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EFFECTIVENESS OF PROTECTIVE MEASURES IN REDUCING RISK OF
RADIATION EXPOSURE IN INTERVENTIONAL PAIN MANAGEMENT:
A PROSPECTIVE EVALUATION

Laxmaiah Manchikanti, MD, Kim A. Cash, RT, Tammy L. Moss, RT, and Vidyasagar Pampati, MSc

It is estimated that over 50% of approx-
imately 4 million interventional procedures
performed annually in the United States are
performed utilizing fluoroscopy. Fluorosco-
py offers validity to interventional techniques
by providing precise localization of anatomic
target areas and facilitating accurate delivery
of injectate. Exposure to ionizing radiation is
an unavoidable consequence while perform-
ing fluoroscopic procedures. The primary
source of radiation to the physician during
interventional procedures is from scatter re-
flected back from the patient.

Multiple investigators have prospec-
tively evaluated radiation exposure to the
physician performing fluoroscopically guid-

ed interventional procedures in various set-
tings, with varying results.

This prospective controlled study was
undertaken to evaluate scatter radiation risk
of whole body exposure and protective mea-
sures to reduce scatter radiation in the up-
per and lower parts of the body in fluoro-
scopically guided interventional techniques.
Five hundred consecutive patients, undergo-
ing interventional procedures, in an ambula-
tory surgery setting were studied. The mode
utilized varied from pulsed-imaging to con-
tinuous fluoroscopic imaging. All the pro-
tective measures were incorporated, includ-
ing lead shielding from the table to the floor
covering the entire area of the beam. Scat-

ter radiation exposure was monitored in 5 ar-
eas with 3 badges inside the apron and 2 out-
side the apron.

Results of this study showed an average
exposure per patient of 8.9 + 0.4 seconds and
per procedure of 4.9 + 0.11 seconds. Scat-
ter radiation exposure was higher outside
the lead aprons compared to inside the lead
aprons. Scatter radiation exposure at groin
level was similar with or without lead shield-
ing from the table to the floor.
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C-arm fluoroscopy with image in-
tensification is frequently utilized in per-
forming many interventional pain man-
agement procedures and is becoming a
routine practice in interventional pain
management in the modern era. It is es-
timated that over 50% of approximately
4 million interventional procedures per-
formed annually in the United States are
performed utilizing fluoroscopy (1-5). In
interventional pain management, fluoros-
copy offers face validity of many types of
diagnostic and therapeutic procedures by
providing precise localization of anatom-
ic target areas, and by facilitating accurate
delivery of injectate (6-15). While C-arm
fluoroscopy is not only considered as an
integral part of interventional pain man-
agement, but is considered as a safe mo-
dality. Indeed, it is associated with risks of
radiation exposure, not only to the phy-
sician, but also the patient and the per-
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sonnel in the operating room or proce-
dure room. The major advantage of in-
terventional procedures in the manage-
ment of chronic pain is that it requires
fluoroscopic exposure for only short pe-
riods of time.

Exposure to ionizing radiation is an
unavoidable event while performing fluo-
roscopic procedures. Since the only accu-
rate way it can be avoided is to avoid the
radiation, the other alternative is to min-
imize its absorption by biologic tissues.
The primary source of radiation to the
physician during interventional proce-
dures is from scatter reflected back from
the patient. Another source of radiation
is radiation leakage from the equipment,
however, this is of a lesser concern. The
fundamental principles of radiation pro-
tection include: 1) maximization of dis-
tance from the radiation source, 2) liberal
use of shielding materials, and 3) mini-
mizing exposure time. Multiple dose re-
duction techniques have been described
to include intermittent fluoroscopy, re-
moval of grid, last image holding, elec-
tronic collimation, dose spreading, ad-

justment of beam quality, image magnifi-
cation, dose level settings, pulsed fluoros-
copy, and appropriate training of fluoros-
copy operators. Finally, the application of
the concept of ALARA (as low as reason-
ably achievable) will keep radiation with-
in the recommended and safe limits.
Radiation risks to the physician and
assisting personnel are evaluated using the
maximum safe allowable exposure limits
which have been established by the Na-
tional Council on Radiation Protection
(16). The current estimation of risk from
radiographic exposure to a specific body
part is based on the biologic effects of
whole body exposure converted by weight
factors, specific for individual organs
and tissues. The International Commis-
sion on Radiological Protections in 1991
adapted specific organ risks (17). In addi-
tion, in 1994, the Center for Devices and
Radiological Health of the Food and Drug
Administration (FDA) issued an adviso-
ry, warning healthcare facilities of the po-
tential for radiation-induced burns to pa-
tients from prolonged fluoroscopic proce-
dures (18). While this advisory was issued
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specifically for patients, the same warn-
ing is also applied to physicians and oth-
er staff members of the team. The major
risk for physicians with radiation expo-
sure is related to the exposure due to the
cumulative effect. According to the FDA
advisory (18), a number of intervention-
al procedures (not pain management),
including radio-frequency cardiac cath-
eter ablation, percutaneous transluminal
angioplasty, vascular embolization, stent
and filter placement, thrombolytic and fi-
brinolytic procedures, percutaneous tran-
shepatic cholangiography, endoscopic ret-
rograde cholangiopancreatography, tran-
sjugular intrahepatic portosystemic shunt
placement, percutaneous nephrostomy,
and biliary drainage or urinary or biliary
stone removal are considered as high risk
procedures (19).

Interventional pain management, as
an evolving specialty, is in its infancy in
reporting the various issues related to ra-
diation exposure and complications sec-
ondary to the exposure. However, a num-
ber of case histories of injuries to both pa-
tients (20-22) and physicians (24) have
been reported in other areas. Even then,
the actual extent of the problem is essen-
tially unknown either in general or specif-
ically in interventional pain management
settings. Currently, there are no require-
ments for reporting such information to
the FDA and there is no central repository
to provide such information in the Unit-
ed States. Multiple investigators have pro-
spectively evaluated radiation exposure to
the physician performing fluoroscopically
guided interventional procedures in var-
ious settings (7-10, 15). Multiple evalu-
ations showed low exposure rates in the
upper part of the body (7, 8, 10), except
for two evaluations (9, 15), which showed
significant exposure to the lower part of
the body. Schade (9) and Manchikanti
et al (15) measured radiation exposures
to the lower part and upper parts of the
body. Manchikanti et al (15) showed no
exposure to scatter radiation in the upper
part of the body in 509 patients, however,
with significant exposure seen in the lower
part of the body with a total of 15 mREM
scatter radiation with exposure of 0.0294
mREM exposure per patient. However,
this study has not utilized any extra pro-
tection to protect the groin area by utiliz-
ing extra shielding either on the patient or
from the table to the floor. The physician
has followed all the principles utilized to
reduce the dosage of radiation scatter. In
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contrast, Schade (9) measured radiation
exposure at groin, knee, and feet, along
with measurement at the eye and chest.
He also showed that when a lead drape
was applied from the patient to the floor,
scatter radiation was reduced, specifically
at groin, knee, and feet. Schade (9) ob-
served clinically significant reductions in
scatter radiation up to 99% by using lead
shielding on the patient and from the ta-
ble to the floor. Schade (9) concluded
that the objective measurements of scat-
tered radiation demonstrated that the sur-
geon can be exposed to dangerous levels
of scatter radiation when imaging an av-
erage sized patient using a typical radio-
graphic technique, and the clinically sig-
nificant reduction in radiation exposure
to the surgeon is achieved by using lead
shielding starting on the patient and ex-
tending to the floor.

This prospective controlled study
was undertaken to evaluate scatter radi-
ation with the risk of whole body radia-
tion exposure and protective measures to
reduce scatter radiation in the upper and
lower parts of the body in fluoroscopically
guided interventional techniques.

METHODS

Five hundred consecutive patients,
undergoing interventional procedures, in
an ambulatory surgery setting, by a sin-
gle physician, were studied. The study
was performed at a non-university inter-
ventional pain management practice. All
the procedures were performed in a sterile
environment in an operating room. Fluo-
roscopy units were operated by two certi-
fied radiological technologists. Inclusion
criteria consisted of consecutive patients
presenting for either diagnostic or thera-
peutic fluoroscopically guided interven-
tional procedures. Exclusion criteria in-
cluded pregnancy or allergy to iodine or
any component of the injection.

Procedures were either performed in
prone position or supine position. The
procedures were performed in one of the
two operating rooms with OEC® fluoro-
scopic units available in each room (Com-
pact 9600 or Compact 9800 OEC, Salt Lake
City, Utah). The majority of the proce-
dures included facet joint nerve blocks
(cervical, thoracic or lumbar), epidurals
(interlaminar or caudal), transforaminal
epidurals (cervical or lumbar), percutane-
ous adhesiolysis, intercostal nerve blocks,
and cervical or lumbar sympathetic blocks.
Procedures were performed in a PA view

and a lateral fluoroscopic view was utilized
to confirm the needle placement when it
was deemed necessary. Live fluoroscopy
was also utilized whenever intravascular
injection was suspected, and routinely for
transforaminal epidural injections.

The mode utilized varied from
pulsed-imaging to continuous fluoro-
scopic imaging. All the protective mea-
sures were incorporated, including lead
shielding from the table to the floor cov-
ering the entire area of the beam, how-
ever, only half the length of the operat-
ing table.

Radiation exposure was monitored
using a dosimetry badge with a lower lim-
it of detectability of 1 mREM. One radio-
graphic technologist allocated five badges
to the physician prior to the procedures.
These badges remained with the physi-
cian throughout the study. The badges
were clearly marked as #1 or CL on the
neck collar inside the apron, #2 or TR on
the torso or outside the apron over the
chest, #3 or CH on the chest pocket inside
the apron, #4 or RT over the belt of apron
or groin area on the outside of the apron,
and #5 or GR inside the apron over the
groin area attached to the belt.

The “outside” badge was placed out-
side the lead apron worn by the physi-
cian, which was of 0.5 mm thickness. The
“inside” badge was placed on the neck
at the thyroid level inside the apron in
the thoracic area around T4, and over
the groin area over the belt. The badg-
es were all placed outside the radiation
exposure area and outside the operating
rooms, when they were not in use. The
radiological technologist assigned to the
study maintained a daily log of the pa-
tient’s name, date of procedure, num-
ber of procedure(s), description of the
procedure(s), fluoroscopic exposure time
for each procedure, and total time for each
patient.

Data were recorded on a database us-
ing Microsoft® Access. The SPSS version
9.0 statistical package was used to gener-
ate frequency tables. Results were consid-
ered statistically significant if the p value
was less than 0.05. For comparison pur-
poses, the data from a previous study (15)
was utilized, which included 509 patients
and was performed in the same manner
by the same physician, except for there
was no lead protection for the lower part
of the body.
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ResuLTs

Five hundred consecutive patients
were included in the study. There were
no exclusions. The data of the previous
study without protective measures in the
lower part of the body (15) were consid-
ered as Group I, whereas, the data of the
current study of 500 patients were consid-
ered Group IL

Table 1 illustrates demographic fea-
tures with age, gender, and body mass in-
dex in both groups. There were no signifi-
cant differences noted among the groups.

Table 2 illustrates radiation exposure
in both groups, with 509 patients and 827
procedures in Group I, and 500 patients in
Group II with 865 procedures. Only the
statistics for the procedures totaling more
than 20 for the study period were includ-
ed in the table. Average exposure per pa-
tient was 12.5 + 0.4 seconds and 7.5 +
0.27 per procedure in Group I, compared
to 8.9 + 0.4 seconds per patient and 4.9 +
0.11 seconds per procedure in Group II.
Group II showed significantly less radia-
tion exposure compared to Group .

Table 3 illustrates scatter radiation
exposure in both groups at various lev-
els of the body. As expected, the scat-
ter radiation exposures were higher out-
side the lead aprons in both groups com-
pared to inside the lead aprons. Howev-
er, scatter radiation outside the apron was
less in Group II compared to the previ-
ous study in Group I. In contrast, both
groups were similar with respect to radia-
tion exposure inside the apron, specifical-
ly at groin level.

Table 1. Demographic features

Group | Group Il

Number of patients 509 500
Number of procedures 827 865
Age (yrs) [ meanz SEM ] 50£0.6 49+ 0.6

Male 34% (175) 40% (199)
Gender

Female 66% (334) 60% (301)
Body mass index [ meant SEM ] 28.6+0.3 28.2+0.3

Table 2. Illustration of procedural characteristics and radiation

exposure in seconds

Group | Group Il
(509) (500)
Per Patient 12.5 £ 0.4 8.9%+ 0.4
7.5+0.27 4.9% £ 0.11
Per Procedure (827) (865)
Facet Joint Nerve Blocks 5.8 +0.11 4.5% +0.07
(Cervical / Lumbar / Thoracic) (474) (481)
Epidurals 3.7+0.29 2.7%£0.27
(Caudal / Interlaminar) (141) (160)
Transforaminal 10.6 £ 0.60 8.4+ 0.5
(Cervical / Lumbar) (92) (102)
*
Percutaneous Adhesiolysis 18.9:172 1.87:239
(50) (35)
Intercostal / Sympathetic Blocks 7.4 £ 1.09 4.0%+0.35
(Cervical or Lumbar) 27) (35)

() Indicates number of procedures
* Indicates significant difference

Procedures performed less than 20 were not listed in this table, however were utilized in
calculating the exposure per procedure and patient

Table 3. Illustration of scatter radiation exposure in mREM outside and

inside apron

DISCUSSION Location of Dosimetry Badge Group | Group Il
A total of 500 patients in the cur- | Number of patients 509 500

rent study, and 509 patients from a previ- | Number of procedures 827 865

ous §tud{ (1?) undergoing over 8(;0 inte‘r- Neck (Inside) o o

entional pain management procedures in

v b . & P v Chest (outside) 690 313

each group, in an ambulatory surgery cen- —

ter under fluoroscopy were evaluated. The | Chest (inside) NA °

results of this prospective study showed | Groin (outside) 1152 176

that exposure to the physician on average | Groin (inside) 15 13

was 8.9 + 0.4 seconds per patient,and 4.9 +
0.11seconds per procedure. The exposure
rates were significantly lower compared to
the previous study (Group I). Radiation
exposure in the current study ranged from
a low of 2.8 + 0.27 seconds for interlami-
nar or caudal epidural with a high of 11.8 +
2.39 seconds for percutaneous adhesiolysis
among the commonly performed proce-
dures. Scatter radiation outside the apron
at chest was 313 mREM or 0.629 mREM
per patient, and at groin was 176 mREM

NA-Not available

or 0.352 mREM per patient respectively.
This was lower compared to Group I with-
out extra shielding. However, scatter radi-
ation exposure was similar in both groups
at the groin level (inside) (13 vs 15 mREM
total or 0.029 mREM per patient vs 0.026
mREM per patient).

This evaluation once again illustrates
the importance of measuring radiation

exposure in the upper and lower parts of
the body. In addition, it also illustrates the
need for utilizing protective measures in
upper and lower parts of the body. Uti-
lizing lead protection in the lower part
also reduced scatter radiation exposure
in the upper part of the body and outside
the apron, however, failed to significantly
reduce the radiation exposure inside the
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apron at groin level. Thus, in spite of ap-
propriate lead protection for upper and
lower parts of the body, and with precau-
tionary measures employing the princi-
ples of ALARA with regard to time, dis-
tance, and shielding; there continues to
be significant exposure to the groin in-
side the apron. It appears that while low-
er body protective measures reduce the
scatter radiation exposure to the upper
body, as well as outside the apron, it failed
to reduce scatter radiation to the groin
area. This is in contrast to the findings
of Schade (9). However, the differences in
these two investigations were Schade (9)
evaluated scatter radiation exposure with
procedures in lumbar region and the pro-
tection also extended the entire length of
operating table, along with extension to
the floor. He also utilized additional lead
shielding on the patient. Thus, this study
shows that physicians need to continue to
find protective measures which will re-
duce radiation exposure inside the apron
to minimal levels.

This study showed that radiation ex-
posure is well within the established safety
limits, in select interventional pain man-
agement settings. Further, scatter radi-
ation exposure time have improved in
the current study, compared to previous
study. However, multiple variables should
be taken into account prior to extrapolat-
ing these results for other locations and
situations. Further, evaluations must be
carried out to evaluate additional protec-
tive measures to reduce groin exposure of
scattered radiation. Further, the shield-
ing to protect the lower part of the body
will not provide any protection in deep
oblique or lateral exposures. Thus, fluo-
roscopic times and exposure risk depends
not only on the technique applied for each
procedure, it also depends on training of
the individual, and the mode of fluorosco-
py utilized. In fact, intermittent fluoros-
copy or pulsed fluoroscopy will reduce the
exposure, whereas, continuous fluorosco-
py and visualization in multiple views and
live fluoroscopy will increase the exposure
risk. Additional factors include patient
volume, number of regions treated in each
patient, number of procedures performed
in each region, and the experience of the
physician, and radiographic technologist.
Thus, it is almost impossible to calculate
the absolute exposure to each individual
physician, based on reports of controlled
trials. Yet, the results of these controlled
trials may be considered in evaluating in-
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dividual situations and cumulative expo-
sure over a lifetime.

Further, controlled trials are re-
quired with additional protective mea-
sures to evaluate further potential reduc-
tions in scatter radiation exposure out-
side and inside the apron, specifically to
the groin area.

CONCLUSION

This study, evaluating a total of 500
consecutive patients undergoing 865 inter-
ventional procedures, showed that protec-
tive measures have decreased scatter radia-
tion exposure at all levels, outside and inside
the apron, except for inside the groin. The
scatter radiation exposure was measured in
the upper part, as well as the lower part of
the body outside and inside the apron. Pro-
tective measures included not only the lead
apron, thyroid collar, following the princi-
ples of ALARA, but also lead protection for
the lower part of the body. These protective
measures have decreased scatter radiation
exposure at all levels outside and inside the
apron, except for inside the groin. Thus, it is
concluded that there is scatter radiation ex-
posure in upper and lower parts of the body,
and it can be reduced with appropriate mea-
sures of protection in the neck, chest, but
not in groin area.
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