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Abstract

Endoscopic retrograde cholangiopancreatography (ERCP)
is an important tool for the diagnosis and treatment
of the hepatobiliary system. The use of fluoroscopy to
aid ERCP places both the patient and the endoscopy
staff at risk of radiation-induced injury. Radiation dose
to patients during ERCP depends on many factors, and
the endoscopist cannot control some variables, such as
patient size, procedure type, or fluoroscopic equipment
used. Previous reports have demonstrated a linear rela-
tionship between radiation dose and fluoroscopy dura-
tion. When fluoroscopy is used to assist ERCP, the shor-
test fluoroscopy time possible is recommended. Pulsed
fluoroscopy and monitoring the length of fluoroscopy
have been suggested for an overall reduction in both
radiation exposure and fluoroscopy times. Fluoroscopy
time is shorter when ERCP is performed by an endo-
scopist who has many years experience of performing
ERCP and carried out a large number of ERCPs in the
preceding year. In general, radiation exposure is greater
during therapeutic ERCP than during diagnostic ERCP.
Factors associated with prolonged fluoroscopy have been
delineated recently, but these have not been validated.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP)
1s an important tool for the diagnosis and treatment of the
hepatobiliary system. Recent data indicate that ERCP is
becoming a major therapeutic strategy for biliary disease in
developed and developing countries. In the diagnosis pro-
cess, MRCP is generally preferred to ERCP. Duting the per-
formance of ERCP, a large number of X-ray fluoroscopy
and digital radiographs are performed, making it an inter-
ventional radiological (IR) procedure. ERCP is highly tech-
nical and depends on endoscopist’s experience. High quali-
ty ERCP outcomes and limitation of ERCP-related com-
plications depend on good training, The use of fluorosco-
py to aid ERCP, places both the patient and the endoscopy
staff at risk of radiation-induced injury“’zl. It is essential
to establish the appropriate conditions for radiography in
all circumstances, in order to avoid unnecessary exposure
of patients and staff to potentially harmful radiation. This
means that precautions should be taken to keep the radia-
tion dose to both the personnel participating in ERCP pro-
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cedures and to patients as low as reasonably achievable
(ALARA principle).

The identification of predictive factors of fluoroscopy
time and radiation exposure to patients undergoing ERCP
are beyond the scope of this guideline.

DEFINING RADIATION QUANTITIES

X-rays consist of ionizing radiation, such as gamma rays,
emitted by radioactive substances. They cause ionization in
the medium through which they pass. The ionization pro-
duced can lead to DNA damage or cell death. Radiation ef-
fects are broadly divided into two categories: deferministic ef-
Jects (e.g. cataract formation, infertility, skin injury, and hair
loss); and stochastic effects (cancer and genetic effects). The
harm depends on the amount of radiation absorbed by the
body, known as the radiation dose ot, simply -dose.

There are two types of expression for quantities of
radiation, those that express the concentration of radiation
at some point, or to a specific tissue or organ, and those
that express the total radiation delivered to a body.

Exposure indicators usually measured in ERCP are
absotrbed dose, as a measute of radiation concentration,
two measures of total radiation (effective dose and dose-
area product) and fluoroscopy time.

Absorbed dose is the measure used to quantify the
concentration of radiation energy actually absorbed in a
specific tissue. This is the measure that is most directly rela-
ted to biological effects. Dose values can be in the tradi-
tional unit of the rad or the SI unit of the gray (Gy).

Effective dose is a very useful radiation quantity for
expressing relative risk to humans, both patients and other
personnel. It is actually a simple and very logical concept,
and is expressed as joules per kilogram (] kg-1), expressed
in the SI unit of the sievert (Sv). For the purpose of de-
termining effective dose, the different areas and organs
have been assigned tissue weighting factor (wr) values. It
is generally assumed that the exposure to natural back-
ground radiation is somewhat uniformly distributed over
the body. Since the tissue Wr for the total body has the
value of one (1), the effective dose is equal to the ab-
sorbed dose.

Effective dose (Sv)= Absorbed dose (Gy) X Wr (1)

Dose-area product (DAP) provides a good estimation
of the total radiation energy delivered to a patient during
a procedure and is strongly correlated to the fluoroscopy
time. It is the most practical measure for monitoring the
radiation delivered to patients. DAP is just the product of
the air kerma ,in Gy or mGy, and the exposed area in cm”
(Gy-cm”)(Figure 1).

RADIATION DOSE MONITORING IN ERCP

Radiation dose monitoring in patients undergoing diagno-
stic or IR procedures has been widely adopted in clinical
practice, but data on patient doses during ERCP ate very
scarce””,

Gastroenterologists who are involved in ERCP proce-
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‘ Fluoroscopic and/or x-ray equipment ‘

Radiation quantities ﬁ
Concentration Total radiation

Fluoroscopy time Efective dose (Sv)
Absorbed dose (Gy) ‘ Dose-area product (Gy-cm?) ‘

Figure 1 Radiation quantities used in endoscopic retrograde cholangiopan-
creatography

dures may work at specialized centres and may perform
multiple procedures daily. In all circumstances in which
fluoroscopic and/or x-ray equipment is used, gastroen-
terologists should minimize the risks to patients, them-
selves, and other members of the staff™*". The amount
of radiation currently being used by endoscopist is rela-
tively small, effective doses of 0-3 mSv/yeat, in compati-
son with interventional radiologists and interventional cat-
diologists". When physician doses were serially measured,
endoscopists was found to be exposed to larger amounts of
radiation than their assistants because the endoscopist was
typically closer to the x-ray sources’). The dose limit that
is recommended by the International Commission on Ra-
diological Protection (ICRP) and adopted by most coun-
tries is 20 mSv/ yearm. For situations where the annual
dose limit exceeds 20 mSy, it is recommended that the
dose should not exceed 50 mSv in any particular year or
100 mSv over 5 years. This dose limit is based on the cal-
culation of radiation risk over a full working life from the
age of 18 years to 65 years (47 years) at the rate of 20 mSv
per year, amounting to 20 X 47 = 940 mSv (approximately
1 Sv). Epidemiologic research has estimated a 10% increase
in cancer risk with a lifetime occupational exposure of 1
SV An occupational exposure of 1 Sv of radiation is pro-
bably significantly greater than the true effective dose that
would be accumulated by an endoscopist with radiation
exposure solely from ERCP. Despite the relatively low risk
of radiation-induced injury, endoscopists should be aware
that all exposure carries a cumulative risk"". Additionally,
tracking the radiation dose can be difficult because almost
50% of endoscopist performing ERCPs never wear a do-
simeter!”. For the patient, the soutrce of exposure is the
direct beam from the x-ray tube. It is estimated that patients
receive about 2-16 min of fluoroscopy during ERCP, with
therapeutic procedures taking significantly longerm]. Stu-
dies have found that DAP values of approximately 13-66
Gy/cm” are used during ERCP, with effective doses ran-
ging from 2 to 6 mSv per procedure "

FACTORS ASSOCIATED WITH
RADIATION

Radiation dose to patients during ERCP depends on many
factors'", and the endoscopist cannot control some varia-
bles, such as patient size, procedure type, or fluoroscopic
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equipment used.

During ERCP, the positioning of catheters and guide
wires is verified fluoroscopically. Once contrast injections
have been given, fluoroscopy is used to evaluate the ana-
tomy of the ductal systems of both the biliary tree and pan-
creas and to help assess whether disease is present. Photo-
graphic documentation is usually obtained to record the fin-
dings by capturing the last fluoroscopic image, spot image,
or image sequence, depending on the available features of
the equipment used. Finally, fluoroscopy is also needed to
assist with therapy in, for example, sphincterotomy, stone
extraction, biopsy or cytology, and stent placement. Addi-
tional devices that allow direct visualization of the ductal
anatomy may ultimately reduce the need for fluoroscopy.

Previous reports have demonstrated a linear relation-
ship between radiation dose and fluoroscopy duration>*"7,
When fluoroscopy is used to assist ERCP, the shortest
fluoroscopy time possible is recommended'" .

Monitoring the length of fluoroscopy has been recom-
mended as part of an overall reduction in both radiation
exposure and fluoroscopy times'"”, Factors associated with
prolonged fluoroscopy duration have been delineated re-
cently"", but have not been validated.

In order to determine what factors influence fluoro-
scopy time, several aspects should be considered.

Pulsed fluoroscopy

Some factors, such as the type of equipment (fixed units
vs portable C-arm units) have been shown to reduce radia-
tion dose but are unfortunately not easily implementedm.
The radiation beam can be adjusted to use the lowest effe-
ctive voltage required to a produce clinically useful image,
and shielding of patients and staff with either permanent
(walls or barriers) or portable (drapes, aprons) mechanisms
has also been shown to reduce exposure effectively”.

A specific intervention directed at decreasing radiation
exposure involves the use of intermittent or pulsed fluo-
roscopy that substantially reduces the radiation dose with-
out sacrificing image qualitym. Time-limited fluoroscopy,
in which x-ray exposure was limited to a set period each
time that the foot- operated switch is depressed, led to de-
creased fluoroscopy duration in a prospective study". In
addition, alarms that indicate prolonged fluoroscopy time
could potentially reduce radiation by increased awareness
during the procedure.

More modern equipment incorporates features such
as pulsed fluoroscopy, whereby the x-ray beam is turned
on and off at a fixed rate (eg, at 4, 8, or 15 pulses per se-
cond), significantly reducing exposure compared with an

. 18
x-ray beam used continuously™"”.

Patient positions: supine and prone

ERCP is traditionally performed with the patient in the
prone position as this is considered optimal for cannulation
of the papilla, for obtaining high-quality radiographic
images and for the prevention of pulmonary aspiration.
Patients who cannot tolerate the prone position for ERCP
are often placed in the left lateral decubitus or supine posi-
tions. However, the supine position allows improved fluo-

K

3ni§l:ﬂ£ng® WJGE | www.wjgnet.com

roscopic visualization, especially when rotatable fluorosco-
pic equipment (eg, C-Arm) is not available"”. Tn addition,
the supine position sometimes allows superior visualiza-
tion of hilar anatomy[zm. Nonetheless, little data exist regar-
ding performance of ERCP with the patient in the supine
position. In one randomized trial of patients undergoing
ERCP in the prone and supine positions, there were signi-
ficantly more failures and a significantly higher number of
adverse cardio-respiratory events in the supine group when
they were not endotracheally intubated”'. In another
retrospective study of 649 patients undergoing ERCP by
a single endoscopist, success and complication rates were
similar for supine and prone patients (90.2% and 11.2%
for supine and 92.5% and 9.1%for prone, respectively),
although the degree of procedural difficulty was signifi-
cantly higher in the supine group™”.

Endoscopist experience

Both cumulative years of performing ERCP and ERCP
volume in the preceding year have been independently
associated with shorter fluoroscopy exposure.Currently,
there are insufficient data to support the use of fluoro-
scopy time as a surrogate end point for competency, even
though this is an easily measureable and comparable varia-
ble. Fluoroscopy time is shorter when ERCP is performed
by endoscopist with many years of performing ERCP and
a large number of ERCPs in the preceding year' ! In inter-
ventional radiology, increased levels of physician training
have been found to correlate with decreases in patient
radiation exposure during fluoroscopic procedures™. Ura-
domo ¢t a* showed that radiation exposure during ERCP
was directly related to the experience of trainees. Further-
more, as GI fellows accumulate ERCP experience, the
amount of time that patients are exposed to fluoroscopy,
and thus radiation exposure, is decreased. Jowell ef al™
assessed the ability of GI fellows to competently complete
specific technical component of ERCP. They found that
between 180 and 200 ERCPs were required for the trainees
to consistently complete these procedures. The median
fluoroscopy duration decreased by almost 3 min during
cases performed by GI fellows with experience of more
than 50 previous ERCPs'"". The lack of correlation of
fluoroscopy time and endoscopist experience, reported in
another study, may actually reflect case complexity because
the more difficult and refractory cases were clearly refer-

. . 1
red to the more senior endoscopist" .

Technical considerations

In general, radiation exposure is greater during therapeutic
ERCP than during diagnostic ERCP™"?! 1n a recent pro-
spective study"", the procedure variables that significantly
increased fluoroscopy duration were stent insertion, litho-
tripsy, use of a needle-knife, biopsies, the use of a guide
wite or additional wites other than the standard, and use
of a balloon catheter.

The factors found to extend the length of the pro-
cedure and increase fluoroscopy duration probably relate
to differences in case complexity. Stent insertion may pro-
long fluoroscopy duration because this procedure requires
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fluoroscopy to confirm proper placement”. The use of a
lithotripter is associated with a significant increase in fluo-
roscopy duration because this device is often used for dif-
ficult stone extractions. A needle-knife is usually used for
second-line access techniques when conventional methods
have failed and is often associated with long procedures.
Guide wires used during ERCP are associated with longer
fluoroscopy. The use of an “other wire” is associated with
one of the greatest increases in fluoroscopy duration and is
probably associated with difficult access/cannulation dut-
ing procedures where there have been multiple previous
attempts using more conventional guide wires. Finally, the
use of the balloon catheter is often followed by a balloon
cholangiogram, requiring more fluoroscopy time.

PERSONAL PROTECTION AND
RADIATION SAFETY

A person’s biological risk is measured by using the con-
ventional unit rem (radiation equivalents in man) or the
SI unit equivalent called the sievert, where 1 Sv = 100
rem. Estimates of radiation exposure to endoscopy staff
vary, but it should be noted that radiation exposure is
cumulative over time. In a recent study, the estimated an-
nual whole-body effective dose equivalent received by the
endoscopist ranged between 3.35 and 5.87 mSv™. The
ICRP has classified radiation exposure as low (< 3 mSv
per year), moderate (3-20 mSv per year), or high (> 20-50
mSv per year).

The primary source of radiation to endoscopy per-
sonnel is radiation scattered from the patient, not the
primary x-ray beam. Positioning staff as far away from
the patient as possible is essential in limiting exposure.
If an endoscopy staff member is standing 1 m from
the patient, the radiation exposure for that individual is
1/1000 the patient’s exposure.

Shielding is required for all staff in the fluoroscopy
unit. Aprons containing lead shielding 0.5 mm thick ate
standard in most fluoroscopy units and block more than
90% of scattered radiation”, Average effective doses
of about 0.07 mSv per procedure have been observed
for endoscopists wearing a lead apron. Although the
endoscopist’s body is well protected by a lead apron,
there can also be substantial doses to unshielded parts.
Average doses to the eyes in the range of 0.1-1.7 mGy
pet procedure and doses of about 0.5 mGy to the hands
have been reportedm. Optically clear lead glasses can
reduce the operator’s eye exposure by 85% to 90%. There
are no mandatory requirements for either thyroid shields
or leaded glasses, although many have recommend that
thyroid shields should be used routinely and leaded glasses
should be used by individuals with high case loads'".

SPECIAL CIRCUMSTANCIES:
PREGNANCY

During pregnancy, the most common indication for ERCP
is treatment of choledocholitiasis. The incidence of gall-
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stone disease during pregnancy has been estimated to be
between 4.5% and 12%"". Patients usually require imme-
diate intervention because of potentially life-threatening
cholangitis or gallstone pancreatitis.

When a pregnant patient requires ERCP for therapy,
the procedure should be optimized by strict adherence to
good technique. In addition, if there is a possibility that the
primary x-ray beam may intercept the fetus, placing a lead
apron between the x-ray source and the fetus is effective.
However, a lead apron placed externally is ineffective for
protection of the fetus from exposure to radiation that is
scattered inside the patient’s body. The patient’s position
(supine, prone, or lateral) should be adjusted to minimize
fetal exposure. A poster anterior projection of the x-ray
beam is recommended, as this results in a fetal dose that is
20%-30% lower than in the anteroposterior projection due
to increased shielding from the mother’s tissues™. The
lateral projection also provides increased fetal shielding,
but the patient’s entrance dose rate may be three to seven
times higher in comparison with a frontal projection. As a
result, the lateral projection results in a higher fetal dose™.

Intraductal ultrasound can be used instead of fluoro-
scopy to check for bile duct stones and to place guide a wire
for a biliary stent. An alternative technique, avoiding radia-
tion exposure completely, involves conducting ERCP with-
out fluoroscopy, using wire-guided cannulation. Chole-
dochoscopy can be used to confirm stone clearance. How-
ever, this approach is technically challenging and has only
been used by very experienced biliary endoscopists. Fur-
ther studies are required to prove that the clinical efficien-
cy of radiation-free ERCP remains at the same level as
that of conventional fluoroscopically guided ERCP™.

CONCLUSION

The use of fluoroscopy to aid ERCP, places both the pa-
tient and the endoscopy staff at risk of radiation-induced
injury. ERCP is highly technical and depends on the endos-
copist’s experience. Radiation dose to patients during ER-
CP depends on many factors, and the endoscopist cannot
control some variables, such as patient size, procedute type,

ot fluoroscopic equipment used. Previous reports have
demonstrated a linear relationship between radiation dose
and fluoroscopy duration. When fluoroscopy is used to
assist ERCP, the shortest fluoroscopy time possible is
recommended. Factors associated with prolonged fluoro-
scopy duration have been delineated recently, but these
have not been validated.
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