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Fluoroscopy is an integral part of the practice of
interventional pain management in present day modern
medical practices. The major purpose of fluoroscopy in
interventional pain management is correct needle placement
to ensure target specificity and accurate delivery of the
injectate.  Fluoroscopy has become mandatory for multiple
procedures based either on the definition of the procedure
or the requirement of third parties.  The most commonly
used fluoroscopy in interventional pain management is with
C-arm fluoroscopes with image intensification.
Fluoroscopy is associated with risk for patients, clinicians,
and the personnel in the operating room unless it is managed
with appropriate understanding, skill, and vigilance.

A total of 1,000 consecutive patients undergoing
interventional procedures with chronic pain performed by
one physician were studied.  Two fluoroscopy units were
utilized and operated by two certified radiological
technologists.  The procedures performed included caudal
and interlaminar epidural injections, facet joint nerve

blocks, percutaneous adhesiolysis, intercostal nerve blocks,
sympathetic blocks, transforaminal epidural injections, along
with other procedures.  Results showed that a total of 1,000
patients underwent 1,729 procedures with average radiation
exposure of 13.2 ± 0.33 seconds per patient and 7.7 ± 0.21
seconds per procedure.  Dosimetry measurements showed
total exposure of 1,345 mREM outside the apron and 0
mREM inside the apron during this period.  The average
exposure outside the apron was 1.345 mREM per patient
and 0.748 mREM per procedure outside the apron and 0
mREM inside the apron.  The levels of exposure are
significantly below the annual limits recommended.  It is
concluded that it is feasible to perform all procedures under
fluoroscopy in the described setting safely and effectively
in interventional pain management.
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Fluoroscopy has been an integral part of the practice of
diagnostic radiology since the early twentieth century.
There has been an explosion in the use of fluoroscopic
modalities across all disciplines of medicine in recent years.
The discipline of interventional pain management is no
exception to this trend.  While the previous experience of
fluoroscopic procedures was limited to diagnosis with
relatively small risk to the physician, patient and other
personnel, recent explosion of utilization of fluoroscopy

in almost all interventional procedures, has extended to
therapeutic modalities, with increased risk.  It has been
estimated that over 1,000,000 interventional procedures
are performed annually in the United States to manage
chronic pain, with at least 50% of them being performed
under fluoroscopy.  The dramatic increase in the use of
imaging modalities and their promise in improving
diagnosis and treatment in chronic pain has been
recognized (1-16).  This has resulted in increased number
of publications highlighting the usefulness of imaging
techniques in pain management.  Fluoroscopy offers many
advantages for guiding interventional procedures.  Most
interventional procedures in the management of chronic
pain require fluoroscopic exposure only for short periods
of time.  The modern developments with complex
procedures being performed percutaneously have resulted
in the number of prolonged fluoroscopic procedures.  The
major purpose of fluoroscopy in interventional pain
management is correct needle placement to ensure target
specificity and accurate delivery of the injectate (3-25).Funding: No external financial support was provided.
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Incorrect needle placement has been described for multiple
procedures without fluoroscopy (17-25).  In fact,
fluoroscopy has become mandatory for multiple
procedures based on the definition of the procedure or
requirement of third parties (10-14).  The most commonly
used fluoroscopy in interventional pain management is
with C-arm fluoroscopes with image intensification.
However, computed tomographic (CT) fluoroscopy is also
being increasingly used to perform these procedures.
Fluoroscopy is associated with risk for patients, clinicians,
and the personnel in the operating room unless it is
managed with appropriate understanding, skill, and
vigilance (3).  Fishman et al (3) described that risks can be
minimized with a healthy respect for electromagnetic
radiation, continued radiation safety education, radiation
monitoring, and safe “common sense” practices, along
with keeping in mind basic principles of ALARA (as low
as reasonably achievable) time, distance, and shielding.
The primary health risks to physician, patient, and staff in
interventional pain management setting exposed to
radiation include cancer, cataract formation, and fetal
deformities among other complications, including radiation
burns (26).  Most risks in interventional pain management,
specifically to the physician and staff originate from the
scatter.  Scatter is the radiation that bounces off the patient.
The US Food and Drug Administration (FDA) has reported
50 cases of radiation injuries to the patients from
fluoroscopically guided procedures in 1994 alone (27).  It
was also shown that physicians who performed
radiography and fluoroscopy in the first half of the
twentieth century had higher rates of cancer-related deaths
than any other group of physicians (28).  The FDA in 1994
issued an advisory regarding the need for proper training
for all personnel involved with fluoroscopy (29).  Thus,
minimization of exposure is crucial in interventional pain
management similar to other settings.  The radiation dose
depends on the type of the procedure, the patient’s size,
the equipment, the technique, and many other factors.
One of the major concerns with use of CT fluoroscopy is
its high radiation exposure (26, 30).  However, radiation
exposure may be reduced by using intermittent exposures,
grid removal, last image hold, dose spreading, beam
filtration, pulsed fluoroscopy, and other dose reduction
techniques (26).

Multiple studies have been performed to evaluate radiation
exposure to orthopedic surgeons, cardiologists, urologists,
orthopedic surgeons and interventional radiologists
performing a variety of visceral and peripheral angiographic
procedures (26).  However, there have been only a few
reports published evaluating the exposure in interventional

pain management (15, 16, 30).  These studies evaluated a
small number of procedures and were highly variable.  Botwin
et al (15, 16) evaluated the radiation exposure of a spinal
interventionalist performing either fluoroscopically guided
lumbar transforaminal epidural steroid injections or
fluoroscopically guided caudal epidural steroid injections
in which radiation exposure ranged from 2 to 38 seconds.
Paulson et al (30) in investigating radiation dose to
radiologists with CT fluoroscopy-guided interventional
procedures, showed that fluoroscopic time varied from 11
seconds (6.2 to 19.2) for sacroiliac joint injection, 18.4
seconds (12.0 to 27.6) for cervical injections, and 17.6
seconds (3.6 to 65.0) for lumbar injections.

It appears that fluoroscopic times for interventional
procedures are much less than a multitude of procedures
typically involving extended fluoroscopic exposure time
including percutaneous transluminal angioplasty, vascular
embolization, percutaneous nephrostomy, etc., which
ranged from 7 minutes for nephrostomy to 14.6 minutes
for percutaneous transhepatic cholangiography and as
high as 34.1 minutes for cerebral embolization (26).  In
spite of the safety described due to short exposure time in
interventional pain management, risks could be increased
proportionately based on using continuous fluoroscopy,
not following appropriate precautions, poor training, and
overenthusiasm.  This prospective evaluation was
undertaken to monitor multiple procedures performed on
consecutive patients over a period of 4 months in an
ambulatory surgery center setting by a single physician.

METHODS

A total of 1,000 consecutive patients undergoing
interventional procedures with chronic pain by a single
physician were included.  The study was performed at a
non-university interventional pain management practice,
procedures being performed in a sterile environment in an
ambulatory surgery center.  Two fluoroscopy units were
utilized and operated by two certified radiological
technologists.  Inclusion criteria consisted of consecutive
patients presenting for either diagnostic or therapeutic
fluoroscopically guided interventional procedures.
Exclusion criteria included allergy to iodine or any
component of the injection.  Multiple procedures or
previous surgery were not considered as exclusion.

Most procedures were performed in the prone position
except for cervical sympathetic blocks and intraarticular
injections of acromioclavicular joint.  The procedures were
performed in one of the two operating rooms with OEC
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fluoroscopic units, either Compact 7600  or Compact 7800
OEC, Salt Lake City, Utah.  The procedures varied from
facet joint nerve blocks to spinal endoscopic adhesiolysis.
Procedures were performed in a Posterior-Anterior  view
and a lateral fluoroscopic view was utilized to confirm the
needle position when it was deemed necessary.   The mode
of fluoroscopy utilized ranged from pulsed-imaging for
medial branch blocks to rare continuous fluoroscopic
imaging to rule out intravascular injections, as well as
with discography and transforaminal epidural injections.

Data were collected on patient demographics, types of
the procedures and number of regions treated in each
patient, and variable fluoroscopic time based on each
procedure and total exposure time for each patient.

The SPSS version 9.0 statistical package was used to
generate frequency tables.  Results were considered
statistically significant if the p value was less than 0.05.

RESULTS

Table 1 illustrates demographic features with gender, age,
height and weight, body mass index, number of regions
treated and number of procedures performed.

Table 2 illustrates radiation exposure in all patients
showing per patient exposure, per procedure exposure,
along with exposure for each type of procedures
individually, along with total exposure times.

DISCUSSION

A total of 1,000 patients were treated with 1,729
interventional pain management procedures by a single
physician in an ambulatory surgery center.  Our results
showed that total exposure for 1,729 procedures in 1,000

Table 1.  Demographic features
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Table 2.  Illustration of radiation exposure in 1000 patients
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patients was 13,200 seconds. The average per patient was
13.2 ± 0.33 seconds of radiation with a range of 1 to 97
seconds.  However, some patients received multiple
procedures with an average of 2 procedures per patient.
Per procedure radiation exposure in seconds was 7.7 ±
0.21.  Table 2 illustrates radiation exposure in seconds for
multiple procedures ranging from 25 to 46 seconds for
spinal endoscopy to 1 to 13 seconds for thoracic facet
joint nerve blocks. The radiation exposure to the physician
at the outside apron over the upper part of the chest was
1,345 mREM for the entire period with an average of 1.345
mREM per patient (deep-dose equivalent) or 0.748 mREM
per procedure (deep-dose equivalent).  However, the inside
apron over the thyroid was 0 mREM deep dose equivalent.
This evaluation illustrates the importance of using
protective measures and keeping in mind the basic
principles of ALARA (as low as reasonably achievable),
time, distance, and shielding. This may reduce or eliminate
primary health risks to physician, patient, and staff in
interventional pain management setting exposed to
radiation.  Our results are similar to Botwin et al (15, 16)
showing the radiation exposure of a spinal interventionalist
performing either fluoroscopically guided lumbar
transforaminal epidural steroid injections or
fluoroscopically guided caudal epidural steroid injections
in which radiation exposure ranged from 2 to 38 seconds.
Botwin et al (15, 16) showed that radiation exposure of the
spinal interventionalist performing lumbar transforaminal
epidural steroid injections ranged from 5 to 38 seconds
with an average of 15.6 seconds.  They (16) also showed
that while performing caudal epidural steroid injections,
the range was 2 to 33 seconds with mean fluoroscopy time
of 12.55 seconds.  Paulson et al (30) showed that mean
fluoroscopic time ranged from 11 seconds for sacroiliac
joint injection, 18.4 seconds for cervical injections and
17.6 seconds for lumbar injections.  They also showed
that no radiation was detectable at the inside apron or at
the outside room control badge.  Thus, our findings
correlate with the findings of Botwin et al (15, 16), as well
as Paulson et al (30).  This study also includes a large
number of patients undergoing multiple procedures.

This evaluation may be criticized for not using multiple
badges at various levels as others have performed in the
past on the physician, as well as the patient.  However, no
matter how many monitors are utilized over a physician or
the patient, the exposure apparently remains to be an
important factor which needs to be minimized. As this
study shows, the radiation exposure can be minimized to a
significant degree utilizing appropriate precautions.  Our
study also showed patients with higher body mass index

(BMI) required larger radiation doses.  As shown in Fig. 1,
non-obese showed mean radiation of 12.2 seconds per
patient and 7.4 seconds per procedure in contrast to obese
patients with a requirement of radiation exposure of 14.9
seconds per patient or 8.9 seconds per procedure with
significant differences (p = 0.007) between obese and non-
obese patients.  This study also judges fluoroscopic
timings based on total patient exposure rather than per
procedure. This is important as many patients in
interventional pain management setting present with
involvement of multiple regions requiring treatment of
multiple regions at the same time (40).  Thus, this study
again demonstrates that if appropriate techniques are used
and multiple dose reduction techniques are utilized,
procedures can be performed safely under fluoroscopy
without risk to the patient, physician, and the personnel.
This is shown by the average fluoroscopy time of 13.2
seconds per patient or 7.7 seconds per procedure
extrapolated to 2,000 or 3,000 procedures will lead to
fluoroscopic exposure of 15,400 seconds or 23,100
seconds.  Based on this evaluation with 1.345 mREM
outside the apron with 0 mREM inside the apron, in a
worse case scenario, a physician will be exposed to 4,035
mREM on outside and 0 mREM inside the apron for 3,000
procedures.  Considering the annual limit for whole body
exposure of 5 REM per year total effective dose equivalent,
if no protection is used, an interventionalist performing
4,000 procedures will  still be at less than maximum level.
Further, general radiation exposure guides to lens of the
eye are 15 REM per year and extremities and skin are 50
REM per year.  However, inside the apron was shown to
be 0 REM under the circumstances described.  Hence,
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Fig. 1.  Mean radiation exposure time by Body
Mass Index per patient and procedure
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under these circumstances, it can be stated that performing
interventional procedures under fluoroscopy is not only
feasible but also safe.

Fishman et al (3) described that pain specialists frequently
employ fluoroscopy to guide injection procedures.  They
cautioned that while fluoroscopy offers many advantages
for guiding analgesic procedures, it does not come without
risk for patients or clinicians if it is managed without
understanding and vigilance.  Rathmell (1) described that
many recent articles have delineated the usefulness of
fluoroscopy in performing guided injection techniques.
Rathmell (1) also stated that the majority of pain
practitioners who perform any sort of injection techniques
as part of their practices have quickly learned the
advantages of fluoroscopy in guiding precise needle
placement.  However, it appears that in spite of the
widening use of fluoroscopy and other imaging modalities
in diagnosis and treatment, the curricula in pain
management training programs have lagged behind (1).
There is no formal requirement for education of pain
physicians about the use of diagnostic imaging and the
evaluation and treatment of the pain patient within
accredited pain fellowship programs (1).  While most
training programs in pain management, as well as other
disciplines of medicine have increased instruction of their
trainees in the use of fluoroscopy, the radiation safety
aspect is often omitted entirely (1).  Rathmell (1) raised
important questions:  How does the radiation exposure of
the typical pain practitioner, who routinely uses
fluoroscopy compare with that of other practitioners using
fluoroscopy?  What have these other specialists learned
about the risks of cumulative radiation exposure using
modern guidelines for minimizing exposure? Further, he
also questioned pain practitioners, if we should even be
concerned about radiation exposure when specialists like
invasive cardiology colleagues use magnitudes more
radiation in performing invasive cardiology interventions
under biplanar cineangiography?  In fact, Mahesh (26)
published extensively on this issue.  He examined various
radiation exposures during the fluoroscopic procedures
and various dose reduction techniques emphasizing the
importance of training for operators of fluoroscopic
systems.  The FDA Public Health Advisory (29) in 1994
identified multiple procedures typically involving extended
fluoroscopic exposure time.  None of these included
interventional pain management procedures.  However, in
1994, fluoroscopy for interventional pain management was
not in such widespread use.  Shope (27) described that an
estimated 300,000 coronary angioplasty procedures were
performed in the United States in 1994.  Conservative

estimations project this in 2001, 2.5 to 3 times the 1994
estimation (26).  Along with pain management, a wide range
of other fluoroscopically guided procedures, such as
neuroembolization, placement of transjugular intrahepatic
portosystemic shunts, have also shown considerable
growth.  Thus, considering the nature of these prolonged
fluoroscopic procedures, and increasing reports of high
skin doses causing significant tissue injury has emerged
(26).  Since 1994, the FDA has documented many cases of
radiation-induced burns (31), along with a number of case
histories of injuries to both patients and physicians
appearing in the literature (32-37).  It also has been
described that some of the radiation-induced wounds have
required skin grafts, resulting in permanent disfigurement,
along with numerous other side effects including
malignancy.  However, the actual extent of the problem
continues to be unknown.  This is partly fueled by lack of
requirements for reporting and lack of a central repository
for this information.

Biologic effects of radiation can be broadly grouped as
stochastic or non-stochastic effects.  A stochastic effect
is one in which the probability of the effect, rather than its
severity, increases with dose (26).  Thus, among the
multiple effects of radiation, cancer and genetic effects
are considered as stochastic.  Stochastic effect is
exemplified by the fact that the probability of radiation-
induced leukemia is substantially greater after exposure
to 100 rad than after exposure to 1 rad.  However, if leukemia
does occur, there is no difference in the severity of the
disease.  It is believed that stochastic effects lack a
threshold dose because injury to a few cells or even a
single cell could theoretically result in production of the
effect (26).  In contrast, for non-stochastic or deterministic
effects, the probability of causing certain types of harm
will be zero at small radiation doses.  For effects such as
cataracts, erythema, epilation, and even death which are
considered as non-stochastic or deterministic effects that
can result from high radiation exposures, damage will
become apparent, only above the threshold levels and
severity also increases as dose rises above the threshold.
Table 3 illustrates general radiation exposure limits.  For
interventional pain management procedures, at diagnostic
x-ray energies (i.e., those for fluoroscopy and computed
tomography) doses are higher at the beam entrance point,
the most commonly observed harm has been skin tissue
damage and hair loss (31, 37).  Fortunately, modern
fluoroscopy systems based on image intensifiers are
extremely flexible devices and permit operation in a wide
range of modes for dynamic and static imaging (26).  Yet,
accompanying this flexibility is the fact that different
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imaging modes have different dose characteristics making
implementation of safety a difficult task.  Fluoroscopes
typically have the capability of operation in a number of
dynamic imaging modes:  normal fluoroscopy, high-dose
fluoroscopy, and conventional and digital cinefluoroscopy
(26).  Thus, physician and the operator should have the
knowledge of the relative dose characteristics of the
different imaging modes.  Even though there are a multitude
of factors, the performance of a fluoroscopy system with
respect to radiation dose is best characterized by the
receptor entrance exposure rates and skin entrance
exposure rates (26). Further, exposure rates are dependent
on the patient thickness and operational factors.

The likelihood of deterministic radiation skin injury to a
patient or physician is predictable from the skin dose.
The skin entrance exposure is measured to determine its
maximum value, based on regulations by various agencies
in fluoroscopic mode (26).  The skin entrance exposure
limitations set by regulatory bodies are 2.58 mC/kg per
minute (10 R/min) for normal fluoroscopy and 5.16 mC/kg
per minute (20 R/min) for high-dose fluoroscopy.  However,
currently there are no maximum limitations on the
fluoroscopic imaging modes, such as cine and digital
substraction angiography.

No amount of radiation can be considered safe to the
patient, physician, or other personnel.  The maximum
permissible dose (MPD) is the dose at the upper limit of
radiation that one should be “allowed” to receive without
substantial risk of clinically significant adversity.  Radiation
doses below this level probably only carry a remote chance

of clinically significant adverse effects (38, 39).  The annual
effective whole body dose limit for physicians is 50 msv
or 5REM (38). Fishman et al (3) described that assuming
proper technique and equipment and that the clinician is
more than one meter away from the patient, the scattered
radiation exposure to the practitioner for a lumbar epidural
steroid injection performed under fluoroscopy guidance
measured was as low as 0.03 mREM.  Botwin et al (15, 16)
extrapolated their data to 1,000 fluoroscopically guided
caudal epidural steroid injections with a total radiation
exposure varying from 2.44 mREM at the glasses to 4.10
mREM to the finger; and average exposure for
transforaminal epidural steroid injection for 100 procedures
was 70 mREM at the ring badge, 40 mREM at the glasses
badge and 30 mREM at the outside apron badge.  They
also noted that the radiographic technologist’s average
exposure during these procedures was below the limit of
detectability.  However, these exposures described in the
literature are relatively small and should not lead the
interventional practitioner into a false sense of security.  It
is also imperative to remember that radiation dose is
cumulative.  Even though fluoroscopic radiation exposure
in interventional pain management is small, with improper
use it could be fatal.

To maintain radiation safety, multiple techniques have
been described to limit skin doses during interventional
procedures.  These involve either methodological or
technical features present in the equipment. The Nuclear
Regulatory Commission (NRC) and most other radiation
safety agencies endorse the concept of ALARA (as low
as reasonably achievable), which is based on the premise
that all exposures that can be prevented should be
prevented.  Fishman et al (3) described three major steps
to reduce clinician exposure to scattered radiation, which
included distance to, time of, and protection from radiation.
Mahesh (26) described multiple dose reduction techniques
which included intermittent fluoroscopy, grid removal, last
image hold, dose spreading, beam filtration, pulsed
fluoroscopy and other dose reduction techniques,
including proper training of fluoroscopy operators.

Maximizing distance from the radiation source is an
obvious, but often overlooked means of decreasing the
risk.  The major source of radiation is the patient who
serves as a conduit for scattered radiation (3).  Generally,
the fluoroscopic scatter exposure level from patients at 1
m is roughly 0.1% of the entrance skin exposure (41).  The
inverse square law describes the significant decrease of
exposure with increased distance from the source, thereby
doubling the distance quarters the exposure (42).  However,

Table 3.  Annual maximum target area /
organ permissible radiation doses
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Adapted and modified from NCRP report  (38).
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interventional practitioners should be aware, especially
when employing a crosstable lateral view with a C-arm
unit, that the amount of scattered radiation may be two to
three times higher at the entrance surface of the patient
i.e., x-ray tube than at the exit surface of the patient, i.e.,
image intensifier (43).  Thus, as a practical point, standing
on the image intensifier side of the patient will offer less
exposure (3).  Further, maintaining the image intensifier as
close to the patient as possible also reduces exposure.
Maintaining the x-ray source to tabletop distance at as
large a distance as practical reduces the entrance exposure
substantially for a given exposure to the image intensifier
detector (3).

Intermittent fluoroscopy (i.e., keeping the x-rays on only a
few seconds at a time), long enough to view the current
position of the needle, can reduce total fluoroscopic times
considerably.  Mahesh (26) described that this simple
technique is particularly effective when combined with
last image hold features.

The presence of grids in x-ray systems primarily increases
the contrast and hence, the image quality.  However, they
also increase the dose to the patient and staff by a factor
of two or more (26).  Studies have shown that, removal of
the grid has resulted in dose reduction of up to one third
to one half with little or no degradations in contrast and
image quality (44, 45).

Last image hold and electronic collimation have been
described as dose reduction and saving features.  Last
image hold is a saving feature (46), since it allows
physicians to contemplate the last image and plan the
next move without additional radiation exposure in an
interventional procedure.  Further, electronic collimation,
if available, which overlays a collimator blade on the last
image hold so that one can adjust field dimension without
exposing the patient, also reduces radiation exposure (26).
Image magnification either by means of geometric or
electronic means, is considered useful.  However, the ability
to create magnified images in almost all cases results in a
higher radiation exposure dose.  Moving the source closer
to the patient or the receptor further away can magnify the
image.  Thus, it is best to minimize the geometric
magnification in prolonged procedures by keeping the
image receptor close to the patient and the source away.
Most modern fluoroscopes can also magnify the image
electronically within the image intensifier.  Some modern
systems typically have at least three and sometimes as
many as five electronic magnification modes, each with a

unique dose level.  However, again, dose increases with
greater electronic magnification.

Multiple dose level settings provided in various
fluoroscopes also reduce the radiation exposure.  A typical
configuration is to provide three settings – low, medium
and high- with the dose being half or twice the medium
level at the low and high settings, respectively (26).  Since
the low dose setting tends to produce a very noisy image,
whereas as a high dose setting produces low image noise,
one should use medium dose setting for most procedures.

Pulsed fluoroscopy, available in most modern fluoroscopes,
with the x-ray beam emitting as a series of short pulses
rather than the continuous emission, could reduce radiation
exposure significantly.  With pulsed fluoroscopy, images
may be acquired at 15 frames per second rather than the
usual 30 frames per second.  Each image is displayed multiple
times in sequence to provide a 30 frames per second display.
Aufrichtig et al (47) showed average dose savings of 22%,
38%, and 40% at 15, 10, and 7.5 frames per second,
respectively.  Pulsed fluoroscopy has a great advantage as
long as the radiation exposure is lower at lower frame rates.
However, if the tube current is set too high to achieve better
quality images, the entire advantage of pulsed operation is
defeated and there may be no actual dose savings (26).
Others also have shown to reduce overall exposure by 20%
to 75% during pulsed fluoroscopy (48, 49).

Decreasing radiation before it reaches the clinician’s skin
or body is a primary objective for safety for
interventionalists.  Since there is a significant amount of
exposure to clinicians from scattered radiation coming from
the patient, standing behind “lead barriers” whenever
possible, using proper techniques and calibrated
equipment, along with optimizing duration of exposure
and distance from source are all “good practices.”  Proper
shielding is a requirement in the fluoroscopy suit, even
though no law mandates the use of all of the shielding
devices available in practice today, including lead aprons,
leaded gloves, thyroid shields, or protective eyewear.  Lead
aprons absorb between 90% and 95% of the scattered
radiation that reaches them.

CONCLUSION

Fluoroscopy offers many advantages for performing
precision diagnostic and therapeutic interventional
procedures.  The average exposure per procedure in this
study shown is 7.7 ± 0.21 seconds with average exposure
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per patient of 13.2 ± 0.33 seconds.  Extrapolated to 2,000 or
3,000 procedures a year, total exposure would be 15,400
seconds or 23,100 seconds.  Exposure in terms of mREM
would be 2,690 mREM outside the apron for 2,000
procedures with 0 mREM inside the apron, whereas it would
be 4.03 mREM outside the apron for whole body (head
and trunk) effective dose equivalent exposure with 0 mREM
per year inside the apron.  Based on the outside apron
doses, if one performs 4,000 procedures without protection
they would cross the annual limit.  However, this is much
less than the annual limit exposure described for lens of
the eye (15 mREM per year), extremities or skin (50 mREM
per year).  This study has shown that appropriate
utilization of dose reduction techniques provide a safe
environment.  It is concluded that it is feasible to perform
all procedures under fluoroscopy in the present setting
described safely and effectively.
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