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Objective: Endoscopic retrograde cholan-
giopancreatography (ERCP) is a common
procedure that combines the use of X-ray
fluoroscopy and endoscopy for examination
of the bile duct. Published data on ERCP
doses are limited, including staff eye dose
from ERCP. Occupational eye doses are of
particular interest now as the International
Commission on Radiological Protection (ICRP)
has recommended a reduction in the dose
limit to the lens of the eye. The aim of this
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study was to measure occupational eye doses
obtained from ERCP procedures.

Methods: A new eye lens dosemeter (EYE-D™,
Radcard, Krakow, Poland) was used to measure
the ERCP eye dose, Hp(3), at two endoscopy
departments in Ireland. A review of radiation
protection practice at the two facilities was
also carried out.
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Results: The mean equivalent dose to the lens
of the eye of a gastroenterologist is 0.01mSv
per ERCP procedure with an undercouch
X-ray tube and 0.09 mSv per ERCP procedure
with an overcouch X-ray tube. Staff eye dose
normalised to patient kerma area product is
also presented.

Conclusion: Staff eye doses in ERCP have the
potential to exceed the revised ICRP limit of
20 mSv per annum when an overcouch X-ray

Endoscopic retrograde cholangiopancreatography (ERCP)
is a common interventional radiology (IR) procedure
that is used for examination of the pancreatic duct and
bile ducts. ERCP was initially used as a purely di-
agnostic procedure; however, over the last two deca-
des, therapeutic applications have been developed [1,
2]. Therapeutic procedures typically require longer
fluoroscopy times (than diagnostic procedures) and
result in a higher radiation dose [3]. During inter-
ventional ERCP procedures, fluoroscopic and radio-
graphic images are taken, with staff positioned near
the patient [4]. This arrangement, as for all IR pro-
cedures, will constitute a radiation risk to endoscopic
staff in the vicinity of the patient.

Radiation dose from ERCP

In comparison with other IR/interventional cardiology
(IC) procedures, data on staff doses from ERCP are
limited and, where they exist, dose estimates vary greatly
[1, 3, 5, 6]. Recent publications on extremity and eye
doses from ERCP have shown that there is potential for
high staff doses, particularly if the X-ray tube is posi-
tioned over the operating table (overcouch) [3, 5, 7, 8].

Use of radiation outside the

radiology department

ERCP procedures are carried out by a gastroenterologist
(GE) and may be performed outside the radiology de-
partment (e.g. operating theatre or endoscopic suite)
[9]. It is a requirement of the Euratom 97/43 direc-
tive [10] that staff performing the practical aspects
of a medical exposure should have received adequate
training in radiation protection. However, the GE may
not have had in-depth training in radiation manage-
ment using diverse forms of fluoroscopic equipment
nor in the potential harmful effects to patients and staff
1,2, 11].

tube is used. The EYE-D dosemeter was found
to be a convenient method for measuring lens
dose. Eye doses in areas outside of radiology
departments should be kept under review,
particularly in light of the new ICRP eye dose
limit.

Advances in knowledge: Occupational eye
lens doses from ERCP procedures have been
established using a new commercially avail-
able dedicated H,(3) dosemeter.

Revised ICRP dose limit

In April 2011, the International Commission on Ra-
diological Protection (ICRP) published a statement on
tissue reactions [12]. For the lens of the eye, the
threshold in absorbed dose for tissue reaction effects
(radiation-induced cataracts) is now considered to be
0.5 Gy. Based on this new threshold, the ICRP has rec-
ommended an equivalent dose limit for the lens of the
eye of 20 mSv (with scope to average over defined peri-
ods of 5 years). This is a considerable reduction from
the previous equivalent dose limit of 150 mSv [13].
While the need for improved eye lens dosimetry has
been acknowledged, there has been much commentary
regarding the practical implications of this new limit
for medical radiation protection [14-18].

Measurement of staff eye lens doses

The ICRU operational quantity Hy(3) is used to
monitor dose to the lens of the eye [19]. However, in
practice, H,(3) is not measured and estimates based on
the ICRU operational quantity H,(0.07) are often used
[20]. The need for reliable determination of eye doses
was investigated by the European Union (EU) Opti-
mization of Radiation protection for Medical staff
(ORAMED) project [21], which concluded that specific
conversion coefficients for eye lens dosimetry were not
available. The ORAMED project team went on to de-
velop these conversion coefficients along with proposals
for calibration conditions and the first dosemeter
dedicated to measuring H,(3) [18, 22, 23].

Based on (1) the lack of data on staff doses from ERCP
procedures, (2) the need for more radiation protection
focus on areas outside the radiology department, (3)
the revised ICRP eye dose limit and (iv) the availability
of a new H,(3) dosemeter, this study was undertaken to
investigate these issues. The primary aim was to obtain an
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accurate measure of occupational H,,(3) eye doses during
ERCP procedures and to assess these data in the context
of the revised ICRP lens limit. Along with the measure-
ment of eye doses, a review of radiation protection
arrangements at two ERCP facilities was carried out.

METHODS AND MATERIALS

Occupational eye doses from ERCP procedures at two
endoscopy departments in Ireland were measured over
a 6-week period during June and July 2011.

Clinical settings and room shielding

Two acute public hospitals were asked to participate
in the study. Both hospitals have an ERCP workload
of approximately 130 cases per GE per year, which is
comparable to published values [1, 3]. The two hos-
pitals, however, have quite different ERCP facilities.

Hospital A is an academic teaching hospital with a large
dedicated X-ray room within the endoscopy depart-
ment. The X-ray room is equipped with a fixed image-
intensifier (II)-TV fluoroscopy X-ray system with an
undercouch X-ray tube (Mecall Mecascope; Mecall SRL,
Lissone, Italy). This hospital is a national tertiary referral
centre for ECRP in Ireland. The size of the X-ray room
(36 m®) is reasonably similar to recommended guide-
lines (for specialised radiology rooms, a range spanning
from 38 m? to 50 m? has been recommended) [24, 25].
There is a ceiling-mounted lead glass screen that is
usually (but not always) positioned in front of the GE.
There are also lead drapes in front of the II-TV fluo-
roscopy X-ray system and tableside lead shields. The
radiographer stands behind a fixed protective lead glass
screen, which is sufficiently large to accommodate two or
three people.

Hospital B is a large regional academic hospital. It is an
ERCP referral centre for the region. The room used for
ERCP cases in Hospital B is a small lead-lined pro-
cedure room, which is also used for other endoscopy
procedures and is not solely dedicated to X-ray use. A
mobile C-arm II-TV fluoroscopy system (OEC Flexi-
view 8800™%: GE Healthcare, Chalfont St Giles, UK) is
brought into the room for ERCP cases. The size of the
room is very restrictive (16.75 m?). There is no fixed or
mobile lead glass screen for staff protection; how-
ever, the radiographer is able to stand a reasonable
distance back from the patient table and use the foot
pedal to operate the fluoroscopy system. There is no

ceiling-mounted screen present in this room. A lead
skirt is fitted to the patient trolley for lower limb
protection. It was intended that the C-arm would be
used with undercouch geometry; however, the X-ray
tube on this system is used overcouch.

The X-ray systems in both hospitals had recently un-
dergone routine quality assurance testing and were
operating satisfactorily based on recommended EU/UK
standards.

Personal protective equipment and

personal monitoring

All ERCP staff included in this study wore personal
protective equipment (PPE) in the form of lead aprons
(0.25-0.5mm lead equivalence) and a thyroid collar
(0.5 mm lead equivalence). None of the staff wore lead
glasses. Personal monitoring with whole-body thermo-
luminescent dosemeters (TLDs) has already been carried
out in accordance with legal requirements in Ireland
[26]. The staff in Hospital A are issued with two
dosemeters, one to be worn on the trunk under the lead
apron and one to be worn at the neck level unprotected
(outside the thyroid collar). The staff in Hospital B are
issued with one dosemeter to be worn on the trunk
under the lead apron.

EYE-D dosemeter specifications

In addition to the personal monitoring already in
place, a new dedicated eye lens dosemeter (EYE-D™)
was issued to the staff participating in this study. The
EYE-D was developed as part of the EU ORAMED
project, specifically to measure eye lens dose or Hy(3)
[22]. It was designed and manufactured by RADCARD
(Krakow, Poland) and is commercially available. The
EYE-D unit consists of a TLD pellet (MCP-N, LiF:Mg,
Cu, P), a plastic capsule and an adjustable headband.
The dosemeter is sensitive to low doses (specified
range: 10 wSv—10 Sv). It has a satisfactory photon en-
ergy response and angular response (within 20%,
30keV-1.3MeV). The ORAMED partners have stated
that it fulfils all requirements for its application in IR
[22].

Calibration and readout

The supply, calibration and readout of the EYE-D dose-
meters were provided by the laboratory at RADCARD
and arranged via their distributor, RadPro International
GmbH (Wermelskirchen, Germany). 20 dosemeters
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were purchased for staff measurements, and an addi-
tional 10 dosemeters were purchased for use as reference
dosemeters (to remain unirradiated). All 30 dosemeters
were calibrated at the RADCARD laboratory in Poland
before use. They were calibrated using an ICRU slab
phantom (30x30x15cm) with Cs-137. Ideally the
dosemeters would have been calibrated using the newly
developed cylindrical phantom, which is more repre-
sentative of the head [18, 23].

Following the 6-week measurement period, all dose-
meters (including reference dosemeters) were returned
to RADCARD in Poland to be read out.

Eye dose protocol

Several ERCP cases were observed by the authors at
both Hospital A and B. The position of staff (within the
X-ray room) in both hospitals was comparable, and the
typical arrangement with approximate distances from
the patient can be seen in Figure 1. For all ERCP cases,
the patient remains in a recumbent left-lateral position.
It was clear that the EYE-D should be worn at the outer
edge of the left eye, as this side of the GE is closest to
the patient and should receive the worst-case eye dose.
The nurses were advised to wear the dosemeter close to
their left eye also for consistency, but it should be noted

Figure 1. Sketch of typical staff positions during endo-
scopic retrograde cholangiopancreatography proce-
dures (GE, gastroenterologist; N1, nurse assisting the
GE; N2, nurse assisting the patient).

4 ~100cm
|'{’_Nh\‘|
\RH—’(.‘
7
WE ~50cm

that the nurses move around during the procedure and
do not remain in one fixed position.

Sample size of staff

In Hospital A, there are five consultant GEs and five
registrar doctors in training who perform all the
ERCPs. In Hospital B, there are two consultant GEs
who perform all the ERCPs. All GEs (n=12) were
issued with their own unique EYE-D dosemeter, and
the ID number of their dosemeter was recorded for
tracking purposes.

In both hospitals, there are a large number of nursing
staff who rotate their duties in the ERCP room. A sig-
nificant number of dosemeters would have been re-
quired to provide individual monitoring of nursing
staff. It was also possible that, owing to the rotation of
duties, the dose recorded would have been negligible.
Therefore, nursing staff were assigned a dosemeter to
wear based on whether they were assisting the GE
(Nurse 1) or assisting the patient (Nurse 2). These two
nursing roles were assigned a dosemeter in both Hos-
pital A (n=2) and Hospital B (n=2). Again the unique
ID number of these dosemeters was recorded.

Five reference dosemeters were left (unirradiated) at
each hospital (n=10). Prior to the start of each ERCP
case, the radiographer/nurse in charge issued the
EYE-D dosemeters to the relevant staff. A cumulative
dose reading over the 6-week measurement period was
obtained.

Patient dosimetry

The focus of this study was occupational eye lens do-
simetry. Nonetheless, as staff exposure is strongly cor-
related with patient exposure, a record of kerma area
product (KAP) (Gycmz) and fluoroscopy screening
time (s) was obtained for each examination. A dis-
tinction was not made in this study between diagnostic
and therapeutic examinations. Both sets of X-ray
equipment used have KAP meters installed at the
X-ray tube housing. The accuracy of the KAP
meters was confirmed to be within the recommended
tolerance [27].

RESULTS

Radiation protection measures that are in place in the
two ERCP facilities are shown in Table 1. This in-
formation was used in conjunction with the results of
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Table 1. Radiation protection arrangements at two endoscopic retrograde cholangiopancreatography facilities

Hospital A

Hospital B

Fixed X-ray system

Mobile C-arm X-ray system

Undercouch X-ray tube

Overcouch X-ray tube

Ceiling-mounted lead glass screen

No ceiling-mounted lead glass screen

Tableside lead shielding

Tableside lead shielding

Lead aprons worn

Lead aprons worn

Lead thyroid collars worn

Lead thyroid collars worn

No lead glasses

No lead glasses

Fixed protective lead screen for radiographer

No protective lead screen for radiographer

Large dedicated X-ray room (36 m®)

Very small room (16.75m?)

Two TLDs (one under apron and one outside thyroid collar)

Single TLD (under apron)

TLD, thermoluminescent dosemeter.

eye lens dosimetry to assess the radiation risk to staff
carrying out ERCP procedures.

Occupational H,(3) dose from ERCP

The results of monitoring with the EYE-D dosemeter
are shown in Table 2. At Hospital A, 48 ERCP proce-
dures in total were monitored. 10 GEs were issued with
dosemeters; however, at the end of the 6-week moni-
toring period, it was confirmed that only 7 GEs wore
the EYE-D dosemeter for ERCP cases. The dosemeters
belonging to the remaining three GEs were returned
from RADCARD with a zero dose reading, and these
were excluded from further data analysis. In some
ERCP cases at Hospital A, two GEs were present, and
the role of primary operator would rotate between the
two GE:s as dictated by training needs. At Hospital B, 14
ERCP procedures in total were monitored. Two GEs
were issued with EYE-D dosemeters, and both wore
them for seven cases each.

The results for Nurse 1 and Nurse 2 at both hospitals
are also shown in Table 2. The 48 cases in Hospital A
were performed with a rotation of 15 different nurses.
The 14 cases in Hospital B were performed with a ro-
tation of 7 different nurses. As only one dosemeter was
assigned for the role of Nurse 1 and Nurse 2, a single
result was obtained and no range is presented in
Table 2. Overall, the dose to the nursing staff is less than
the GE. This is to be expected owing to the increased
distance from the patient and the fact that the nurses
typically move around the room during the procedure.
It is useful to note that the dose to Nurse 1 is comparable

to that to Nurse 2. This shows that the staff member in
the role of Nurse 2 (who is required at the patient’s head)
does not receive a significantly different dose from the
nurse who is assisting the doctor.

It can be seen from the results that the mean eye dose
per ERCP is significantly higher in Hospital B (over-
couch X-ray tube) than in Hospital A (undercouch
X-ray tube and ceiling-mounted screen). The estimated
equivalent dose to the eye of a GE working with an
overcouch X-ray tube is 11.7 mSv per annum (based on
a typical workload of 130 cases per GE per year). In
comparison, for the same workload, using a ceiling-
mounted shield and with the X-ray tube undercouch,
the estimated equivalent dose to the eye of a GE is
1.3 mSv per annum.

Patient KAP from ERCP

The patient KAP per ERCP at Hospital A was measured
to be 14.5Gycm’ (mean) and 19.6Gycm® (third
quartile) (patient size not recorded, both diagnostic and
therapeutic cases, n=48). The third quartile result is just
above the UK diagnostic reference level of 16.7 Gycm®
[28]. In comparison, the patient KAP per ERCP at
Hospital B was measured to be 5.4 Gy cm? (mean) and
7.9 Gycm2 (third quartile) (patient size not recorded,
both diagnostic and therapeutic cases, n=14).

The mean fluoroscopy screening time was 225s (Hos-
pital A) and 87s (Hospital B). The difference in patient
KAP and screening time between the two hospitals may
be partly attributable to the difference in patient referrals
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Table 2. Results of equivalent dose to the lens of the eye per endoscopic retrograde cholangiopancreatography

(ERCP) procedure

Mean equivalent dose Range of equivalent Number of monitored Annual® equivalent
Staff to left eye H(3) per dose to left eye H,(3) staff (n;) and the dose to left eye, H,(3)
ERCP (mSv) per ERCP (mSv) number of cases (1,) (mSv)
Hospital A
n1:7
GE 0.01 0.01-0.03 1.3
n2:48
nm=1
Nurse <0.01° - 1 <1.3"
1 n,=48
n=1
Nurse <0.01° - 1 <1.3"
2 1n,=48
Hospital B
n1:2
GE 0.09 0.09-0.10 11.7
n,=14
n =1
Nurse 0.02 — : 2.6
1 n,=14
n =1
Nurse 0.03 o ! 3.9
2 n,=14

GE, gastroenterologist.

Annual doses based on a typical workload of 130 cases per year.

bResults limited by sensitivity of the dosemeter (10 wSv).

to each centre. However, further work on patient dose
would be required to fully investigate other factors such
as the skill of the operator, the percentage of teaching/
training cases and the clinical protocols used.

Normalised dose data, Hy(3) per unit KAP

The patient dose data were used to normalise the staff
dose results by KAP as shown in Table 3. An esti-
mation of Hy(3)/KAP (mSv/Gy cm®) was calculated
for four GEs. The eye dose for two GEs from Hospital

A was used, as they recorded the largest H,(3) result
and carried out the greatest number of ERCP cases
(n=20). Their individual cumulative H,(3) result
was divided by the total patient KAP that they were
exposed to during the monitoring period. It is likely
that this is an overestimation of the total patient KAP
as, for some procedures, both these GEs were present
in the X-ray room, and it has been assumed that they
were both exposed equally to the measured patient
KAP.

Table 3. Results of occupational eye dose normalised by patient kerma area product (KAP)

Staff Total eq“‘g‘:g‘)t &Z;i)“’ left eye, Patient KAP (Gy cm?) H,(3)/KAP (mSv/Gy cm?)
Hospital A

GE A.1 0.53 370.85 1.43x10°

GE A2 0.38 386.72 0.98x10
Hospital B

GE B.1 0.67 46.1 14.5x107°

GE B.2 0.62 29.3 21.2x10°°

GE, gastroenterologist.
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The results for the two GEs in Hospital A were com-
pared with the normalised H,(3)/KAP values for the
two GEs in Hospital B. The results show that although
the patient KAP per procedure is approximately three
times higher in Hospital A, when this is taken into ac-
count, the eye dose H,(3) per unit KAP is much lower
than in Hospital B (by a factor of between 10 and 20).

DISCUSSION

The results obtained from this study highlight the po-
tential for staff to receive high eye lens doses in areas
outside of the “typical” IR/IC setting, for example in
gastroenterology departments. Staff in gastroenterology
settings should be aware that key factors in reducing eye
doses are (1) positioning the X-ray tube under the pa-
tient table and (2) installing and using ceiling-mounted
screens. This approach is already well established in IR,
and the results of this study further confirm the dose
reductions that can be achieved.

Although it can be seen that overall the dose to assisting
nurses is considerably lower than the dose to the GE,
it is interesting to note that the nurses in Hospital B
(overcouch) recorded higher doses than the GE in
Hospital A. The actual dose to one individual nurse will,
however, be much less owing to rotation of duties;
nonetheless, the results show that there is scope to im-
prove practice.

Patient dose (KAP) was recorded as part of this study.
The results show that the staff eye dose per ERCP in
Hospital B is higher than in Hospital A. However, the
patient KAP per procedure is much lower in Hospital B.
The eye doses in Hospital B (overcouch X-ray tube)
could be considerably higher if the KAP per patient
increased, owing to more complex ERCP cases or less
experienced operators/trainee GEs.

The review of radiation protection practice at both
hospitals identified opportunities for further optimisa-
tion of eye doses. It was clear from the radiation risk
assessment and the dose recorded at Hospital B that
follow-up was required. The main recommendations
for this hospital were to (1) position the X-ray tube
undercouch, (2) install a ceiling-mounted lead glass
screen and (3) issue ERCP staff with a second TLD to be
worn unprotected at the neck level to give an indication
of eye dose. Also, although it does not pose an imme-
diate risk, the size of the room is restrictive. Staff were

reminded to increase their distance from the patient as
much as possible without compromising clinical care.

Issues with personal monitoring compliance have also
been highlighted. ERCP staff in Hospital A are already
issued with a second TLD to be worn at the neck. This
arrangement has been in place since the ERCP suite was
first opened several years ago; however, the second TLD
is not worn consistently by all staff. 30% of the GEs in
Hospital A did not wear the EYE-D dosemeter that had
been issued to them for this study. It is hoped that this
work will raise awareness of the importance of wearing
personal dosemeters and using PPE in the IR room,
particularly because of new evidence regarding the
lower threshold for eye damage.

Some limitations of the study are acknowledged. The
period of monitoring was relatively short at 6 weeks
and the number of cases monitored was low (particu-
larly for Hospital B). The number of staff monitored
was also relatively small but did encompass all the
relevant GEs at both hospitals. The calibration phantom
used by RADCARD for this study was a slab phantom,
and a more accurate approach would be to use the
newly designed cylindrical head-shaped phantom de-
veloped at Institut CEA-LIST, Gif sur Yvette, France [23].

CONCLUSIONS

Occupational eye doses from ERCP procedures may
have the potential to exceed the new ICRP equivalent
dose limit of 20 mSv per annum, particularly with the
use of an overcouch X-ray tube. With the equipment in
this configuration, a GE may also exceed the proposed
threshold for Category A workers of 15mSv to the lens
of the eye. The EYE-D dosemeter was found to be a
convenient method for measuring eye dose in terms of
Hp(3), and it should have applications in other high-
dose IR areas.

There is scope to improve radiation protection aware-
ness in areas such as gastroenterology. Radiation risk
assessments should establish the clinical configuration
of the X-ray equipment (i.e. the X-ray tube used pre-
dominantly overcouch or undercouch), particularly for
mobile systems used outside of radiology. In line with
the established practice for IR/IC, the X-ray tube in
ERCP should be undercouch and ceiling-mounted lead
glass screens should be used. This has been partly
achieved in Hospital B, where the X-ray tube is now
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positioned undercouch. Consideration should be given
to the use of lead glasses by the primary operator. Lead
glasses may also be advised for nurses who must remain
close to the patient but who are not protected by the
ceiling-mounted screen.

Compliance with dose monitoring was an issue, even
during the short period of time required for this
study. This is likely to persist, which will make it
difficult to obtain good baseline data on eye doses in
advance of the new ICRP limit being adopted into
legislation and to assess compliance with the limit
once it is introduced.

Future work will include carrying out repeat eye dose
measurements with the new equipment configuration.
Eye doses in areas outside of radiology should be kept
under review, particularly in light of the new ICRP eye
dose limit.
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