between 0.1 and 2 mSv. From the limited data available,
the quartile values for the dose per unit DAP were 0.1
and 0.6 mSv Gy21 cm22 [21, 30–32, 48, 54, 68, 69].

Doses to the eye and thyroid

Studies suggest that the most important factors deter-
mining eye dose are the X-ray equipment and the use of
eye shields (Table 3) [5, 18, 22, 55], but other factors such
as tube angulation, operator position and beam collima-
tion also affect eye doses [5]. The wearing of lead glass
spectacles or masks will provide effective protection, but
there are issues of comfort and practicality, and the use of
ceiling suspended shields is recommended as, if used
properly, they will protect the whole head and neck from
scatter. When employed optimally they should enable
high-dose procedures to be performed without the annual
accumulated eye doses approaching three-tenths of the
dose limit. Data on the distribution of eye and thyroid
doses from interventional cardiology studies are given in
Table 2. A rule of thumb proposed for predicting eye dose
levels for cardiac catheterisation procedures is 5 mSv per
100 procedures (50 mSv per procedure) [18]. The median
eye dose from all the interventional cardiology and
radiology studies reviewed was 34 mSv per procedure

and the third quartile value was 89 mSv. The results reflect
a skewed distribution with a number of relatively high
values. The range of eye doses in interventional radiology
is large and a mean dose of 403¡300 mSv per procedure
has been reported for complex transjugular intrahepatic
portosystemic shunt (TIPS) procedures [49]. One factor
contributing to the large range may be the positioning of
the dosemeter. A recent study using sets of 10 TLDs
positioned in a line across the foreheads of cardiologists
showed that doses to the eyebrow ridge on the side
nearest to the X-ray tube and intensifier were 3–5 times
greater than those in the middle of the head [27]. Thus,
dosemeters for the monitoring of eye doses should be
positioned on the side of the brow ridge adjacent to the X-
ray tube immediately above the eye, in order to give an
indication of the maximum potential eye dose.

It is not always convenient to monitor eye doses, but the
dose from an unprotected dosemeter at the neck can be
used as an indicator for the dose to the eyes (Table 2). The
equivalent dose to the crystalline lens of the eye should
ideally be assessed at a depth of 3 mm using Hp(3), but
the quantity more commonly recorded by personal dose-
meters is Hp(0.07) and for diagnostic X-rays this should be
within 10% of the actual value; results reported here are
based on Hp(0.07). For a person standing with their body
0.5 m from the patient and image intensifier, the distances
to the thyroid and the forehead would be about 0.7 m and
0.8 m, respectively, giving a ratio of 0.76 from a simple
inverse square law. Analysis of data from studies in which
both eye and thyroid doses have been recorded showed
that results for the eye dose were usually between 0.4 and
0.9 of the thyroid dose, derived from Hp(0.07) measured
outside the lead apron at the level of the neck (Table 4). In
two studies reviewed, the measured thyroid dose was
about half that of the eye dose [25, 43], possibly owing to
unusual placement of the thyroid dosemeter (e.g. on the
side away from the X-ray tube), so these two studies were
excluded from the analysis of the eye/thyroid dose ratio.
Simulations using a phantom have shown that the tube
orientation has a significant influence [50]. Monte-Carlo
simulations suggest that the eye dose is about 0.75 times
the dose at the neck [66]. Following a collation of the
evidence available, the equation

eye dose~0:75 | neck dose 3ð Þ

is recommended for estimating the eye dose from a
measurement with an unshielded neck dosemeter.

Links between doses to the eyes or the thyroid and the
DAP have been investigated in a number of studies and
data on the distributions are given in Table 4. In the two
studies in which the ratio of the eye to the thyroid dose
was low, the ratio of thyroid dose to DAP was also
exceptionally low [16, 25, 43] and results from these
studies were again excluded. Where a neck dosemeter is
used, this should again be worn on the side adjacent to the
X-ray tube.

Hand doses

The position of the operator has a significant influence
on the magnitude of the dose to the hands and
contributes to the range of doses from different studies
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(Table 2). It will sometimes be appropriate to monitor
doses to the hands to assess whether good practice is
being followed. As the hands of the interventionalist are
often relatively close to the edge of the X-ray field, the
dose will not decline as a simple inverse square law
relationship, but when the hands are further from the
beam they may be partly shielded by the patient’s body.
Protection of the hands provided by screens is often
limited, as the hands are below the level of ceiling-
suspended screens, and although freestanding adjustable
overtable screens can provide good protection, interven-
tional operators often find them too intrusive, as space is
limited, and they raise additional problems of sterility.
Protective gloves are available, but are comparatively
expensive and the protection offered is limited (Table 3)
[58–61].

For a right-handed interventional operator the left
hand is usually closer to the image receptor and X-ray
tube, as the left hand maintains the position of the
catheter while the right hand carries out the manipula-
tions. Doses to the right hand were generally about half
of those to the left and only results for the most exposed
hand have been analysed. Doses for percutaneous
interventional radiology procedures such as biliary
drainage are highest because the hands need to be close
to the area under investigation in order to manipulate
catheters inserted directly into the liver [35, 41, 44]. This
causes the range of hand dose per unit DAP to be larger
than for the eye and thyroid and results for percutaneous
and non-percutaneous procedures per unit DAP have
therefore been analysed separately (Table 4). In proce-
dures such as TIPS that are carried out via the internal
jugular vein (IJV), doses to the hands may be high
because the procedures are technically challenging and
screening times are long. Mean doses per procedure to
the hand reported in studies of TIPS procedures are
between 500 and 600 mSv per procedure [41, 49], but the
doses per unit DAP for TIPS are similar to those for
interventional procedures via the femoral access route,
such as angioplasties and stents [41]. Ratios for percu-
taneous procedures for which the hand is positioned
adjacent to the X-ray field are in the range 10–60 mSv
Gy21 cm22, whereas ratios for procedures using the
femoral and IJV access routes were in the range

0.4–7 mSv Gy21 cm22 [16]. The ratio of hand dose over
DAP for a study of PCIs using a radial approach was
9 mSv Gy21 cm22 [41] and this has not been included in
the combined data in Table 4. Results for doses per unit
DAP for the hands, thyroid and legs for cardiology
procedures (femoral and radial access) were 25–30%
lower than those obtained when all the interventional
procedure data were combined (Table 4). When only
results for femoral access cardiology procedures were
considered, then the hand doses were 43% lower than
the combined result. Since radial access may be used and
leads to a higher hand dose for some cardiology
procedures, a combined approach to evaluating doses
for cardiology procedures is considered to be justified.

The ICRP recommendations and UK national legisla-
tion require an assessment to be made of the dose to the
most exposed area of skin and that the dose limit is ap-
plied to the dose averaged over an area of 1 cm2 [2, 70, 71].
The magnitude of the dose to the most highly exposed
part of the hand is determined primarily by the distance
from the X-ray beam, but the part of the hand receiving
the highest dose is affected by the orientation of the hands
relative to the scatter field. Most procedures involve
several different hand positions, with one where the hand
is side-on to the X-ray beam often being predominant as a
twisting action is used to manipulate the catheter. The
side of the hand receives the highest exposure when the
catheter is being twisted [41]. A sketch of the dose
distribution that might be expected across the hand for
procedures using the femoral access approach is shown in
Figure 1a. Since the side of the hand receives a higher
dose, it is more appropriate to wear the dosemeter on
either the little finger or the ring finger. A dosemeter worn
on the index finger may underestimate the maximum
dose to an area of skin on the hand by 10–30%, and one on
the wrist may underestimate the dose by a factor of three.
Comparison of results from routine wrist and finger
monitoring in individual countries suggests that the doses
recorded by wrist monitors are between two and seven
times lower [11]. Two sets of results from one cardiology
study using radial access were derived from wrist
monitors [33]. The reported values for the ratio hand
dose per unit DAP were in the range of 1.3–1.9 mGy Gy21

cm22 for PCI and CA, so ratios relating to the maximum

Table 4. Data on the distributions for ratio of eye and thyroid dose, and for ratios of operator doses to dose–area product (DAP)
(mGy Gy21 cm22) from studies reviewed

No. of
data sets

Min. First
quartile

Median Mean Third
quartile

Max.

Dose ratio: eye/thyroid 17 0.24 0.38 0.54 0.63 0.86 1.25
Tissue dose/DAP mGy Gy21 cm22

All interventional procedures
Eye 9 0.29 0.32 0.43 0.79 1.0 1.9
Thyroid 20 0.28 0.71 0.99 1.38 1.7 4.3
Hand (percutaneous procedures) 5 11 16 32 27 34 60
Hand (non-percutaneous procedures

femoral and internal jugular vein access)
24 0.43 1.3 2.4 2.8 4.3 6.7

Leg (no screen) 8 2.6 5.0 6.2 6.7 9.0 10.6
Leg (protective screen) 14 0.21 0.28 0.45 0.85 1.6 2.3

Cardiology procedures
Thyroid 11 0.28 0.6 0.8 0.9 1.2 1.8
Hand (femoral and radial access) 10 0.43 1.1 1.4 2.5 2.9 9.0
Leg (protective screen) 10 0.21 0.26 0.34 0.65 1.2 1.9

Dose monitoring for interventional operators
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skin dose from this study are likely to be in the range of 4–
6 mGy Gy21 cm22. For percutaneous procedures, the hand
movement is predominantly a prodding action combined
with pushing and retracting the catheter, and the tips of
the index and middle fingers may receive slightly higher
doses than the base (Figure 1b). However, these proce-
dures would seldom make up the majority of a radiolo-
gist’s workload, so a ring dosemeter worn on the little
finger of the hand nearest to the X-ray tube is likely to be
the most appropriate method for monitoring the hands of
all interventional operators.

There are logistical difficulties in ensuring that hand
dosemeters are sterile and put on at the correct time
during the preparation for a procedure, as well as in
achieving the compliance of staff in wearing them. Ring
dosemeters that are watertight may be sterilised.
Ginjaume et al [44] reported that the variation in dose
results caused by the sterilisation process for dosemeters
consisting of a TLD chip in a ring-shaped PVC holder
was less than 3%, but this is not ideal. If intervention-
alists scrub their hands before the procedure with the
dosemeter in place and put surgical gloves over the
dosemeter, sterility should not be an issue in minimally
invasive surgery. However, scrubbing up with a dose-
meter already in place may not be consistent with some
local procedures for surgical cleanliness.

Leg doses

Most interventional procedures are carried out on
undercouch units. Since the primary beam is scattered
downwards from the base of the couch, the legs can
receive significant doses. Doses to the legs for a
radiologist or cardiologist using a femoral access route
can be several times those to the hands and could
approach the dose limit, if there is no lead/rubber shield
to offer protection [10]. Lead/rubber drapes should be
attached to the side of the couch to provide the operator

with protection and should be included in specifications
for interventional units. The better type of screen is one
that is integral with the X-ray couch. For units on which
procedures such as TIPS are performed, where the
operator is positioned near the head, the need to provide
protection near the head end of the couch must be
considered. The doses to the legs should not present a
protection issue if appropriate shields are in place
(Table 2). Data on doses to all parts of the leg have been
included in the pool for Table 2, but those in the upper
half of the distribution were all measured near the foot.
Where doses to different parts of the leg have been
measured, the doses to the ankle and foot are double
those to the knee [10, 27], as the couch may on occasions
be raised too high for the drapes to fully protect the feet.

When there is no protection for the legs, the doses are
strongly related to the DAP [10] (Table 4). There are
substantial variations in dose per unit DAP where there
is a screen in place, with a factor of six between the first
and third quartile values, which is double that for other
tissues (Table 4). This is likely to result from the position
on the leg where the dose is measured. Lead/rubber
drapes attached to the side of the couch provide effective
protection for the majority of the leg, but may not protect
the feet and ankles all of the time, especially for tall
operators. Comparisons of the median values for the
distributions of leg dose per unit DAP with and without
a shield suggest that shields reduce leg doses by factor of
14. However, measurements made just above the ankle
on the same group of radiologists before and after lead
drapes were installed only showed a reduction by a
factor of three [52], and this probably reflects the level of
protection afforded to the lower leg.

Discussion

The number of interventional procedures is steadily
increasing and it is important that appropriate protection

(a) (b)

Figure 1. Diagrammatic representations of the distributions of dose across the left hand based on data from
thermoluminescent dosemeter studies for (a) interventional procedures using femoral access and (b) percutaneous procedures
relative to the dose recorded at the ring position on the little finger taken from [16]. In both cases the left hand is assumed to be
closest to the X-ray tube and image intensifier. Reproduced with permission from Oxford University Press.
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measures are in place for interventional operators and that
their doses are monitored to check whether protection
devices are deployed effectively. There are significant
variations in the doses recorded in different studies owing
primarily to differences in the X-ray equipment and the
techniques used, but also to practices in implementation
of protection measures. Doses to the eyes depend on the
availability and use of ceiling suspended and other
shields. Doses to the hands are influenced by the
proximity to the X-ray beam, which varies with the type
of procedure, and the legs can receive significant doses if
protective drapes attached to the X-ray couch are not
available. Information on the degree of protection offered
by different techniques is given in Table 3.

The question of what dose monitoring is appropriate
for an interventional facility is not straightforward. A
dosemeter should be worn to record body dose, but
decisions on whether a second dosemeter should be
worn at the neck and whether the hands should be
monitored are left to the judgement of the employer with
advice from the local radiation protection expert and the
operator. Ensuring compliance with dose-monitoring
requirements can be difficult. Overuse of dosemeters
can result in erratic use. The wearing of dosemeters at
incorrect positions can give doses several times lower
than the dose to the area of maximum exposure. Both
these approaches will give reassuringly low doses, but
could hide possible high exposure levels. The recom-
mended strategy is therefore to prepare risk assessments
with the aim of identifying staff members who need to be
monitored and then put effort into having systems in
place to ensure that the monitoring is done effectively.
The first requirement for the risk assessment is to decide
on the dose levels at which monitoring should be carried
out. These should be linked to the dose limits and the
likelihood of dose levels reaching three-tenths of those
limits when worker classification is required. They
should also take account of the variability in the doses
received, such as whether single high exposures could
occur from occasional complex or difficult cases. Sug-
gested monitoring arrangements for different parts of the
body linked to dose levels, together with protection
requirements, have been developed from earlier propo-
sals [16, 72] and are set out in Table 5.

However, data on staff dose levels will not be available
unless monitoring has already been performed. Indicative
dose levels could be derived from studies undertaken in
hospitals around the world, but the substantial variations
in the amounts of radiation involved in different

procedures must be recognised. The adoption of indica-
tors linked to patient dose is perhaps the best that can be
achieved. The DAP provides an ideal patient dose
quantity to use for this, since it gives a measure of the
total radiation emitted during a procedure and so is linked
closely to the amount of scatter to which operators will be
exposed [73, 74]. Data on the distribution of operator
doses per unit DAP for different parts of the body are set
out in Table 4. The mean, median, third quartile or
maximum values could all provide possible options for
predicting operator doses. If the mean or median values of
the distributions were used, then 50% would have higher
doses and some doses could be significantly greater.
Alternatively, use of the maximum dose would ensure
that the worst case was being addressed, but would be
unrealistically conservative and would rely on the validity
of the result from a single study. The third quartile reflects
the distribution of results, and errs on the side of safety in
that it should overestimate the dose in 75% of hospitals, so
it probably provides the best option on which to base any
indicators. Ratios of the third and first quartile values for
the tissue dose per unit DAP show that 50% of results are
within ranges of two to three for the eye, thyroid and
hands (Table 4). Dose indicators based on rounded values
of the third quartile results are proposed in Table 6. Use of
similar values for indicators in interventional cardiology
and radiology is recommended for simplicity. The dose
per unit DAP ratios for hand doses were 43% lower for
cardiology procedures performed using femoral access,
but ratios for the maximum skin dose per unit DAP for the
radial approach were in the range 4–9 mGy Gy21 cm22.
Use of a single value based on the result for all procedures
is considered the best compromise. A separate indicator is
proposed relating to hand doses for percutaneous
procedures based on the five sets of data reported.
These could be applied to the DAP workload to estimate
potential doses to the hands and eyes. The uncertainties
are large, but over 50% of the mean results analysed
would lie within ¡50% of the values derived using the
proposed indicators. The doses used in the analysis were
mean values from individual hospitals. There will be
greater variations among individuals. Nevertheless, the
doses could be employed in risk assessments for
determining initial control measures and for planning
dose-monitoring strategies based on the dose levels in
Table 5. Particular attention will be required for radiolo-
gists performing percutaneous procedures, since the hand
dose levels are larger, and the number of results available
in the literature was limited. However, despite the larger

Table 5. Proposed dose levels for guidance on implementation of protection and dose monitoring

Tissue Annual dose (mSv) Monthly dose (mSv) Protection/dose monitoring

Eyesa 10–20 1–2 Initial monitoring to establish dose levels
Eyesa 20–36 2–3 Regular monitoring should be considered
Eyesa .36 (45)b .3 Regular monitoring is required
Thyroid .7 .0.6 Thyroid collar recommended
Hands 30–60 2.5–5 Initial monitoring to establish dose levels
Hands 60–120 5–10 Regular monitoring should be considered
Hands .120 (150)b .10 Regular monitoring is required
Legs .50 .4 Lead/rubber shield is recommended

aMonitoring may be through second dosemeter on collar.
bThree-tenths of dose limit in brackets.
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uncertainty, doses are unlikely to be more than double the
indicator value.

More data on operator doses are available for cardiol-
ogy procedures, so another approach that could be
applied for interventional cardiology is to use indicative
doses per procedure if DAP data are not available. The
dose of 50 mSv per procedure for the eye dose [18] has
already been mentioned. Dose values for cardiology
based on the third quartile data from Table 2 are included
in Table 6, together with the numbers of procedures being
performed per month above which dose monitoring
should be considered. However, it is recommended that
dose values per unit DAP based on data in Table 6 should
be used wherever possible. Although this contains data
from a wider range of procedures, the link to DAP is an
important factor. These values can provide guidance as to
the need for dose monitoring, but they can never be a sub-
stitute if this is indicated by the risk assessment, because
of the variations that occur between individuals. Levels
of monthly workload at which monitoring might be re-
quired derived from the values are also given in Table 6.

Regular monitoring of doses to the legs is generally
impractical, but since protection can be provided more
readily, use of leg shields to maintain doses as low as
reasonably practicable (ALARP) is a better option. If the
DAP workload of an individual exceeds 400 Gy cm2 per
month, then their leg dose may be in the region of 50 mGy
per year at the level of the dose limit for a member of the
public using coefficients in Table 6 [70, 71]. Leg shields
should be in place for workloads of this size in order to
follow the ALARP principle. Protection of the thyroid is
easier to accomplish through wearing of a collar, and since
the thyroid is radiosensitive, it is prudent to apply more
stringent criteria. It is suggested that protection of the
thyroid should also be recommended for workloads over
400 Gy cm2, which would correspond to a thyroid dose of
7 mGy per year that would contribute 0.3 mSv to the
effective dose [70], which is equal to the dose constraint
applied to a member of the public in implementation of
protection measures.

The results in Table 6 indicate that the part of the body
for which additional monitoring is most likely to be
required is the hand. The need will depend on the access
route used for the procedures undertaken, but dose
assessment may be necessary for cardiologists performing
15–30 cardiology procedures per month. If eye doses
could be a problem, then dosemeters might be worn
either on a head band or at the neck on the side of the
body nearest to the X-ray tube and intensifier. A neck

dosemeter can be used for an assessment of eye dose
using Equation (3) and would also provide a second
dosemeter that could be used in calculation of E from
Equation (1). A significant factor resulting in the lower
doses found in routine dose monitoring than in studies
reported in the literature [11] is likely to be the attention
paid to the positions at which dosemeters are worn. This
can give a dose to the eye lower by a factor of 3 to 5 [27].
Therefore, it is important to ensure that dosemeters are
worn at appropriate positions when it is decided that
monitoring is required. Dosemeters should be worn
towards the side of the head or neck, or on the hand
adjacent to the X-ray tube if a meaningful result is to be
obtained. If the lower extremity is monitored, then this
should be done using a dosemeter attached to the ankle or
foot of the leg nearest to the X-ray tube.

In order to keep doses as low as practicable, protective
devices must be used effectively. Studies made over many
years have demonstrated that training of the operator in
radiation protection methods is important [74]. It should
be borne in mind that interventional operators may
receive slightly higher doses per procedure during their
training, as the periods of fluoroscopy for manipulating
catheters may be longer and they may need to stand in a
position where they have an unobstructed view of the
procedure at other times [68, 69]. Low dose monitoring
results will usually demonstrate that good protection
measures are in place, but results must be treated with
some circumspection as low results may also reflect
erratic use of dosemeters by some clinicians.

Conclusion

Dose levels are suggested at which monitoring of doses
to the eyes and hands should be carried out for inter-
ventional operators. Indicators that could be used for
estimating potential doses to the eyes, thyroid and hands
from workload data have been proposed based on third
quartile values from distributions of doses reported in the
literature. Indicators for dose per unit DAP are given to
cover all interventional procedures, and average doses per
procedure for cardiology. These can be used to assess
potential doses based on workload for application in risk
assessments to decide dose-monitoring strategies. Risk
assessments should include recommendations on positions
in which dosemeters should be worn and close attention
should be paid to ensuring staff compliance if monitoring
regimes are to provide realistic assessments of staff doses.

Table 6. Indicators for deriving dose estimates for use in risk assessments

Organ Dose/DAP
(mGy Gy21 cm22)

DAP per montha

(Gy cm2)
Dose per cardiology
procedure (mGy)

No. of cardiology
procedures per
montha

Eye 1 2000 80 25
Thyroidb 1.5 (0.2) 100
Hand (percutaneous procedures) 40 120
Hand (femoral access) 5 1000 300 16
Legb 10 (2) (40) (100)

DAP, dose–area product.
aWorkload for which dose monitoring should be considered. It is likely to be required for an individual with a workload double this value.
bDoses in brackets relate to where protection is being used.
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