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PURPOSE: To evaluate the benefits of computed tomographic (CT) fluoroscopy–
guided interventions and assess radiation exposures incurred with CT fluoroscopy.

MATERIALS AND METHODS: A 6-month period of use of CT fluoroscopy to guide
abdominal biopsy procedures and catheter drainage was analyzed. Efficacy mea-
sures and needle placement and procedure room times were compared with those
of the preceding 6 months during which conventional CT was used. CT fluoroscopic
times and estimated radiation exposures were compared for two CT fluoroscopic
methods.

RESULTS: The sensitivity and negative predictive values for biopsy procedures and
the success rate for needle aspiration or catheter drainages for CT fluoroscopy—
98%, 86%, and 100%, respectively—were not significantly different from those for
conventional CT—95%, 80%, and 97%, respectively. Room time was not reduced
significantly, but mean needle placement time for CT fluoroscopy (29 minutes; n 5
95) was significantly lower than that for conventional CT (36 minutes; n 5 93; P ,
.005). The mean patient dose index was 74 cGy. Limiting CT fluoroscopy to scanning
the needle tip rather than scanning the entire needle pass significantly reduced the
dose to the patient and the operator.

CONCLUSION: Although CT fluoroscopy is a useful targeting technique, significant
radiation exposures may result. Therefore, radiologists need to be aware of different
methods of CT fluoroscopic guidance and the factors that contribute to radiation
exposure.

Computed tomography (CT) is commonly and successfully used for guiding percutaneous
abdominal biopsy procedures and catheter drainage of fluid collections (1). However,
compared with ultrasonography (US) and fluoroscopy, conventional (nonfluoroscopic) CT
does not provide real-time guidance capability. Therefore, CT usually is associated with
longer procedure times owing to the need to intermittently scan the region of interest each
time needle or catheter location confirmation is required.

CT fluoroscopy was developed and reported on by Katada et al (2–7) and Kato et al (8,9).
A slip-ring spiral (helical) CT scanner was modified by adding a high-speed array processor
to increase the speed of image reconstruction. The system resulted in real-time reconstruc-
tion and display of CT images; it was possible to scan continuously and view a biopsy
needle as it is advanced in real time on a display screen in the CT suite. Since its inception,
CT fluoroscopy has been used to guide intracranial, chest, abdominal, and pelvic biopsy
procedures and fluid collection drainage (2–17). While feasibility has been established, the
benefits of CT fluoroscopy, particularly as compared with those of conventional CT, to our
knowledge, have not been demonstrated. More important, the radiation exposure to
patients and personnel incurred while conducting CT fluoroscopy during interventional
procedures remains a concern.

CT fluoroscopy has the potential to improve the efficacy of CT-guided interventions, to
reduce the time to place a needle into a lesion for performance of biopsy or drainage of fluid
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collections, and to reduce procedure
times. We used a new CT fluoroscopic
scanner to guide abdominal biopsy proce-
dures and fluid collection drainage and
evaluated whether using CT fluoroscopy
would improve procedural efficacy and
reduce procedural times compared with
those of conventional CT. We assessed
patient and personnel radiation expo-
sures incurred with CT fluoroscopy and
evaluated two CT fluoroscopic guidance
methods.

MATERIALS AND METHODS

CT Fluoroscopic System

The system is a continuous rotation,
fan-beam geometry CT unit modified by
adding a high-speed array processor to
increase image reconstruction speed and
display images 3–6 frames per second
(17). Images are displayed on an in-room
monitor next to the CT table. Foot pedals
alongside the CT table are used for con-
trolling CT fluoroscopy and adjusting
table position and height. The CT table
can be moved in and out of the gantry
during CT fluoroscopy by using a joystick
anchored to the CT table. The compo-
nents collectively are called ‘‘C.A.R.E.,’’
or Combined Applications to Reduce Ex-

posure, Vision CT, (Siemens Medical Sys-
tems, Forchheim, Germany). Recon-
structed images are converted to standard
television signals. A video recorder inter-
face card connects a videocassette re-
corder for recording all of the images at
CT fluoroscopy. The last image of the scan
remains displayed on the monitor and is
stored on the hard disk for photography.

Patients and Procedures

Of 143 cases referred for CT-guided
interventions in the abdomen and pelvis
during a 6-month period (August 15,
1997 to February 14, 1998), 107 proce-
dures were performed with use of CT
fluoroscopy. Conventional spiral CT was
used in 36 procedures early in the study
period mainly owing to unfamiliarity with
the CT fluoroscopic system. Of the 107
procedures performed with use of CT
fluoroscopy, 95 abdominal biopsy and
needle or catheter drainage procedures
(61 biopsies, 13 fluid aspirations, 21 cath-
eter drainages) in 87 patients (43 women,
44 men; age range, 29–88 years; mean
age, 55 years) were selected for study. Of
the 107 procedures, 12 were excluded,

seven owing to insufficient data and five
because they were special procedures (ce-
liac ganglion block, catheter manipula-
tion, percutaneous gastrostomy), and our
purpose was to study a homogeneous
population of procedures.

All procedures were performed by both
a staff abdominal radiologist and a fellow
or resident. Radiologists and nurses wore
protective lead aprons. All procedures be-
gan in the usual fashion with a spiral CT
scan of the region of interest after a
radiopaque surface grid was placed on the
skin. This scan was used to plan the
percutaneous approach to the lesion, and
the skin was then marked. The operators
then chose CT fluoroscopic parameters
(ie, tube voltage, tube current, collima-
tion) available on the scanner. The param-
eters available were the following: for 80
kVp, 75, 105, or 135 mA; for 120 kVp, 50,
70, or 90 mA; and for 140 kVp, 43, 60, or
77 mA. Available collimations were 1, 2,
3, 5, 8, and 10 mm. For all procedures, 6
frames per second was used. Images were
acquired with a gantry rotation speed of
0.75 seconds per 360°. After sterile prepa-
ration, draping of the skin, and applica-
tion of local anesthesia, the first needle,

Figure 1. Photograph of needle holder used during CT fluoroscopy–
guided abdominal intervention with use of the real-time method. A
towel clamp (arrowhead) is affixed to the needle hub and can be used
to direct a needle during real-time CT fluoroscopy such that the
operator’s hand is 10 cm from the primary x-ray beam.

Figure 2. Images obtained during CT fluoroscopy–guided biopsy of
pancreatic cancer (open arrow) with use of the real-time method. The
initial nonfluoroscopic spiral CT scan (upper left) showed a bowel-free
path to the target. When CT fluoroscopy began (upper right), the
colon (arrowhead) was interposed between the needle (solid arrow)
and the target. By using CT fluoroscopic guidance, the needle was
placed to the right of the colon, and the colon was deflected to the left
(lower left), which allowed the needle to be directed to the pancreatic
mass without piercing the colon (lower right).
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used as the guiding reference needle for
subsequent needle or catheter place-
ments, was placed by using one of two CT
fluoroscopic guidance methods selected
at the time of the procedure by the opera-
tor.

Real-time method.—The biopsy or aspira-
tion needle was held by using a plastic
clamp to keep the operator’s hand ap-
proximately 10 cm outside of the primary
beam (Fig 1). Needles were advanced
during CT fluoroscopy. The radiologist
stepped on the scanning foot pedal while
adjusting the table position (and there-
fore the scanning plane) by using his or
her free hand on the joystick to follow
the needle tip. Once the needle tip was
followed into the lesion, the foot pedal
was released, and the last image was
saved onto the hard disk and printed
with other spiral CT images (Fig 2).

Quick-check method.—After the reference
needle was placed by using the localizing
spiral CT scan only as a guide, a short CT
fluoroscopic examination was performed
to locate the needle tip (Fig 3). As previ-
ously, the last image of the scan was
printed. This technique also was used to
confirm the position of a guide wire or a
catheter. In all cases in which the quick-
check method was used, only quick-
check scans were used, but in some cases
in which the real-time method was used
quick-check scans were used in addition
to real-time scans.

The group of 95 CT fluoroscopy–guided
procedures performed during the study
period were compared with the group of
94 conventional CT–guided abdominal
and pelvic procedures (55 biopsies, 18
fluid aspirations, 21 catheter drainages)

performed in 89 patients (46 women, 43
men; age range, 21–91 years; mean age,
57 years) during the prior 6 months by
using a Somatom Plus S (Siemens Medical
Systems). Of the 100 cases referred for
CT-guided interventions during this pe-
riod, six were excluded, five owing to
insufficient data and one because it was a
celiac ganglion block. Conventional CT–
guided procedures, performed by a staff
abdominal radiologist and a fellow or
resident, also began with a localizing
spiral CT scan with a surface-marking
grid placed over the region of interest.
Needles were placed in the conventional
fashion by using the initial scan to plan
the needle placement (18). Needle tip
localizations were confirmed by using
spiral CT scans obtained intermittently
between needle manipulations (19).

Diagnostic test characteristics (sensitiv-
ity and negative predictive value of bi-
opsy results, success rate of fluid collec-
tion drainage), mean needle placement
times, mean CT procedure room times,
and mean target sizes (ie, mass or fluid
collection) were determined for both CT
fluoroscopy– and conventional CT–
guided groups. Needle placement time,
defined as the time elapsed between the
start of the initial localizing spiral CT
scan and the start of the scan showing the
needle tip in the target, was determined
retrospectively by using images obtained
during the procedure. Room time, repre-
senting the total time the patient was in
the CT procedure room, was logged by CT
technologists for all cases in each group.
In addition to the procedure time, this
time included monitor hookup and re-
moval and in some cases, intravenous

catheter placement. When a biopsy was
performed, the time required for the cyto-
pathology team to examine initial speci-
mens for adequacy was included. Some
fluid aspiration and drainage procedures
included the time needed to obtain a
Gram stain result. Catheter drainage pro-
cedures also included time spent securing
the catheter to the skin site.

All patients provided written informed
consent prior to entering the room. Statis-
tical comparisons were performed by
using two-sample Student t tests of the
times described. Logarithmic transforma-
tion was used to offset skewed distribu-
tions in the data for procedure times and
lesion sizes. Sex, mean patient age, and
mean target size were compared.

For the 95 procedures in which CT
fluoroscopy was used, total CT fluoros-
copy times were obtained retrospectively.
Per departmental policy, they were re-
corded by technologists for each case.
The real-time method (ie, scanning that
depicted the entire needle pass) was used
in 75 procedures, and the quick-check
method (ie, short scanning of the needle
tip) was used in 20. Total CT fluoroscopy
times represented the total time used
during CT fluoroscopy for each proce-
dure, and in some instances it consisted
of several individual CT fluoroscopic
scans. The two methods were compared
by using two-sample Student t tests for
their mean CT fluoroscopy times, and
mean target sizes were compared by using
a logarithmic transformation of the avail-
able data. The two methods also were
compared with the data stratified accord-
ing to target size, again by using Student t
tests of logarithmically transformed data.

The CT parameters (ie, tube voltage,
tube current, collimation) chosen by the
operators during the 95 CT fluoroscopy–
guided procedures were recorded. Assess-
ments of patient doses were calculated by
multiplying the CT fluoroscopy time for
each procedure by the CT dose index rate
in a 20-cm Plexiglas phantom for each
technique used (20). This product was
called the ‘‘patient dose index.’’ If one
wishes to imagine the patient dose index
as a patient skin dose, it is the upper
bound of the maximum skin dose to a
patient of size comparable to the Plexi-
glas phantom. The upper bound means
that the maximum skin dose to such a
patient will not exceed the patient skin
dose. The CT dose index was estimated at
a 2-cm depth from the surface in the
Plexiglas phantom by using a 10-cm pen-
cil ionization chamber for a 10-second CT
fluoroscopy time (20). The CT dose index
rates were 3.1–13.8 mGy/sec.

Figure 3. Images obtained during the performance of CT fluoroscopy–guided needle aspiration
of a pancreatic fluid collection. Initial nonfluoroscopic spiral CT scan (left) showed a large
superficial collection (arrowheads). By using the quick-check method, a 3-second scan (right) was
used to visualize the needle tip (120 kVp, 50 mA, 10-mm collimation).
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The patient dose index values provide
an overestimation of the patient skin
dose because the same patient tissue is
not always within the section thickness.
The mean patient dose index for all proce-
dures was calculated by averaging the
patient dose index for each procedure.
The mean patient dose indexes in the
real-time and quick-check method groups
also were compared by using a two-
sample Student t test. The real-time and
quick-check methods were compared for
the frequency of use of different exposure
techniques by using a Fisher exact test. A
P value less than .05 was considered to
indicate a statistically significant differ-
ence.

Estimates of personnel exposure at the
level of the operator’s hand and neck or
body were obtained by multiplying the
CT fluoroscopy times by the scatter expo-
sure rates obtained from phantom mea-
surements at 10 cm from the x-ray beam,
as an approximation of the position of
the operator’s hand, and at 100 cm, as an
approximation of the position of the
operator’s neck or body, by using 120
kVp, 50 mA, and 10-mm collimation
(20). Estimates of exposure to the opera-
tor’s hand were obtained by using only
the cases (n 5 39) in which the real-time
method and 120 kVp, 50 mA, and 10-mm
collimation were used, which were the
parameters for which scatter rate phan-
tom experiment data were available. This
estimation of exposure to the hands was
based on the assumption that the hands
were at 10 cm, the approximate distance
when holding the towel clamp attached
to the needle, for the entire CT fluoros-
copy time. Because quick-check scans
were used in some of the real-time cases,
this estimate is a maximum.

Hand exposures were not assessed for
the cases in which only the quick-check
method was used because the hands do
not manipulate the needle during quick-
check scanning. Estimates of exposure to
the operator’s neck or body were ob-
tained for all cases in which 120 kVp, 50
mA, and a 10-mm section thickness were
used (n 5 49). Mean personnel exposure
was calculated by averaging the estimates
of personnel exposure per procedure.

RESULTS

For the group of patients undergoing
procedures guided with CT fluoroscopy
(n 5 95), biopsy sensitivity was 98% (42
of 43), the negative predictive value of
biopsy was 86% (six of seven), and the
success rate of needle aspiration or cath-

eter drainage was 100% (34 of 34). These
results were not significantly different
from those for procedures guided by con-
ventional CT (n 5 94), in which biopsy
sensitivity was 95% (40 of 42), the nega-
tive predictive value of biopsy was 80%
(eight of 10), and the success rate of
needle aspiration or catheter drainages
was 97% (38 of 39). All positive biopsy
results (n 5 82) were considered true-
positive. The cases of false-negative re-
sults were proved by means of surgical
biopsy results in one, repeat biopsy re-
sults in one, and 9 months of imaging
follow-up in the other. True-negative re-
sults were verified by means of surgical
biopsy results (n 5 3) and imaging fol-
low-up (n 5 7; range, 4–19 months of
follow-up).

All aspirations and drainages were suc-
cessful, except in one case in the conven-
tional CT group in which the collection
was considered inaccessible. There were
three self-limited small hematomas in
each group and one mild vasovagal reac-
tion in the conventional CT group. There
were no significant complications in
either group. The mean needle placement
time for CT fluoroscopy–guided proce-
dures (29 minutes; standard error 5 1.1;
range, 6–67 minutes; n 5 95) was signifi-
cantly shorter than the mean needle
placement time for conventional CT (36
minutes; standard error 5 1.6; range,
17–100 minutes; n 5 93; P , .005) and

was independent of target size. The one
case of an unsuccessful attempt at fluid
aspiration by using conventional CT could
not be analyzed for mean needle place-
ment time or room time.

There was no significant difference in
mean target size between CT fluoroscopy–
guided (5.2 cm; standard error 5 0.38;
range, 1.2–15.0 cm; n 5 95) and conven-
tional CT–guided (6.0 cm; standard
error 5 0.28; range, 0.8–25.0 cm; n 5 93)
groups. The mean room time for CT
fluoroscopy–guided procedures (87 min-
utes; standard error 5 3.4; range, 31–260
minutes; n 5 95) was not significantly
different from the mean room time for
procedures guided with conventional CT
(90 minutes; standard error 5 3.0; range,
48–190 minutes; n 5 93). There was no
significant difference in patient demo-
graphics (age, sex) between the two
groups.

The overall mean CT fluoroscopy time
was 79 seconds (range, 8–546 seconds). A
CT fluoroscopy time of 546 seconds was
used during a difficult procedure involv-
ing two catheter drainages and two needle
aspirations of four separate fluid collec-
tions in the same patient. The mean CT
fluoroscopy time was significantly shorter
with use of the quick-check method (41
seconds; standard error 5 7.4; n 5 20)
than with use of the real-time method (90
seconds; standard error 5 12.2; n 5 75;
P , .005). The mean target size was

Figure 4. Graph shows that the mean patient doses for each of the 6 monthly periods decreased
during the study. To convert rad to SI units (gray), divide by 100.
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significantly smaller in the latter group
(4.9 cm; standard error 5 0.3; range,
1.2–15.0 cm; n 5 75 vs 6.1 cm; standard
error 5 0.5; range, 3.0–10.0 cm; n 5 20;
P 5 .02).

Stratified analysis indicated that radi-
ologists chose real-time more often than
quick-check when performing biopsies in
masses smaller than 5 cm. Moreover,
when biopsies were performed in masses
smaller than 5 cm or collections smaller
than 5 cm were drained, the mean size of
the target when the real-time method was
chosen (2.9 cm; standard error 5 0.1; n 5
40) was smaller than the mean target size
when the quick-check method was cho-
sen (3.8 cm; standard error 5 0.2; n 5 6;
P 5 .02). In contrast, when targets 5 cm or
larger were encountered, we did not find
a significant difference in target size be-
tween the group in which the real-time
method was used (7.3 cm; standard
error 5 0.4; n 5 35) and the group in
which the quick-check method was used
(7.1 cm; standard error 5 0.4; n 5 14).

The most commonly chosen CT param-
eters, or tube voltage and tube current,
were 120 kVp and 50 mA (n 5 50), 120
kVp and 90 mA (n 5 26), and 80 kVp and
135 mA (n 5 10). In a minority of cases,
80 kVp and 75 mA (n 5 4), 120 kVp and
70 mA (n 5 3), 80 kVp and 105 mA
(n 5 1), and 140 kVp and 43 mA (n 5 1)
were used. Collimation was 10 mm for all
but seven cases in which a 5-mm collima-
tion was used. The mean patient dose
index (n 5 95) was 74 cGy (range, 3–494
cGy) and decreased during the 6-month
study period (Fig 4). In the case with a
resultant mean patient dose index of 494
cGy, 546 seconds of CT fluoroscopy time
was used. There was an initial increase
and then a modest monthly decrease in
mean CT fluoroscopy times (Fig 5). There
was a progressive decrease in the use of
relatively higher CT parameters (eg, 120
kVp and 90 mA) and more frequent use of
lower parameters (eg, 120 kVp and 50
mA) during the study period (Fig 6).

The mean patient dose index was lower
in the group in which the quick-check
method (30 cGy) was used compared
with that in the group in which the
real-time method (85 cGy) was used (P ,
.005). However, real-time and quick-
check methods were significantly differ-
ent for the frequency of use of different
exposure parameters (P 5 .05). In particu-
lar, the relatively higher dose exposure
parameter of 120 kVp and 90 mA was
more likely to be used in cases in which
the real-time method was used. The rela-
tively lower dose parameters of 80 kVp
and 75 mA or 80 kVp and 135 mA were

more likely to be used with the quick-
check method.

The estimated maximal mean person-
nel hand exposure was 78.6 µC/kg (305
mR) (n 5 39) with use of the real-time
method at 120 kVp, 50 mA, and 10-mm
section thickness. Estimated maximal op-
erator neck or body exposure for all cases
with use of 120 kVp, 50 mA, and 10-mm
collimation was 2.6 µC/kg (10 mR) (n 5
49).

DISCUSSION

CT fluoroscopy represents a substantial
technologic advance. Since the first CT-
guided intervention, to our knowledge,
was proposed in 1976 (21), viewing of the
needle while it is advanced into the body
was not possible until CT fluoroscopy was
developed. However, benefits and the op-
timal use of this technology need to be
determined, particularly with respect to
the radiation exposure that results with
CT fluoroscopy, and the more than 20-
year excellent record with conventional
CT.

Compared with results obtained with
conventional CT, our study results show
the successful use of CT fluoroscopy to
guide abdominal biopsy procedures and
drainage, but we could not demonstrate
an increase in efficacy or a reduction in
room time. Test characteristics of CT-
guided biopsy and catheter drainage were
so good that they were difficult to im-
prove. Needle placement time was re-
duced, however. This is probably because
CT fluoroscopy helped target more effec-
tively. CT fluoroscopy likely helped avoid
errors in targeting owing to patient move-
ment or breathing.

The inability to reduce room time was
in part because room time at our institu-
tion included many aspects of the proce-
dure unrelated to needle placement,
which was the only aspect of the proce-
dure affected by this new technology.
Although we were able to demonstrate a
significantly shorter needle placement
time with use of CT fluoroscopy, the
reduction was only 7 minutes, and its
effect on room time was lessened by the
fact that our room times averaged approxi-
mately 90 minutes.

There are two major factors that con-
tributed to the length of our room times.
First, intraprocedural time was used to
teach trainees. Second, cytologists ren-
dered a preliminary interpretation of all
biopsy results. This process added approxi-
mately 10–20 minutes.

Because the study was performed within

weeks of the equipment’s installation,
there was probably a start-up or learning
factor that prolonged needle placement
time, as well as the entire procedure. It is
possible that with more experience,
needle placement time could be short-
ened further. Also, our needle placement
time included acquisition of the initial
localizing spiral CT scan. With CT fluoros-
copy, targeting could have begun by plac-
ing the needle over the patient and scan-
ning the region to determine the puncture
site. This method may have resulted in
shorter needle placement time but prob-
ably would have required more CT fluo-
roscopy and therefore more radiation ex-
posure to personnel.

CT fluoroscopy has been reported to
reduce procedure times (17). Although
the absolute reduction in procedure time
reported by others was similar to ours, it
was considered significant because their
definition of procedure time did not in-
clude the entire time the patient was in
the procedure room (17). It is difficult to
compare procedure times between stud-
ies because the definition of procedure
time (eg, start time, end time, included
components of the procedure) differs.
Furthermore, procedure times are a result
of numerous factors, including procedure
type, level of difficulty of the procedure,
operator experience, and whether and
how much time is used to train residents
and fellows.

Our study results demonstrated the
potential for high dose. The mean pa-
tient dose index was 74 cGy. As a compari-
son, the CT dose index during two needle-
tip localizing spiral abdominal CT scans
(120 kVp, 240 mA, 10-mm collima-
tion, pitch of 1, 6 seconds) would be
approximately 6 cGy delivered to 6 cm
of tissue. Our mean CT fluoroscopy time
with use of the real-time method (90
seconds) is comparable to the scanning
times reported by others (9,10,12,14,16).
The patient dose during CT fluoroscopy
could have been reduced with shorter
CT fluoroscopy times and lower CT
dose parameters (ie, lower tube voltage,
lower tube current, and thinner collima-
tion).

During our initial 6-month experience,
the patient dose decreased progressively
as the use of lower CT parameters was
adopted (Figs 4, 6). We now believe that
the lower CT parameters (80 kVp and 135
mA) would be qualitatively satisfactory in
most upper abdominal cases in which the
arms can be raised cephalad to the imag-
ing plane (Fig 7). The higher CT param-
eters of 120 kVp and 50 mA would be
satisfactory in the remainder of cases
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(Fig 8). Currently, when a tube voltage of
120 kVp is used, we no longer use tube
currents of 70 and 90 mA; we begin by
using settings of 80 kVp and 135 mA, and
sometimes lower, and a tube voltage of
120 kVp and a tube current of 50 mA only
when necessary. Thinner collimation may
be used if the increased noise that results
from thinner sections does not prevent
the ability to target the lesion.

Our study results demonstrated that
our personnel likely received high expo-
sures. The estimated mean personnel ex-
posures per procedure at 10 cm for the
hand and 100 cm for the neck or body of
78.6 µC/kg (305 mR) and 2.6 µC/kg (10
mR), respectively, are comparable with
the personnel exposures reported during
cardiac catheterization (22). At a maxi-
mal permissible dose of 500 mSv (50 rem)
to the hands per year, 164 CT fluoro-
scopic procedures would be allowed. Simi-
larly, at a maximal permissible dose of 50
mSv (5 rem) to the body per year, 481
procedures would be allowed.

There are ways to reduce radiation ex-
posure to personnel by using needle hold-
ers that remove the hands from the beam.
One such needle holder removes the
hands 4 cm from the beam (9). In our
method, we used a towel clamp that
removed the hands approximately 10 cm
from the beam. We found this method
effective and inexpensive for holding and
guiding the needle. However, there were
times when the needle became dislodged
from the clamp, and at other times it was
difficult to exert sufficient inward force.
Further research in needle holder develop-
ment is warranted, with the goal of remov-
ing the hands as much as possible while
maximizing tactile feedback and the abil-
ity to maneuver the needle (9,15).

Although we did not use it during the
study, we currently are using a lead drape
positioned over the patient immediately
caudad to the cutaneous access site be-
cause it has been shown to reduce scatter
exposure to personnel significantly (20).
The patient radiation dose and potential
exposure to the CT fluoroscopist that we
report are considerably lower than those
previously reported with use of the same
model scanner (17). However, our phan-
tom-derived dose rates are consistent with
the manufacturer’s specifications.

Our report describes two basic guid-
ance methods of using CT fluoroscopy
and their implications for radiation expo-
sure. Others have used methods similar to
our real-time method (2–17). Because of
the possibility of high radiation expo-
sures when using CT fluoroscopy to ei-
ther continuously or intermittently view

an advancing needle, we developed and
evaluated the quick-check method to re-
duce radiation exposure. The quick-check

method, which uses less CT fluoroscopy
time, used less radiation than the real-
time method but was used in slightly

Figure 5. Graph shows that the mean CT fluoroscopy times for each of the 6 monthly periods
decreased only slightly after an initial increase. CTF 5 CT fluoroscopy.

Figure 6. Graph demonstrates the relative distribution of chosen CT parameters for each of the 6
monthly periods and shows the gradual decrease in the use of the higher dose parameter of 120 kVp and
90 mA and the increase in the use of the relatively lower dose parameter of 120 kVp and 50 mA. Black
bar 5 120 kVp and 50 mA, dotted bar 5 80 kVp and 135 mA, gray bar 5 120 kVp and 90 mA, and white
bar 5 80 kVp and 75 mA, 80 kVp and 105 mA, 120 kVp and 70 mA, and 140 kVp and 43 mA.
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larger targets. Another factor contribut-
ing to the lower mean dose in the quick-
check group may be that the relatively
lower dose exposure parameters of 80
kVp and 75 mA or 80 kVp and 135 mA
were more likely to be used with this
method, and the higher dose parameters
of 120 kVp and 90 mA were more likely to
be used with the real-time method. Radi-
ologists may have preferred the param-
eters of 120 kVp and 90 mA when using
the real-time method because the lesions
were smaller in this group.

The same targeting methods are used
with the quick-check method as with
conventional CT, but needle-tip location
can be more easily and quickly checked
with a short CT fluoroscopic scan and the
in-room monitor (Fig 3). Large targets
also afford the use of lower CT dose
parameters because, given a fixed target-
to-background contrast-to-noise ratio,
they are easier to visualize. It is possible in
some cases to use the quick-check method
to view the position of a drainage cath-
eter with the stiffening cannula in place
when entering anteriorly, or posteriorly
in a patient in the prone position (Fig 9).
This is not possible with many CT sys-
tems, as there is not enough space to fit
the catheter in the gantry, particularly
with side entries. The quick-check method
can be used to image the catheter after
the stiffening cannula has been removed
and during catheter placement with use
of the Seldinger technique (Fig 10).

We found the real-time method advan-
tageous for small or deep targets because

the operator can view the needle inser-
tion throughout and make adjustments
en route to redirect toward the target or
to avoid intervening structures (Fig 2).
We preferred this method when targeting
small (less than 5 cm) targets. We also
found the real-time technique helpful in
cases in which an out-of-plane, angled
approach to the lesion was required.
When the needle is angled, the tip may
be followed by using the joystick to posi-
tion the table, and therefore the scanning
plane, at the tip and move the table to
follow the tip as it is advanced. In addi-
tion, the gantry may be angled during CT
fluoroscopy. As expected with the real-
time method, however, longer CT fluoros-
copy times (mean, 90 seconds), or a mean
patient dose of 85 cGy and a mean person-
nel hand exposure as high as 78.6 µC/kg
(305 mR), were used. The long CT fluoros-
copy times were likely due to more diffi-
cult cases. Therefore, the cost of using the
real-time method was significantly higher
radiation exposure to both patients and
personnel.

Our patient dose index and personnel
exposure values are reference doses, that
is, they represent maximal values and
provide a basis for comparisons between
devices or protocols. The actual patient
doses were lower because the CT fluoro-

scopic table is moved about the needle,
and therefore CT fluoroscopy did not
occur always at the same location. The
case in which the highest mean patient
dose index was estimated is an overestima-
tion because four different body regions
were scanned. We have no information
regarding patient location during CT fluo-
roscopy and could not estimate the mag-
nitude of dose reduction. More accurate
estimates of patient dose could be pro-
vided by obtaining a record of patient
locations during CT fluoroscopy or by
estimating skin exposures by using ther-
moluminescent dosimetry, or TLD, mea-
surements. To further evaluate personnel
exposure, we now wear ring radiation
badges from which we can measure radia-
tion exposure.

To optimize the use of CT fluoroscopy
for this initial evaluation, we chose con-
servative estimates of patient dose and
personnel exposure. Also, as noted ear-
lier, our study was conducted soon after
the arrival of the equipment. These fac-
tors would tend to increase CT fluoros-
copy times, and hence radiation expo-
sures, and room times. The learning curve
associated with new technology also likely
affected the choice of CT dose parameters
during the procedures, with higher doses
used more often initially.

Figure 7. Image obtained during CT fluoros-
copy–guided biopsy of a liver metastasis with
use of the quick-check method. The liver lesion
(arrowheads) is visualized well enough to be
targeted with use of 80 kVp, 135 mA, and
5-mm collimation.

Figure 8. Images obtained during CT fluoroscopy–guided needle
aspiration of a pelvic hematoma. Initial nonfluoroscopic spiral CT
scan (upper left) shows the hematoma (arrowhead) well. However,
with use of CT fluoroscopy, the artifact of the pelvic bones prevented
adequate visualization of the target at 80 kVp, 75 mA, and 5-mm
collimation (upper right). The lesion was targeted successfully with
120 kVp, 50 mA, and 5-mm collimation (lower left and lower right).
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The comparison of the quick-check and
real-time methods may have been af-
fected by selection bias. Radiologists chose
the real-time method when targeting
small masses, as shown by results of statis-
tical comparison of lesion sizes in both
groups, and they probably chose the real-
time method when performing techni-
cally difficult procedures. These factors
tended to increase CT fluoroscopy times
in the real-time group.

In conclusion, use of CT fluoroscopy
reduced the time required to target ab-
dominal masses and fluid collections.
While it did not reduce the CT procedure
room time or improve the already high
efficacy of conventional CT–guided bi-
opsy, it has been embraced enthusiasti-
cally by our interventional team because
of its ease of use and because it facilitates
the performance of difficult abdominal
interventions. Although CT fluoroscopy
is a useful targeting technique, because
significant radiation exposures may re-
sult, radiologists need to be aware of
different methods of CT fluoroscopic
guidance and the factors that contribute
to radiation exposure.

Because radiation exposures to both
patient and personnel were high in our
study, we now recommend use of CT

fluoroscopy in selected cases and use of
the quick-check method whenever pos-
sible. However, the real-time method is a
useful way to target small or deep targets.
In this case, the lowest possible CT param-
eters necessary to view the target should
be used. A comprehensive educational
program of the potentially high patient
and personnel exposures should be imple-
mented to teach radiologists, nurses, and
technologists. Use of lead drapes on the
patient (20) or needle holders (9,15) and
development of ways to reduce radiation
exposure at the time of image acquisition
(23) are warranted.
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