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Background: Limited studies have reported on radiation risks of increased ionizing radiation exposure 
to medical personnel in the urologic community. Fluoroscopy is readily used in many urologic surgical 
procedures. The aim of this study was to determine radiation exposure to all operating room personnel 
during percutaneous nephrolithotomy (PNL), commonly performed for large renal or complex stones.
Materials and Methods: We prospectively collected personnel exposure data for all PNL cases at two academic 
institutions. This was collected using the Instadose™ dosimeter and reported both continuously and categorically 
as high and low dose using a 10 mrem dose threshold, the approximate amount of radiation received from 
one single chest X-ray. Predictors of increased radiation exposure were determined using multivariate analysis.
Results: A total of 91 PNL cases in 66 patients were reviewed. Median surgery duration and fluoroscopy time 
were 142 (38–368) min and 263 (19–1809) sec, respectively. Median attending urologist, urology resident, 
anesthesia, and nurse radiation exposure per case was 4 (0–111), 4 (0–21), 0 (0–5), and 0 (0–5) mrem, 
respectively. On univariate analysis, stone area, partial or staghorn calculi, surgery duration, and fluoroscopy 
time were associated with high attending urologist and resident radiation exposure. Preexisting access that 
was utilized was negatively associated with resident radiation exposure. However, on multivariate analysis, 
only fluoroscopy duration remained significant for attending urologist radiation exposure.
Conclusion: Increased stone burden, partial or staghorn calculi, surgery and fluoroscopy duration, and 
absence of preexisting access were associated with high provider radiation exposure. Radiation safety 
awareness is essential to minimize exposure and to protect the patient and all providers from potential 
radiation injury.
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thermoluminescent	 detector	 (TLD)	 but	 instead	 permits	
immediate readings after each case with a lower limit of  
detection	of 	1	mrem	(0.01	mSv)	and	a	minimum	reportable	
dose	 of 	 3	mrem	 (0.03	mSv).	A	USB	 compatible	 detector	
enables device readings via personal computer. Accumulated 
dose	stored	on	Instadose™	is	processed	through	a	proprietary	
algorithm.	No	control	badge	is	required	because	background	
exposure is accounted for and removed through this algorithm.

PNL	was	carried	out	using	previously	described	techniques.[8] 
Following each case, the device was read and the amount of  
radiation recorded. This reading erased the previous exposure, 
resetting the dosimeter, and allowing it to be reused for each 
subsequent case.

The	study	was	conducted	as	a	quality	improvement	study.	Patient	
demographic	data	including	age,	body	mass	index	(BMI),	and	
gender	 were	 recorded.	 Preoperative	 radiographic	 imaging	
was utilized to determine stone location, stone type, stone 
burden (defined as the sum of  the greatest axial cross‑sectional 
areas of  the stones as viewed on preoperative excretory urogram 
or noncontrast computed tomography), and presence of  
hydronephrosis.	Perioperative	data	including	presence	of 	access	
preoperatively, utilized preoperative access, obtainment of  
additional access despite the presence of  access preoperatively, a 
number of  access obtained, surgery duration, fluoroscopy time, 
and intraoperative surgical complications were also collected.

Statistical	tests	were	performed	using	Statistical	Package	for	the	
Social	Sciences	(version	22.0,	Chicago,	IL,	USA).	Descriptive	
data are presented as total numbers (percentages) and 
medians	(range)	unless	otherwise	noted.	Patient	demographics	
and perioperative characteristics were compared between the 
two sites using independent t‑tests, Mann–Whitney U, or 
Chi‑squared tests as appropriate. Radiation exposure was 
transformed	 into	 a	binary	 variable	with	≥10	mrem	 (or	 the	
amount	of 	radiation	received	from	one	single	chest	X‑ray)	as	
significant for high exposure; radiation exposure <10 mrem 
was considered low exposure.[9] Univariate analyses using 
Mann–Whitney U or Chi‑squared tests were performed as 
appropriate to determine the candidate predictors of  radiation 
exposure (P < 0.05). Multivariate analysis using binary 
logistic regression models was then performed to determine 
associations between radiation exposure and the candidate 
predictors.	Significance	was	set	at	two‑tailed	P‑value of  0.05.

RESULTS

A total of  91 cases from 66 unique patients were included in 
this	study.	Mean	age	was	51	years,	median	BMI	was	29.7	kg/m2, 
and	54%	of 	cases	were	female.	Demographic	information	is	
shown in Table 1.

INTRODUCTION

Percutaneous	nephrolithotomy	(PNL)	is	commonly	performed	
for large or complex renal stones. Fluoroscopy remains the 
mainstay of  intraoperative imaging worldwide.[1] Unfortunately, 
fluoroscopy predisposes both patients and providers to 
ionizing	radiation.	Extensive	literature	has	evaluated	the	risk	of 	
radiation exposure to patients and surgeons during fluoroscopic 
procedures.[2,3] Continued efforts have been made to improve 
the efficient use of  fluoroscopy and decrease radiation exposure 
in the operating room.[1,4,5]

Limited	 studies,	 however,	 have	 reported	 on	 the	 risks	 of 	
increased radiation exposure to medical personnel in the 
urologic community. Throughout their career, providers may 
perform hundreds to thousands of  procedures requiring 
radiation,	 subjecting	 them	 to	 increasing	 cumulative	 radiation	
dose and increasing the chances of  stochastic effects. A previous 
retrospective study by Cohen et al. demonstrated that the 
9‑month total radiation exposure of  an experienced academic 
urologist	was	well	below	the	annual	accepted	limits	(50	mSv/year	
whole body).[6] Although these results provide some reassurance, 
there is technically no consensus on a negligent dose of radiation 
to	the	operator	and	patient.	Even	minor	amounts	of 	radiation	
exposure can potentially result in adverse effects.[7]	It	is	becoming	
increasingly important for the urologist to understand the 
principles of  radiation safety to provide protection to the 
health‑care staff  and patient, as well as the urologist. California 
state law now requires all surgeons performing cases utilizing 
fluoroscopy	to	be	 in	possession	of 	a	Fluoroscopy	Supervisor	
and	Operator	Permit	issued	by	the	state	Department	of 	Public	
Health, to ensure appropriate training regarding radiation 
exposure (26 California Code of  Regulations § 17‑30463).

In	this	study,	we	prospectively	examine	covariates	that	predict	
the radiation exposure to urologists and other operating room 
personnel	during	PNL	procedures.

MATERIALS AND METHODS

Between May 2013 and May 2014, fluoroscopy duration 
and radiation exposure of  various operating room personnel 
during	PNL	were	 prospectively	 collected	 from	2	 academic	
institutions:	University	 of 	California,	 San	Diego	 (UCSD)	
and	University	of 	Pittsburgh	Medical	Center	(UPMC).	All	
personnel wore lead aprons and thyroid shields during each 
procedure,	 as	 are	 standard	 of 	 care.	During	 each	 case,	 four	
different providers (urology attending physician, urology 
resident physician, anesthesia provider, and circulating nurse) 
wore	Instadose™	radiation	dosimeters	(Mirion	Technologies,	
Smyrna,	GA,	USA)	on	the	outside	of 	the	providers’	thyroid	
shields.	The	 Instadose™	 devices	 function	 similar	 to	 a	
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nephrostomy tube, 85% of  these cases (n = 39) utilized the 
preexisting access, whereas 15% (n = 7) had a new access. 
Moreover, in 7 patients with preexisting access, we utilized a new 
access	in	addition	to	the	preexisting	one.	Sixteen	percent	of 	cases	
were repeat or second‑look procedures. Thirty‑seven percent 
of  the patients presented with hydronephrosis on preoperative 
imaging. Median surgery duration and fluoroscopy time were 
142 (38–368) min and 263 (19–1809) sec, respectively. 
All accesses performed intraoperative were conducted under 
fluoroscopic guidance by the surgical team.

Twelve patients (13%) experienced complications. Five 
cases (5%) had a renal or ureteral perforation, one of  which 
required	termination.	Seven	additional	cases,	for	a	total	of 	9%,	
were terminated prematurely due to complications. Two of  
these were due to inability to obtain access, two due to difficult 
ventilation, one due to hypothermia, one due to ongoing 
bleeding, and one due to pneumothorax during attempted 
upper pole access.

Median radiation exposure for the attending urologist, resident, 
anesthesia, and circulating nurse was 4 (0–111), 4 (0–21), 
0 (0–5), and 0 (0–5) mrem, respectively, as shown in Table 3. 
Mean radiation exposure for the attending urologist, resident, 
anesthesia, and circulating nurse was 8.13 ± 1.62, 4.07 ± 0.48, 
0.28 ± 0.11, and 0.31 ± 0.12 mrem, respectively. The attending 
urologist	and	resident	experienced	high	radiation	(≥10	mrem)	in	
25.3% cases (n	=	23;	UCSD	=	10;	UPMC	=	13)	and	11.0%	
cases (n	=	10;	UCSD	=	4;	UPMC	=	6),	respectively.	Total	
attending	urologist	radiation	exposure	from	all	PCNL	during	
the	year	was	265	mrem	at	UCSD	and	475	mrem	at	UPMC.	
Total	resident	radiation	exposure	from	all	PCNL	during	the	year	
was	195	mrem	at	UCSD	and	175	mrem	at	UPMC.

Univariate analysis identified covariate predictors of  high 
(≥10	mrem)	 and	 low	 (<10	mrem)	 radiation	 exposure	
[Tables	4a	and	b].	Stone	area	(attending	urologist:	P	=0.02; 
resident:	 P	<0.01), partial or staghorn calculi (attending 
urologist:	 P	=0.02; resident:	 P	=0.03), surgery duration 
(P < 0.001), and fluoroscopy time (P < 0.001) were associated 
with attending urologist and resident radiation exposure. 
Preexisting	access	that	was	utilized	was	negatively	associated	
with resident radiation exposure (P = 0.03). All other covariates 
were not significant predictors of  radiation exposure. There 
were no significant associations between any covariates and 
anesthesia or circulating nurse radiation exposure.

Multivariate binary logistic regression analyses using significant 
variables from univariate analysis were performed on attending 
urologist [Table 5a] and resident radiation exposure [Table 5b]. 
On multivariate analysis, only fluoroscopy duration remained 
significant for attending urologist radiation exposure with 

Perioperative	characteristics	are	depicted	in	Table	2.	Ninety‑five	
percent of  stones were located in the kidney, with 48% being 
either partial or full staghorn calculi. Axial stone cross‑sectional 
area was 311 (12–2470) mm2. Ureteroscopy was also performed 
in	addition	to	PNL	in	41%	of	the	procedures.	Fifty‑one	percent	
of cases (n = 46) had previous access in the form of a preexisting 

Table 1: Patient demographics
Total (n=91) UCSD (n=53) Pittsburgh (n=38) P

Age (years) 51.2±1.4 51.2±2.0 53.6±1.9 0.414
BMI (kg/m2) 29.7 (16–56) 29.0 (16–56) 30.7 (19–40) 0.535
Sex, n (%)

Female 49 (54) 29 (55) 20 (53) 0.844
Male 42 (46) 24 (45) 18 (47)

BMI: Body mass index, UCSD: University of California, San Diego

Table 2: Perioperative characteristics
Total 

(n=91)
UCSD 
(n=53)

Pittsburgh 
(n=38)

P

Stone laterality, n (%)
Right 35 (39) 20 (38) 15 (40) 0.96
Left 43 (48) 26 (49) 17 (46)
Bilateral 12 (13) 7 (13) 5 (14)

Stone location, n (%)
Kidney 80 (88) 42 (79) 38 (100) 0.01
Ureter 5 (5) 5 (9) 0
Both 6 (7) 6 (11) 0

Partial/staghorn
No 47 (52) 30 (57) 17 (45) 0.26
Yes 44 (48) 23 (43) 21 (55)
Stone area 311 

(12–2470)
303 

(34–2200)
362 

(12–2470)
0.84

Type of surgery, n (%)
PNL 54 (59) 19 (36) 35 (92) <0.001
PNL+URS 37 (41) 34 (64) 3 (8)

Preoperative access, 
n (%)

No 45 (49) 25 (47) 20 (53) 0.61
Yes 46 (51) 28 (53) 18 (47)

Preoperative access – 
utilized, n (%)

No 52 (57) 30 (57) 22 (58) 0.90
Yes 39 (43) 23 (43) 16 (42)

Preoperative access+ 
new access, n (%)

No 77 (85) 41 (77) 36 (95) 0.02
Yes 14 (15) 12 (23) 2 (5)

New access, n (%)
No 33 (36) 17 (32) 16 (42) 0.33
Yes 58 (64) 36 (68) 22 (58)

Second look
No 76 (84) 46 (87) 30 (79) 0.32
Yes 15 (16) 7 (13) 8 (21)

Hydronephrosis, n (%)
No 57 (63) 36 (68) 21 (55) 0.22
Yes 34 (37) 17 (32) 17 (45)

Surgery duration (min) 142 
(38–368)

140 
(47–364)

143 
(38–368)

0.82

Fluoroscopy time (s) 263 
(19–1809)

191 
(37–720)

407 
(19–1809)

0.02

Surgical complications
No 79 (87) 42 (79) 37 (97) 0.01
Yes 12 (13) 11 (21) 1 (3)

UCSD: University of California, San Diego, PNL: Percutaneous 
nephrolithotomy, URS: Ureterorenoscopy
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Table 4a: Continuous variables: Univariate analysis
Attending Resident

<10 (n = 59) ≥10 (n = 22) P <10 (n = 72) ≥10 (n = 9) P

Age 52 (22–78) 54 (30–87) 0.45 52 (22–87) 58 (47–75) 0.25
BMI 29 (16–55) 30 (23–38) 0.43 29 (16–53) 39 (22–55) 0.42
Stone area (mm2) 262 (12–1904) 406 (34–2470) 0.02 293 (12–2200) 493 (331–2470) <0.01
Surgery duration (min) 125 (38–364) 196 (73–368) <0.001 132 (38–364) 203 (87–368) 0.001
Fluoro duration (s) 170 (19–729) 528 (141–1809) <0.001 207 (19–802) 678 (168–1809) <0.001

BMI: Body mass index

Table 4b: Categorical variables: Univariate analysis
Attending Resident

<10 mrem (n=58) ≥10 mrem (n=23) P <10 mrem (n=81) ≥10 mrem (n=10) P

Gender
Female 36 (53) 13 (56) 0.77 37 (46) 5 (50) 0.80
Male 32 (47) 10 (44) 44 (54) 5 (50)

Stone side
Right 23 (34) 12 (52) 0.30 29 (36) 6 (60) 0.35
Left 34 (51) 9 (39) 40 (50) 3 (30)
Bilateral 10 (15) 2 (9) 11 (14) 1 (10)

Stone location
Kidney 58 (85) 22 (96) 0.32 70 (86) 10 (100) 0.46
Ureter 4 (6) 1 (4) 5 (6) 0
Both 6 (9) 0 6 (7) 0

Partial/staghorn
No 40 (59) 7 (30) 0.02 45 (56) 2 (20) 0.03
Yes 28 (41) 16 (70) 36 (44) 8 (80)

Type of surgery
PNL 37 (54) 17 (74) 0.10 48 (59) 6 (60) 0.96
PNL+URS 31 (46) 6 (26) 33 (41) 4 (40)

Preoperative access
No 32 (47) 13 (57) 0.43 38 (47) 7 (70) 0.17
Yes 36 (53) 9 (43) 43 (53) 3 (30)

Preoperative access – utilized, n (%)
No 35 (52) 17 (74) 0.06 43 (53) 9 (90) 0.03
Yes 33 (48) 6 (26) 38 (47) 1 (10)

Preoperative access+new access, n (%)
No 60 (88) 17 (74) 0.10 69 (85) 8 (80) 0.67
Yes 8 (12) 6 (26) 12 (15) 2 (20)

Second look
No 55 (81) 21 (91) 0.24 66 (82) 10 (100) 0.14
Yes 13 (19) 2 (9) 15 (18) 0

Hydronephrosis
No 44 (65) 14 (61) 0.74 52 (64) 6 (60) 0.79
Yes 24 (35) 9 (39) 29 (36) 4 (40)

Surgical complications
No 61 (90) 18 (78) 0.16 71 (88) 8 (80) 0.50
Yes 7 (10) 5 (22) 10 (12) 2 (20)

PNL: Percutaneous nephrolithotomy, URS: Ureterorenoscopy

a 1‑min increase in fluoroscopy time associated with a 
22% increased risk of  high attending urologist radiation 
exposure (relative risk 1.22, 95% confidence interval 
1.03–1.44,	P	= 0.022). For resident radiation exposure, no 
covariates were significant on multivariate analysis.

DISCUSSION

Although reliance on fluoroscopy in surgery is increasing, 
physician knowledge of  radiation exposure and radiation 
safety is lacking.[10‑12] The utilization of  fluoroscopy introduces 

Table 3: Provider radiation exposure
Total 

(n=91)
UCSD 
(n=53)

Pittsburgh 
(n=38)

P

Attending 4 (0–111) 0 (0–52) 7 (0–111) 0.03
Resident 4 (0–21) 4 (0–16) 3.5 (0–21) 0.58
Anesthesia 0 (0–5) 0 (0–5) 0 (0–5) <0.01
Circulating RN 0 (0–5) 0 (0–5) 0 (0–5) 0.12

Means±SEM (just for your reference)
Attending 8.13±1.62 5.00±1.19 12.50±3.42 0.04
Resident 4.07±0.48 3.68±0.53 4.61±0.87 0.37
Anesthesia 0.28±0.11 0.00±0.00 0.66±0.25 0.01
Circulating RN 0.31±0.12 0.19±0.13 0.47±0.21 0.25

SEM: Standard error of mean, UCSD: University of California, 
San Diego, RN: Registered nurse
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risks associated with ionizing radiation, which is potentially 
detrimental.[13]	It	is	important	for	urologists	to	understand	the	
factors that increase the risk of  radiation exposure to protect 
the patient and all personnel in the operating room.

In	 this	multicenter	 study,	 we	 prospectively	measured	 and	
assessed predictors of  radiation doses delivered to providers 
during	 PNL.	Our	median	 urology	 attending	 and	 resident	
radiation dose of  4 mrem fell within the range of  previously 
published studies (0.17–5.6 mrem).[14] Both the anesthetist and 
the circulating nurse received minimal radiation exposure also in 
line with previous studies.[15,16] On univariate analysis, increased 
stone burden, partial or staghorn calculi, surgery duration, and 
fluoroscopy time were associated with high urology attending 
and resident radiation exposure; preexisting access that was 
utilized was associated with lower resident radiation exposure. 
Over	the	12‑month	period,	total	radiation	exposure	from	PNL	
was significantly below the maximum annual occupational dose 
limit	 of 	50	mSv	 (5000	mrem)	 recommended	by	 the	2007	
International	Commission	 on	Radiological	 Protection	 and	
adopted	by	the	Nuclear	Regulatory	Commission,	which	was	
in line with our previous study.[6,17]

Although studies have looked at various factors affecting 
fluoroscopy time[18] and patient radiation exposure,[4,19] no 
previous study to our knowledge has looked at factors associated 
with	 increased	 radiation	 doses	 to	 providers	 during	 PNL.	
Tepeler et al. found that fluoroscopy time was significantly 
increased with increased stone burden and multiple access 
sites	 but	 unaffected	 by	 patient	 BMI,	 stone	 configuration,	
degree of  hydronephrosis, history of  open renal surgery, or 
location of  access.[18]	 In	 line	with	 this	 study,	we	 identified	
on univariate analysis that increased stone burden increased 
radiation exposure. Mancini et al. retrospectively reviewed the 
radiation	exposures	of 	96	patients	who	underwent	PNLs	and	
found that increased effective radiation exposure was associated 

with increased body mass, higher stone burden, nonbranched 
stones, and multiple percutaneous access tracts but not stone 
site and composition, percutaneous access site, and estimated 
blood loss.[4] Torrecilla Ortiz et al.	also	found	that	patient	BMI	
was associated with increased radiation exposure.[19]

A	major	strength	of 	this	study	is	the	prospective	measurement	
of  radiation exposure; radiation dosages of  each provider were 
collected immediately following each case. We also measured 
radiation doses compared to fluoroscopy duration, which has 
been demonstrated to correlate poorly with patient exposure 
dose as it does not take into consideration fluoroscopy dose 
rate.[20] Radiation doses of  various operating room personnel 
including the anesthetist and circulating nurse were collected, 
which provide comparative measurements for radiation risk of  
personnel at different spatial locations of  the operating room 
during a given procedure.

Our study is not without limitations. C‑arm systems were 
not standardized across all cases. Furthermore, C‑arm 
operator controls, such as collimation and pulse rate, were not 
standardized.	Although	the	Instadose™	device	allows	for	the	
prospective collection of  radiation exposure, it is only able to 
collect data for a single case, and therefore cannot account for 
total	annual	radiation	exposure	resulting	from	PNL.	The	study	
also	only	utilized	a	single	Instadose™	device	placed	on	each	
of  the providers’ thyroid shields, the location typically used in 
estimating lens dose, to measure radiation exposure and may not 
be an accurate measure of  effective dose as dose is not uniformly 
distributed throughout one’s body.[20,21] Recorded doses would 
have been expectantly higher if  worn at the waist due to typical 
radiation	scatter	pattern.	The	Instadose™	has	a	lower	limit	of 	
detection of  1 mrem and is a relatively new device with potential 
limitations in its ability to accurately measure radiation doses; 
we did not validate our readings by correlating the dosages to 
the	TLD	 readings.	 In	 addition,	 the	 Instadose™	device	was	
placed on the outside of  the lead apron, which raises questions 
regarding the clinical significance of  our findings given that the 
lead apron should theoretically shield 95% of ionizing radiation 
and how much radiation actually makes it to the provider’s skin. 
Although the study included multiple sites, different practices, 
caseload, equipment, each provider may stand at different 
distances	from	the	X‑ray	source	and	the	patient,	and	experience	
among urologists limit the generalizability of  the data. This 
is reflected in the differences present in the two institutions. 
All	 providers	 in	 the	UPMC	cohort	 had	 increased	 exposure	
compared	 to	 the	UCSD	cohort	with	 significant	differences	
found in the exposures of  the attending urologist (P = 0.025) 
and anesthesia (P = 0.003) providers [Table 3]. Compared to 
UPMC,	the	UCSD	cohort	had	more	cases	with	stones	located	
in the ureter (P = 0.011) and underwent more combined 
PNL	+	URS	procedures	 (P < 0.001) [Table 2]. Although 

Table 5a: Multivariate regression for attending radiation 
exposure

RR 95% CI exposure P

Stone area (mm2) 1.00 0.99–1.00 0.79
Surgery duration (min) 1.01 0.99–1.02 0.09
Fluoro duration (min) 1.22 1.03–1.44 0.02
Partial/staghorn 2.16 0.63–7.33 0.22

CI: Confidence interval, RR: Relative risk

Table 5b: Multivariate regression for resident radiation exposure

RR 95% CI exposure P

Stone area (mm2) 1.00 0.99–1.00 0.78
Surgery duration (min) 1.01 0.99–1.03 0.10
Fluoro duration (min) 1.12 0.94–1.35 0.21
Partial/staghorn 2.46 0.33–18.53 0.38
Preoperative access – utilized 0.25 0.02–3.27 0.29

CI: Confidence interval, RR: Relative risk
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surgical time was similar between the two sites, fluoroscopy time 
was	significantly	greater	at	UPMC	than	at	UCSD	(P = 0.022). 
There	 were	 also	 increased	 complications	 in	 the	 UCSD	
cohort (P = 0.012). Finally, on multivariate analysis, other than 
fluoroscopy duration, no other covariates were significant. This 
may have occurred due to our small sample size.

The study’s goal was to identify characteristics that increase 
provider radiation exposure during percutaneous stone removal 
to cultivate our understanding and to ultimately lead to the 
development of  methods to minimize radiation exposure. 
Radiation exposure has been previously decreased during 
PNLs	 by	 optimizing	 image	 positioning,	 the	 utilization	 of 	
pulsed fluoroscopy, air instead of  contrast during retrograde 
pyelogram, last image hold, and ultrasound to obtain access.[1] 
Further recommendations for exposure reduction include the 
following: Utilizing personal protective equipment (lead 
aprons, shields, gloves, and glasses), using fluoroscopy only 
during critical maneuvers, keeping body parts (e.g., hands) 
outside the radiation beam, using image collimation to narrow 
the	 focus	 of 	 the	X‑ray	 beam,	 using	 a	 pulse	 rate	 setting	 as	
low	 as	 practical	 (e.g.,	 8	 frames/s),	minimizing	 the	 distance	
between the image intensifier (detector) and the patient, and 
maximizing	 the	 distance	 between	 personnel	 and	 the	X‑ray	
tube	(source).	Educational	radiation	awareness	programs	and	
feedback on fluoroscopy usage have also successfully decreased 
radiation exposure during endoscopic procedures.[22,23] Our 
study reinforces the importance of  radiation safety awareness 
and	the	principle	of 	As	Low	As	Reasonably	Achievable	during	
fluoroscopy.

CONCLUSION

Increased	stone	burden,	partial	or	staghorn	calculi,	surgery	and	
fluoroscopy duration, and absence of  preexisting access were 
associated with high provider radiation exposure. Radiation 
safety awareness is essential to minimize exposure and to protect 
the	patient	and	all	providers	from	radiation	injury.
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