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Radiation Reduction in Low Dose Pulsed Fluoroscopy versus Standard 
Dose Continuous Fluoroscopy during Fluoroscopically‑Guided Lumbar 
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The fluoroscopic X‑ray beams for FGLP can be 
produced in either a continuous or a pulsed fashion. 
Changing the tube dose output (instantaneous dose 
rate; mGy/s) or the number of frames per second (fps) or 
both will change the cumulative radiation dose.[4] FGLP 
is operator dependent, and the radiologist should try to 
keep both parameters as low as possible; in a way that 
the radiologist’s clinical confidence is not degraded by 

Introduction

Lumbar puncture  (LP) is generally performed using 
anatomic landmarks, however, in some cases, such 

as large body habitus or significant lumbar spondylosis, 
these methods are unsuccessful, and image guidance 
is required.[1] Fluoroscopically‑guided  (FGLP) is an 
effective alternative to bedside LP as it can visualize 
the bony structures and guide the operator to accurately 
place the needle in the spinal canal in real time.[2] FGLP 
is a common neuroradiologic procedure, with the main 
disadvantage of ionizing radiation that can lead to 
cumulative radiation doses, potentially increasing the 
long‑term risk of cancer.[3]
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Purpose: The purpose of this study was to evaluate radiation dose reduction in 
fluoroscopically guided lumbar punctures  (FGLP) using “pulsed fluoroscopy 
in a low dose mode” compared with the commonly used “continuous 
fluoroscopy in a standard dose mode” while maintaining the technical success. 
Materials and Methods: Thirty‑five consecutive patients who underwent 
FGLP divided randomly to seventeen patients in the control group with 
standard dose continuous FGLP and eighteen patients in the study group 
with low‑dose low‑frame‑rate of 3 frames per second  (fps) FGLP. Entrance 
surface dose measurements from a dosimeter device were recorded as well as 
the dose area product  (DAP). Results: A  total of 35  patients with average age 
of 52  years (range: 15–87  [±17 standard deviation  [SD]]) were evaluated. 
Average entrance surface dose of the study group was significantly lower 
(3.81 mGy [range: 0.21–11.14,  [±2.8 SD]]) compared with the control group 
(22.45 mGy  [range: 1.23–73.44,  [±19.41  [SD]]). The average DAP of the study 
group (10 mGy·cm2 [range: 1–41, [±9.8 SD]]) was also significantly lower than the 
control group  (65 mGy·cm2  [range: 5–199,  [±53 SD]]). Success rate was similar 
between the study and control groups. Conclusion: Low dose pulsed fluoroscopy 
of 3 fps significantly reduces radiation exposure by about 600% compared with 
standard dose continuous fluoroscopy in FGLP. Utilizing this radiation saving 
strategy will allow to dramatically reduce radiation exposure, without impacting 
the technical success rate.

Keywords: Fluoroscopy, lumbar puncture, radiation

A
bs

tr
ac

t



Sabat and Slonimsky: Radiation reduction in fluoroscopically‑guided lumbar punctures

2 Journal of Clinical Imaging Science  ¦  Volume 8  ¦  2018

the inadequate image quality. Selecting and using the 
fluoroscopic dose rate and frame rate that optimizes the 
balance between aspects of image quality and the patient 
dose is important to patient management.

The default mode in most fluoroscopic machines is the 
continuous mode which has a frame rate of about 30 fps. 
Such high rates while useful for temporally changing 
information as in angiography is wasteful for static 
structures such as the spine, and result in unnecessary, 
harmful radiation to the patient as well as the physician 
operator. Early studies did not find significant dose 
reduction in pulsed compared with continuous 
fluoroscopy due to the ‘‘ramp and trail effect’’ of older 
X‑ray tubes. However, newer X‑ray tubes can now 
deliver a more uniform current in a pulsed fashion that 
reduces radiation dose.[5]

To the best of our knowledge, no previous study has 
compared radiation dose received in the continuous 
mode with the pulsed mode in FGLPs. The purpose of 
this study was to evaluate whether this change of mode 
would result in a radiation dose reduction and to evaluate 
the feasibility and technical success rate.

To further reduce radiation doses, we performed the 
“pulsed fluoroscopy in a low dose tube output” setting 
and compared it to the usual default of “continuous 
fluoroscopy in a standard dose tube output” setting.

Materials and Methods
The present study was approved by the Local Institutional 
Review Board.

Patient population
The study was carried out as a randomized control study 
without any blinding.

Thirty‑seven consecutive patients who underwent 
FGLP at our institution from May 1, 2011 to July 30, 
2011  (3  months) were included in our study. The first 
19  patients were allocated for the control group and the 
following 18  patients constituted the study group. Two 
patients from the control group were excluded due to 
technical measurements failure.

FGLPs were performed in the fluoroscopy suite on adult 
outpatients, inpatients, and emergency room (ER) patients.

As per the standard policy in the radiology department, 
inpatients and ER patients had at least one failed attempt 
at bedside LP.

Procedure technique
Following a written informed consent for the LP 
procedure and for participating in the study, all patients 
underwent FGLP in the prone position by using a 

standard fluoroscopy machine unit (Philips Super 80 CP) 
in the fluoroscopy suite.

A radiopaque BB marker was taped to an optically 
stimulated luminescent  (OSL) dosimeter  (Landauer, 
Glenwood Illinois) which was then taped to the patients’ 
abdomen above the umbilicus along the patients’ 
centerline. The marked device position was evaluated 
and corrected to prevent overlap with the LP access 
site and to assure presence in the radiation field during 
the entire procedure. This OSL measured the entrance 
surface radiation dose.

The fluoroscopy setting was designed to be on 
continuous mode  (30 fps) for the control group as the 
standard care used in our institution, and on pulsed mode 
(3 fps) for the study group  [Figure 1]. To further reduce 
the radiation dose, we also changed the tube output in 
the study group, from a standard mode to low‑dose 
mode. The tube output for the control group was kept at 
standard dose. We avoided the pediatric dose mode due 
to consensus opinion that the images were too noisy for 
high body mass index (BMI) patients. Positioning time of 
the fluoroscopy tube was also included in the calculations 
and were performed by the radiologist.

FGLPs were performed using techniques as dictated by the 
American Society of Neuroradiology  (ASNR) guidelines 
and American College of Radiology – ASNR –Society for 
Pediatric Radiology  (ACR‑ASNR‑SPNR) parameters.[6] 
Under fluoroscopy, the X‑ray tube was maneuvered to 
an oblique orientation to optimize the view of the 
lumbar interlaminar spaces. The lumbar spinal canal 
was accessed using strict aseptic technique mostly at the 
L2–L3 or L3–L4 level but also at the level of L4–5 and 
L5–1S. A  3.5 inch or 5.0 inch beveled tip 22G spinal 
needle was advanced into the lumbar spinal canal using 
intermittent fluoroscopy until egression of CSF fluid 
after the removal of the stylet, confirmed access to the 
thecal sac.

Figure 1: The fluoroscopy settings for control (a) and study (b) groups.
ba
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A Scout film was avoided in all (control as well as study 
group) but 2  cases where it was inadvertently taken by 
radiologic technicians despite being asked not to; but 
the dosimeter had not been placed by then. Fluoroscopic 
image grab was used to document the position of the 
needle and film exposures were avoided. Collimation was 
kept as minimum necessary to perform the procedure 
while including the dosimeter in the direct radiation field. 
When myelogram was performed following FGLP, the 
dosimeter was removed prior to tracking the contrast or 
taking films, and hence, dosimeter measured only the 
fluoroscopic radiation related to the lumbar puncture. 
Hence for overall data analysis and conclusion purposes, 
the myelograms could be considered FGLPs.

FGLPs were performed by diagnostic radiology residents 
or neuroradiology fellows, under the supervision 
of a neuroradiology attending or directly by an 
attending  (attending experience in FGLPs ranged from 2 
to 15 years).

Following the procedure, the skin dosimeter was removed 
and analyzed using the Landauer microStar dosimeter 
reader with the 80 kVp X‑ray calibration setting.

Data collection
A standard LP reporting template was used by all 
providers performing and reporting FGLPs in the 
Neuroradiology Department.

Demographic data including patient’s age, BMI, and 
gender were recorded. The clinical indication, level 
of procedure, needle size, operator’s training level, 
fluoroscopy setting, fluoroscopy time  (FT), and dose 
area product (DAP) were recorded. The primary operator 
was assumed to be the most junior operator. Dose 
measurements from the dosimeter device were recorded 
as well.

Raw data were imported into the STATA statistical 
software for visualization and statistical analysis. 
Continuous variables were described as a 
mean ± standard deviation (SD) and categorical variables 
as frequencies (percentage).

Two sided t-test was performed for continuous variable 
and nonparametric test was performed for categorical 
variables. Linear regression was performed for two sided 
t‑test for body‑dose and DAP. P  ≤ 0.05 was defined as 
the threshold for statistical significance.

Results
A total of 37  patients  (15  males and 22  females) with 
an average age of 52 years (range: 15–87 [±17 SD]) had 
undergone FGLPs in our institution. Of them, 2  cases 
were excluded from statistical calculation; one due to 

using a higher pulse rate and one because the dosimeter 
was not included in the field of view.

The control group consisted of 17 consecutive patients 
undergoing standard dose continuous FGLPs and 
the study group consisted of 18 consecutive patients 
undergoing low dose pulsed FGLPs. No significant 
demographic differences were found between the 
study and control groups. Table  1 shows the baseline 
characteristics of the study and the control group.

A total of 20 FGLPs  (57%) were performed for an 
indication of LP and 15 FGLPs  (43%) were performed 
for the indication of myelogram. FGLP were mostly 
performed in levels in L2–L3 and L3–L4  (n = 30, 85%) 
and were not significantly different between control and 
study group. More FGLPs were performed at lower levels 
in the study group L4–5 and L5–S1 (n = 5, P < 0.05).

The mean FT was longer in the control group (39 s vs. 32 s), 
but this was not statistically significant  (P  =  0.37). Two 
patients from the control group required two puncture 
sites to complete the procedure, and their FT was not 
significantly longer compared to the rest of the patients 
who underwent puncture at only one site. Eighty‑two 
percent of FGLPs were performed by diagnostic 
radiology resident/neuroradiology fellow supervised by an 
attending (12:17, control: Study), and 18% were performed 
using a neuroradiology attending (5:1, control: Study).

The average entrance surface dose for the control 
group was 22.45 mGy  (range: 1.23–73.44, 
[±19.41 SD]) and for the study group was 3.81 mGy 
(range: 0.21–11.14,  [±2.8 SD]). The average DAP 
for the control group was 65 dGy·cm2  (range: 5–199, 
[±53 SD]) and for the study group was 10 dGy·cm2 
(range: 1–41, [ ±9.8 SD]) [Table 2].

Table 1: Baseline characteristics of patients in the 
control and study groups

Control Pulsed P
Age (years) 54.58 50.22 0.46
Gender (male: female) 7:10 8:10 0.89
BMI 30.0 30.8 0.75
Procedure

Lumbar puncture 9 11 0.63
Myelogram 8 7

Site of interventiona

L2-L3 11 7
L3-L4 6 6
L4-L5 0 3 0.047
L5-S1 0 2 0.047

Two sites used (n) 2 0 0.14
FT (s) 39 32 0.37
aLowest site, if two sites attempted. BMI: Body mass index, 
FT: Fluoroscopy time
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Unadjusted entrance surface dosage received was 
significantly lower among the study group compared 
with the control group  (3.81  vs. 22.45, P  <  0.001). 
This represents a very significant 5.9  times 
reduction  (approximately 600%) of entrance surface 
dose  [Table  2]. Similarly, DAP was significantly lower 
among the study group compared with the control 
group  (10  vs. 65, P  <  0.001); which is a 6.5  times 
reduction in dose.

The fluoroscopy mode had the strongest influence on the 
significant dose reduction between the study and control 
groups. The FT had a significant positive coefficient 
on the dose reduction but negligible compared to the 
fluoroscopy mode [Tables 3 and 4].

Technical success rate was similar in both the study 
and the control group. In both groups, there was not 
any failure to perform the procedure. Assessment of the 
quality of images was only qualitative and was done 
during the procedure by the performing physician.

Discussion
FGLPs has been increasing in the past two decades with 
radiology now being the overall dominant provider.[7] 
There are very few studies evaluating radiation reducing 
strategies in FGLPs. One of the strategies is changing 
from continuous fluoroscopy mode to pulsed fluoroscopy 
mode, which has been known as a radiation sparing 
technique, but has never been validated in FGLPs.[8] 
The study results show a significant dose reduction with 

similar clinical outcomes and success rates. We suggest 
that this common procedure can be safely and easily 
performed using low dose pulsed fluoroscopy mode.

Our results show that the FT was longer in the control 
group compared with the study group, but this was not 
statistically significant  (P  =  0.37). Even though most of 
the examinations in the control group were performed 
by an attending, while most studies in the study group 
were performed by a trainee, the FT was longer in the 
control group. This is indeed in contrast to previous 
results which found inverse relation between the level of 
training and the FT.[7] We attribute the slightly longer FT 
in the control group to two cases requiring LP punctures 
at two lumbar spine levels.

BMI of the patients in this study was over  30 in 
both the study and the control groups and was not 
significantly different. This result is in correlation with 
previous studies indicating an overall increase in FGLPs 
performed by radiologists in the past two decades 
mostly due to the indication of obesity.[9] Obese patients 
present with multiple potential difficulties with longer 
FT for LP access, limited ability to visualize bony 
landmarks, particularly as the radiation dose decreases, 
and the absence of anatomical landmarks with increasing 
subcutaneous fat.[10] Patients in the study and control 
groups had nearly identical BMI which removes any bias 
of one group being more difficult than the other.

Pulsed fluoroscopy was initially developed to decrease 
patient FT by reducing the number of exposures per 
second. Early fluoroscopy units, however, produced 
pulses with a ‘‘ramp and trail’’ effect  (bell‑shaped curve 
of increasing and decreasing current) which increased 
the radiation dose per pulse causing conventional 
pulsed fluoroscopy to offer minimal dose savings over 
continuous fluoroscopy.[5] Newer X‑rays units minimize 
the “ramp and trail effect” and produce an image at a set 
amount of radiation and reduce the exposure time.[11] This 
technology potentially reduces radiation exposure with a 
lower pulse rate while maintaining image contrast.[12]

To the best of our knowledge, no previous study 
has directly compared radiation dose received in the 
continuous mode and the pulsed mode in FGLPs. We 
revealed a significant dose reduction in radiation dosage 
between low dose pulsed fluoroscopy compared with 
standard dose continuous fluoroscopy. Usually, the 
radiation doses per second are higher in the pulsed mode 
versus the continuous mode and the increased number 
of pulses per pedal depression in the continuous mode 
accounts for the overall greater radiation dose. We 
wanted to evaluate whether additional radiation saving 
strategy  (low dose) can be applied without affecting the 

Table 3: Linear regression on dosimeter doses (mRads)
Coefficient 95% CI P

Fluoroscopy method −1491.84 −2425.85-−557.83 0.003
Age −7.468 −38.61-23.67 0.625
Gender 364.85 −604.73-1334.43 0.445
BMI 19.746 −42.85-82.35 0.521
Procedure ‑ FGLP 484.41 −427.64-1396.47 0.284
Injection site

L3-L4 −350.48 −1419.06-718.09 0.505
L4-L5 17.944 −1579.41-1615.30 0.982
L5-S1 −504.77 −2512.27-1502.72 0.609

FT 41.51 15.3502-67.68 0.003
FGLP: Fluoroscopically guided lumbar punctures, BMI: Body 
mass index, CI: Confidence interval, FT: Fluoroscopy time

Table 2: Average radiation doses of the control and study 
groups
Control 

group (range)
Study group

Entrance surface 
dose (mGy)

22.45 (1.23-73.44) 3.81 (0.21-11.14)

DAP (dGy·cm2) 65 (5-199) 10 (1-41)
dGy=100 mGy. DAP: Dose area product
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technical success of the procedure. Moreover indeed, the 
image quality and technical success were not significantly 
different between the study and control groups. We 
cannot estimate as to how much the radiation dose 
reduction was due to the used of pulsed fluoroscopy and 
how much is attributed to the low dose technique. This 
matter can be evaluated in further studies differentiating 
these two techniques of dose reduction.

Brook et  al. have evaluated the radiation doses of 
FGLP while comparing them to computed tomography 
guided LPs, and found a mean DAP of 10  Gy  ×  cm2 
and average estimated effective dose of 2.9 mSv.[13] Our 
radiation results were similar, especially when looking 
at the study group, while the radiation results of the 
control group were significantly higher. The fluoroscopy 
mode (continuous/pulsed) was not detailed in their study 
while other radiation reducing strategies were used. 
Therefore, we suggest that using the low dose pulsed 
techniques can be safely used for FGLPs.

One potential limitation of pulsed fluoroscopy is a 
potential loss of diagnostic information. High frames 
rate is usually useful for dynamic procedures where 
the data changes rapidly. However, where neither the 
patient nor the anatomic part being imaged is moving 
fast, a low frame rate should suffice. FGLP is a study 
with minimal temporal change, which makes low rate 
pulsed fluoroscopic examinations very feasible with high 
successful outcome of the procedure. Image quality, 
although inferior, resulted in success rate of 100% in 
both control and the study group [Figure 2].

We also were able to perform most of the studies without 
using scout films for guidance in the study as well as 
control groups. A  fluoroscopic last image grab was used 
for initial guidance and planning without exposing the 
patient to more radiation.

There are some limitations to this study. The study 
involved a single center, relatively small study group 

and the operators were not blinded to which mode of 
operation they were using. Moreover, the operators were 
not homogeneous among the study and control group. 
Despite these limitations, this study reveals that pulsed 
fluoroscopy dramatically reduces exposure compared with 
continuous fluoroscopy. This study also demonstrates that 
low rate fluoroscopy produced images that are adequate 
to perform FGLP with high success rates.

To the best of our knowledge, only one previous study 
performed on patients undergoing percutaneous urologic 
procedures has demonstrated decreased entrance surface 
dose radiation by changing default setting on fluoroscopic 
equipment from continuous to pulsed radiation and the 
default tube output dose to half‑dose.[14]

Conclusion
Low dose pulsed fluoroscopy of 3 fps with a low‑dose 
tube output significantly reduces radiation exposure 
by means of almost 600% compared with the default 
standard dose continuous fluoroscopy in FGLPs. Utilizing 
this radiation saving strategy will allow to dramatically 
reduce radiation exposure, while maintaining success 
rate. We strongly recommend the use of the lowest 

Table 4: Linear regression on dose area product
Coefficient SE t P 95% CI

Fluoroscopy method −44.72 14.65 −3.05 0.005 −74.97-(−14.47)
Age −0.37 0.49 −0.08 0.940 −1.04-0.97
Gender −7.41 15.21 −0.49 0.631 −38.81-23.99
BMI 0.103 0.98 0.11 0.917 −1.92-2.13
Procedure ‑ FGLP 25.48 14.31 1.78 0.088 −4.055-55.02
Injection site

L3-L4 6.26 16.77 0.37 0.712 −28.34-40.888
L4-L5 10.46 25.06 0.42 0.680 −41.27-62.20
L5-S1 2.96 31.50 0.09 0.926 −62.05-67.985

FT 0.88 0.41 2.15 0.042 0.03-1.72
FGLP: Fluoroscopically guided lumbar punctures, BMI: Body mass index, CI: Confidence interval, FT: Fluoroscopy time, SE: Standard 
error

Figure 2: Fluoroscopically‑guided lumbar puncture of the control  (a) 
and study (b) groups. Images quality was sufficient for the procedure.

ba
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available frame rate and in a low‑dose mode setting 
when performing FGLP.
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