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Abstract 

The purpose of the present work is to obtain information about the exposure to patient and 

staff during percutaneous nephrolithotripsy and ureteroscopy with intracorporeal lithotripsy 

and to search for a correlation between these parameters. The collected data for each 

procedure consist of the total air kerma-area product, PKA, cumulative dose, CD, fluoroscopy 

time, FT, number of images acquired, as well as clinical patient data. Average, minimum, 

maximum and median values were calculated for 38 patients. Mean values and median in 

parentheses were as follows: 355 (383) cGy cm2 (PKA for PCNL); 433 (286) cGy cm2 (PKA for 

URS); 42 (37) mGy (CD for PCNL); 12 (7) mGy (CDfor URS); 3.5 (3.0) min (FT for PCNL); 

1.4 (1.3) min (FTfor URS). The typical operator doses for PCNL and URS were assessed to 

be 66.1 µSv and 34.3 µSv, respectively, while the maximum doses for the same type of 

procedures were 152.6 µSv and 124.1 µSv. Good correlation was observed between the staff 

dose and PKA for both procedures, while the correlation of staff dose with CD and FT was 

found to be weak. While applying principles of radiation protection and normal load in the 

clinic, there is no possibility to exceed the new annual dose limit for eye lens of 20 mSv per 

year averaged over 5 years. The correlation of PKA with FT and CD was also explored and no 

significant interconnection was observed. 

 

Introduction 

With the increasing use of endourologic procedures for the diagnosis and treatment of various 

urologic pathologic conditions, urologist’s and patient’s exposure to radiation from 

fluoroscopy becomes an important safety consideration. 

Percutaneous nephrolithotomy (PCNL) is a minimally invasive endoscopic procedure for 

removal of large and/or complex kidney stones through a percutaneous tract to the collecting 

system of the kidney created under fluoroscopic guidance. Ureterorenoscopy is a minimally 
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invasive endoscopic procedure performed under fluoroscopic guidance for diagnosis and 

treatment of various pathologic conditions of the upper urinary tract. Ureterorenoscopy with 

intraluminal lithotripsy (URS) is most commonly performed for the treatment ureteral and/or 

kidney stones, during which the stones are fragmented by means of laser (Holmium laser 

lithotripsy), ultrasonic (US lithotripsy) and electrokinetic energy. 

Due to the increased use of radiation during endourological procedures, protection of patients 

is becoming increasingly important. Few studies are found in literature concerning patient 

exposure during such procedures. One of them is our first research in the same department 

(X-ray unit) two years ago [1] and with present work we aim at tracing current situation and 

comparing results. At the same time there is possibility of personnel getting high exposure in 

fluoroscopy room if radiation protection principles and tools are not correctly applied. A 

special attention needs also the use of over-couch X-ray systems in urology that can lead to 

significantly greater staff doses compared to the under-couch systems. An increased incidence 

of lens injuries has been found in radiologists who have used over-couch systems without 

protective screens [2]. The influence of shielding devices is significant for determining the 

dose to the eyes and thyroid, and the position of the operator, which depends on the 

procedure, is the most significant factor determining doses to the hands [3]. The main source 

of exposure to urologist during endourological procedures is radiation scatter from the patient. 

Its amount depends in vast degree on the patient weight and body habitus. During most 

endourological procedures the patient is in lithotomy position and the bony pelvis and 

abdomen serve as the major source of radiation scatter from the patient. This radiation is 

directed toward the endoscopist’s head and upper extremities as he/she looks into the 

ureteroscope. Exposure to staff could not be negligible and radiation protection measurements 

need to be taken. Urologists should be aware of this radiation risk, and the concepts of time, 

distance, and shielding are critically important to know, in efforts to reduce radiation exposure 

[4]. The World Gastroenterology Organization, in collaboration with the American Society 

for Gastrointestinal Endoscopy and the International Atomic Energy Agency, has developed 

guidelines on minimizing radiation exposure for patients and staff in endoscopy [5]. 

Recording radiation exposure factors for the patient, such as fluoroscopy time, air kerma-area 

product and measuring radiation exposure to staff are recommended for dose optimization in 

the guidelines. Following these recommendations, it was recorded radiation doses of 

personnel and patients during PCNL and URS procedures and the main purpose of present 

work become searching for correlations between them. 
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Materials and Methods 

The study was conducted from April 2012 to June 2012in the Department of Urology and 

Nephrology, Clinic of Endourology and Shockwave Lithotripsy in Military Medical 

Academy, Sofia. The upper urinary tract operating theatre is equipped with Siemens Access 

Uroskop X-ray system with over-table X-ray tube and 36.7 cm image intensifier, integration 

of endoscopy solutions and available ultrasound device.  

Two procedures were included in the study: ureteroscopy with intraluminal lithotripsy (URS) 

and percutaneous nephrolithotripsy (PCNL), since they were found to be the most commonly 

used and with significant radiation exposure [1]. They were carried out by same experienced 

urologist who wore a 0.35-mm equivalent lead apron. No ceiling suspended lead equivalent 

protective screen was available. Doses to the operator were evaluated with an Unfors EDD-30 

personal dosimeter with sensor attached to the front side of the protective collar. This 

dosimeter is calibrated in the operational quantity Personal dose equivalent Hp (0.3), in mSv. 

The mean measured value at the collar level was considered to be a good approximation of 

the exposure of the eye lenses. 

Data on patient dose in total air kerma-area product, PKA, cumulative dose, CD, fluoroscopy 

time, FT, number of images acquired, as well as clinical patient data were collected 

prospectively. The PKA values were recorded in cGy cm2, measured with KAP-meter 

integrated in the X-ray unit. The KAP-meter was calibrated using a multimeter Barracuda 

(RTI, Sweden) configured with ionisation chamberTW34069 (PTW, Germany) with a 

calibration traceable to a national standards laboratory. In addition to calibration, a 

characterisation of the system was performed using PMMA phantom and a solid-state 

detector T20 which does not influence the system automatic exposure control (AEC). 

 

Results and Discussion 

In Table 1 dose results for ureteroscopy with intraluminal lithotripsy and percutaneous 

nephrolithotripsy are summarized for a total of 38 patients. It presents mean, minimum, 

maximum values and median of staff doses, PKA, CD, the corresponding FT values and 

number of images. Figure 1 presents a summary of mean and median values of PKA, CD, FT 

and staff dose for the procedures.  

The mean value of PKA 433 cGy cm2 was found to be higher for URS versus 355 cGy cm2 for 

PCNL (Table 1). The results show a large variation in individual patient radiation doses for 

URS: PKA values varied between 34 and 1446 cGy cm2. Because the values did not exhibit a 

normal distribution, the median PKA value of 286 cGy cm2 is more representative (Figure 1). 
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This big variation was mainly attributed to the varying complexity of the interventions, the 

strictly individual treatment of every patient and large number of technical factors. For PCNL 

the FT varied between 2.3 and 7.8 min with mean value of 3.5 min, while the mean FT for 

URS was 1.4 min with maximal value of 4.1 min. The total number of images acquired for 

URS and PCNL were 2 and 3, respectively. Fluoroscopy is the main contributor to the total 

patient dose, as the number of images in the procedures is comparatively small. The mean 

values of CD for URS and PCNL are 12 and 42 mGy, respectively; it is well seen that values 

are well below the threshold for deterministic effect in the skin. 

 

Table 1. Summary of data for staff dose (μSv), PKA (cGy cm2), CD (mGy), FT (min) and 

number of images for Ureteroscopy with intraluminal lithotripsy and Percutaneous 

Nephrolithotripsy. 

 

Procedure  Age, y 
Staff dose, 

μSv 

PKA,  

cGy cm2 
CD, mGy FT,  min Nimages 

Ureteroscopy with 

intraluminal lithotripsy 

(number of patients = 21) 

mean 52 34.3 433 12 1.4 2 

min. 32 1.4 34 1 0.1 0 

max. 74 124.1 1446 48 4.1 5 

median 52 24.8 286 7 1.3 1 

Percutaneous 

nephrolithotripsy 

(number of patients = 17) 

mean 46 66.1 355 42 3.5 3 

min. 23 11.3 160 6 2.3 1 

max. 68 152.6 724 88 7.8 4 

median 47 67.5 383 37 3.0 3 

 

 

 
 

Figure 1. Comparison of mean versus median values of PKA, CD, FT and staff dose for the 

procedures. 
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Table 2 presents comparison of mean and median PKA values, CD and FT in this work with 

previous published data. Figure 2 illustrates data for URS and PCNL, separately. It is shown 

that the new results are similar to the previous study, taking into consideration the above 

comments and the procedure URS in this study corresponds to Ureteroscopy and US 

lithotripsy in the previous research. 

 

Table 2. Comparison of mean and median PKA values, CD and FT for the procedures obtained 

in this work with previous one. 

 

  Procedure   PKA, cGy cm2 CD, mGy FT, min Nimages 

Current 

 study 

URS  

(number of patient = 21) 

mean 433 12 1.4 2 

median 286 7 1.3 1 

PCNL 

(number of patient = 17) 

mean 355 42 3.5 3 

median 383 37 3.0 3 

Previous 

 study 

URS  

(number of patient = 92) 

mean 296 14* 1.2 3 

median 214 12* 0.9 2 

PCNL 

(number of patient = 101) 

mean 457 54** 4.0 4 

median 354 45** 3.7 4 
* values corresponding to 6 patients      
** values corresponding to 12 patients 

 

 
 

Figure 2. Comparison of mean values of PKA (in Gy cm2), CD (in mGy), FT (in min) and 

number of images for URS (a.) and PCNL (b.) between this study and previous one 
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of the department (1 PCNLprocedure per day), annual eye lens dose is estimated to be 

17.2 mSv. Performing one URS per day, annual eye lens dose is assessed to be 8.9 mSv. 

According to some recent researches, values above the limit can cause cataract after 

protracted radiation exposure. Thus it is essential to apply principles of radiation protection. 

The use of protective lead glasses is recommended as they can reduce the lens dose by a 

factor of 5–10 [7].  

The results of the study of staff doses were compared with values found in the 

literature. The comparison is shown in Table 3. Occupational doses from this work are three 

times lower that reported values from Ritter at al. for both procedures [8]. Since the X-ray 

system in their study were with over-table tube, like in this study, the big difference probably 

is due to the large number of clinical and technical factors, operator’s experience and 

knowledge of radiation protection measures. Safak et al. reported mean staff dose value only 

for PCNL, and it was lower than our result [9]. The other data were recorded on systems with 

an under-couch X-ray tube, thus the values corresponding to dose of the eye are so negligible 

small and 100 times lower than dose to legs [10, 11]. 

 

Table 3. Comparison of mean staff dose values obtained in this work with other published 

values 

Procedure 
Mean values of staff dose (µSv) corresponding to dose of eye lens 

This work Ritter at al. [8] Safak et al.[9]  Hellawell et al.[10] Majidpour [11] 

URS  
34.3 

(21 patients) 

100 

(39 patients) 
N/A N/A N/A 

PCNL 
66.1 

(17 patients) 

180 

(11 patients) 

26 

(20 patients) 
1.9 (N/A) 

0.04 μGy*

(100 patients) 

Comments 
over-couch 

 system 

over-couch 

system 

48 μGy to 

the  collar 

 11.6 µGy to  

the lower leg 

* to the eye glasses; 

0.47 μGy to the head; 

4.1 μGy to the legs 

 

Notwithstanding that a relation between patient dose in means of PKA and occupational dose is 

difficult to determine, particularly because staff doses are associated with working methods, 

use of protective devices, positions with respect to the patient, in this study the relationship 

was found to be good. The statistical analysis of the data established a linear relation between 

patient and staff doses. For URS R2 = 0.898, while for PCNL R2 = 0.8598 (Figure 3). The 

reduction of operator doses is especially important during interventional procedures, and it is 

necessary to be aware of practical radiation protection measures. Actions that reduce patient 
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dose will also reduce occupational exposure.  PKA provides a good reference value for 

dosimetric monitoring of staff. 

The correlation of staff dose with CD and FT was found to be weak. The correlation of PKA 

with FT and CD was also explored and no significant interconnection was observed. 

 

 

Figure 3. Correlation between staff dose and PKA in URS and PCNL. 
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For optimization the use of protective lead glasses is recommended.  

Good correlation was observed between the staff dose and PKA for both procedures, 

while the correlation of staff dose with CD and FT was found to be weak. No significant 
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Values of estimated CD are well bellow the threshold for deterministic effect in the 

skin. The PKA values for PCNL and URS obtained in the current study are comparable with 

previously published data. 
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