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Abstract

Purpose: Percutaneous nephrolithotomy (PNL) is established in urology practice with routine use of fluoroscopic
guidance. Herein, we retrospectively evaluated the potential factors affecting the fluoroscopic screening time
(FST) during PNL.
Materials and Methods: A total of 282 patients with documented FST in detail during PNL performed by one
surgeon were enrolled in this study. In all cases, PNL was performed on patients in prone position under
C-armed fluoroscopy unit. The correlation between the FST and patient and also stone factors, including body
mass index (BMI), previous open renal surgery, characteristics and size of the stone, and presence of hydro-
nephrosis, as well as procedural factors such as percutaneous access number and location and operation time
were analyzed.
Results: The mean age of the patients was 43� 14.7 (range: 18–67) years. The mean operation time was
78.9� 22.0 (range: 45–150) minutes, and the mean FST was 10.19� 6.3 (range: 3–50) minutes. The mean stone
size was 8.46� 5.11 cm2 (range: 2–30). The FST was significantly prolonged in patients with increased stone
burden ( p¼ 0.001) and necessitating multiple accesses procedures ( p¼ 0.007). However, BMI of the patient,
stone configuration, degree of hydronephrosis, history of open renal surgery, and access location did not have an
impact on FST ( p> 0.05).
Conclusion: In patients with large stones necessitating multiple accesses, FST is significantly prolonged; there-
fore, they have to be managed by experienced surgeons to diminish the radiation exposure. However, BMI, stone
configuration, presence of hydronephrosis, history of open renal surgery, and access location did not have effect
on FST in our study.

Introduction

Percutaneous nephrolithotomy (PNL) is a well-
established procedure for most renal stones. This treat-

ment modality has been popularized for the treatment of renal
calculi, because of the benefit of low morbidity1,2 and early
return to work and recreational activities.3,4

In many endourological procedures, the use of imaging
modalities such as C-arm fluoroscopy, real-time diagnostic
ultrasonography (US),5,6 and computed tomography (CT)
guidance7 have impact on the success rates. However, primary
fluoroscopic guidance for percutaneous nephrostomy tract
creation is still the preferred technique for most procedures.8

In some clinics the percutaneous access is performed by the
radiologists, and the urologists may be protected from the
radiation exposure during the creation of tract. However, it is
underlined that complication rates are higher and the success

rates are lower when the radiologists perform the access ra-
ther than the urologists.9

To date, the exposure of radiation and protective methods
from its deleterious effects have been well understood.10 In
recent studies, many techniques have been described to
minimize the radiation exposure, but there is no study ana-
lyzing the factors affecting the fluoroscopic screening time
(FST).8,11 Herein, we have assessed the potential factors such
as body mass index (BMI), stone type and size, hydrone-
phrosis, history of previous open renal surgery, and number
and location of the access, affecting the FST with the aim of
giving an insight to the operating team.

Patients and Methods

A total of 811 patients were treated with PNL during a
3-year period in our center. The study included 282 of them,
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who were operated by a single surgeon (A.T.) and had a
documented FST in detail. All data were maintained pro-
spectively using Microsoft� Excel� and analyzed retrospec-
tively.

Preoperative complete blood count, serum creatinine,
platelet count, bleeding and coagulation profile, and urine
culture were obtained from all patients, while radiological
evaluation included intravenous urography and US with the
addition of noncontrast CT in selected cases. The stone burden
was determined by radiographic studies, and stone configu-
ration was basically classified as simple (isolated renal pelvis
or isolated caliceal stones) or complex (partial or complete
staghorn stones, renal pelvis stones accompanying caliceal
stones), regardless of their size.12 The degree of hydrone-
phrosis was assessed according to the Society for Fetal Urol-
ogy Classification.13

A standardized PNL procedure was performed in all cases
as described elsewhere.14 Briefly, a 5F ureteral catheter was
placed initially in a lithotomy position under general anes-
thesia. Percutaneous access was performed on patients in
prone position on urological table (Modularis Uro; Siemens,
Munich, Germany) with all pressure points padded. Percu-
taneousaccesswasobtainedbythesurgeonatasinglesetting in
the operating room with C-armed fluoroscopy (Sire-mobile;
Siemens). All percutaneous punctures were targeted to the
related calyces or infundibuli. The tract was dilated with a
high-pressure Nephromax� (Boston Scientific, Boston, MA)
balloon dilator using a Leveen� (Boston Scientific) inflator
and a 30F Amplatz sheath placed over the inflated Ne-
phromax under fluoroscopic guidance. In some obese pa-
tients, a slightly larger and deeper incision was made to
shorten the distance to the collecting system.

Nephroscopy was performed with a rigid 26F nephro-
scope. Stone fragmentation was accomplished using a pneu-
matic lithotripter (Vibrolith, Elmed, Turkey). Additional
tracts were created when indicated in the same session. Stone
clearance and the integrity of the collecting system were
confirmed intraoperatively by fluoroscopic screening and
antegrade nephrostography. At the end of the procedure, a
14F nephrostomy tube was placed in all patients.

The theater staff wore lead aprons and thyroid shields
(0.5 mm equivalent lead thickness) during the entire proce-
dure. Fluoroscopic screening was performed using a mobile
multidirectional C-arm fluoroscopy unit with an under couch
X-ray tube and an over the couch image intensifier (Sire-

mobile; Siemens).
For each procedure FST and operative details such as op-

eration time,characteristics of stone,percutaneous access num-
ber, and location were carefully recorded. Semi-=nonopaque
stones were excluded from the study because stone clearances
of these patients were evaluated with peroperative real-time
US and postoperative CT.

The stone surface area (cm2) was calculated by graph paper
tracing of two-dimensional projection of the stone on a kidney,
ureter, and bladder radiograph film in the anteroposterior
view by two investigators.15 Patients were stratified with re-
spect to their stone burdens into three groups: group 1,� 5
cm2; group 2, 5.01–10 cm2; and group 3, >10 cm2.16

Follow-up included routine radiological imaging studies.
The procedure was considered successful if the patient was
either stone free or had only clinically insignificant residual
fragments (CIRFs). Results were classified as stone free,

CIRFs, and unsuccessful (residual stones) at the third month
of the follow-up. CIRFs were considered to be 4 mm or less,
nonobstructing, noninfectious, and asymptomatic residual
fragments.12

Data are expressed as the mean� SD. FST and patient-
stone–related factors, such as BMI, history of previous open
renal surgery, characteristics of the stone, degree of hydro-
nephrosis, as well as procedural factors such as percutaneous
access number and location, were analyzed by univariate and
multivariate tests using SPSS� (SPSS version 13.0, Chicago,
IL). Median FST of the study was considered as a cut off point.
In univariate analysis, proportions of categorical variables
were analyzed for statistical significance using the w2 test.
Multivariate binary logistic regression was performed for
further investigation if any parameter found to be significant
with univariate test. All variables were categorized as shown
in Table 2. In all analyses, two-sided hypothesis testing was
carried out with probability values less than 0.05 deemed
significant.

Results

Patient demographics, stone characteristics, and operative
findings are summarized in Table 1.

Mean BMI was 25.21� 4.19 (range: 18–42) kg=m2. It was
<25 kg=m2 in 154 (54.6%) patients, 25 to 29.9 kg=m2 in 104
(36.8%) patients, and �30 kg=m2 in 24 (8.5%) patients. There
were two morbidly obese (BMI> 40) patients in the study.
The mean FST was 12.63� 9.06 minutes in BMI� 30 kg=m2

group, 10.6� 6.57 minutes in 25 to 29.9 kg=m2 BMI group,
and 9.55� 5.64 minutes in BMI< 25 kg=m2 group (Table 2).
The FST was found to be prolonged by the increase of FST.
However, no statistically significant difference was found
( p¼ 0.54) (Table 3).

In the preoperative radiological assessment, 154 (54.6%) of
the patients had complex stones and 128 (45.4%) patients had
simple renal stones. The mean FST for complex and simple
stones was 10.71� 4.18 (range: 3–50) and 9.57� 6.38 (range:
2–40) minutes, respectively (Table 2). In 237 patients a single
percutaneous access was adequate for stone clearance. Ad-
ditional accesses were needed in 42 of the patients with
complex renal stones (27.2%) and 3 of the patients with simple
renal stones (2.3%). The categorical distribution of the patients
according to the median FST and the results of the univariate
analyses are shown in Table 3. FST was found to be prolonged
with the increasing stone surface area and additional percu-
taneous accesses. The multivariate analysis of the variants
affecting FST is shown in Table 4.

Table 1. Characteristics of the Patients

and Pre-=Postoperative Findings

Number of patients 282
Mean age� SD (range) (years) 43� 14.7 (18–67)
Mean BMI� SD (kg=m2) 25.21� 4.19 (18–42)
Mean stone size� SD (cm2) 8.46� 5.11 (2–30)
Mean operation time� SD

(minutes)
78� 22 (45–150)

Mean FST� SD (minutes) 10.19� 6.3 (3–50)
Overall success rate 94.8%

FST¼fluoroscopic screening time; BMI¼body mass index;
SD¼ standard deviation.
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The presence, degree of hydronephrosis, and the location of
access (supracostal versus subcostal) did not have any sig-
nificant impact on FST (Table 3). Supracostal acceses were
performed in 23 patients, and no major complication such as
hydrothorax or pneumothorax necessitating chest tube in-
sertion was seen in our series.

Discussion

With the development in technology, many imaging mo-
dalities are used in endourological procedures that are widely
preferred treatment modalities compared with open sur-
gery. Nowadays, PNL is the first-line treatment of choice
for radiopaque renal stones larger than 20 mm17 and staghorn
stones.18

Fluoroscopy,9 US,5 and CT19 are used to guide surgeon
while creating the first step of the PNL, percutaneous access.
Recently, Hosseini et al20 reported that all stages of the pro-
cedure could be performed under US guidance. The usage of
US guidance to make an access into the collecting system
prevents the radiation exposure for the urologist and oper-
ating room personnel. Further, US may help to look for non-
opaque or semiopaque residual stones that are not clearly
visible under fluoroscopy.

Although some investigators have advocated the use of
CT-guided or magnetic resonance imaging–guided percuta-
neous access,7,19 cross-sectional imaging is only needed to
facilitate safe percutaneous access in special circumstances.
Primary fluoroscopic guidance for percutaneous nephro-
stomy creation is still the preferred technique for most
cases.8,14

Because the deleterious effects of radiation exposure are
well known,10 the endourologist should protect himself=
herself and patients from radiation exposure by using a dose
that is as low as reasonably achievable with no concurrent loss
of image quality to minimize the radiation exposure. Distance,
shielding, and time are critical factors that determine radia-
tion exposure. In modern radiation protection practices, ac-
tive personnel dosimeters are absolutely essential operational
tools for satisfying the as low as reasonably achievable prin-
ciple.21 The maximum yearly whole-body exposure as

Table 2. Mean Fluoroscopic Screening Time

of the Categorical Variables

Factors n FST (minutes)

BMI (kg=m2)
<25 154 9.55� 5.64
25–29.9 104 10.6� 6.57
�30 24 12.63� 9.06

Stone configuration
Simple 128 9.57� 6.38
Complex 154 10.71� 4.18

Hydroneprosis
0 18 11.61� 6.1
1 75 9.77� 5.90
2 139 10.08� 6.36
3 50 10.64� 6.43

Previous open renal surgery
þ 55 10.71� 5.78
Ø 227 10.07� 6.38

Stone size (cm2)
�5 84 8.33� 4.7 (2–10)
5.01–10 125 10.38� 6.2 (2–45)
>10 73 12.01� 20.6 (3–50)

Access number
Single 237 9.62� 6.38
2 37 11.95� 6.41
3 8 19.13� 7.1

Access location
Supracostal 23 13.61� 6.46
Subcostal 259 9.89� 6.36

Table 3. Categorical Distribution of the Patients

According to the Median Fluoroscopic Screening

Time and the Results of Univariate Analyses

FST Univariate analysis

Factors
<9 minutes

n (%)
�9 minutes

n (%) p-Value

BMI (kg=m2)
<25 73 (57.9) 81 (51.9) 0.54
25–29.9 44 (34.9) 60 (38.5)
�30 9 (7.1) 15 (9.6)

Stone configuration
Simple 63 (50.0) 65 (41.7) 0.10
Complex 63 (50.0) 91 (58.3)

Hydronephrosis
0 8 (6.3) 10 (6.49) 0.73
1 36 (28.6) 39 (25.0)
2 62 (49.2) 77 (49.4)
3 20 (15.9) 30 (19.2)

Previous open renal surgery
þ 24 (19.0) 31 (19.9) 0.86
Ø 102 (81.0) 125 (80.1)

Stone size (cm2)
�5 51 (40.5) 33 (21.2) 0.001
5.01–10 51 (40.5) 74 (47.4)
>10 24 (19.0) 49 (31.4)

Access number
Single 115 (91.2) 122 (78.2) 0.007
2 10 (7.9) 27 (17.3)
3 1 (0.8) 7 (4.5)

Access location
Supracostal 10 (7.9) 13 (8.3) 0.54
Subcostal 116 (92.1) 143 (91.7)

FST was found to be prolonged with increasing stone surface area
and additional percutaneous accesses (reflected by bold numbers in
Table 3.).

Table 4. Factors Affecting Fluoroscopic

Screening Time: Outcome of Multivariate Analysis

Factors Significant (p) OR 95% CI

Stone size 0.003
�5 0.002 0.34 0.17, 0.66
5.01–10 0.34 0.74 0.4, 1.38
>10 – – –

Access number 0.012
Single 0.04 0.11 0.01, 0.9
2 0.27 0.3 0.03, 2.63
3 – – –

OR¼odds ratio; CI¼ confidence interval.
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recommended by the National Commission on Radiation
Protection is 5 rem.22 The urologist could safely perform 35
cases per month within these limits.23

Therefore, limiting fluoroscopy time during endourological
procedures is of paramount importance because the radiation
dose to operating room staff is a function of exposure time,
and this limitation forced us to investigate the factors affecting
FST during PNL.

Creating a percutaneous renal access, which sometimes
requires longer FST than the other steps of PNL, is the initial
and probably the most important step of the PNL. Although it
can also be performed by interventional radiologists, urolo-
gists are increasingly obtaining access by themselves. Wat-
terson and colleagues,9 in their retrospective study, showed
that complications occurred less frequently and stone-free
rates were higher in urologist-directed renal access group
than radiologist-directed renal access group. In Turkey, all
percutaneous accesses are done by urologists.

The recently updated guidelines by the American Ur-
ological Association Nephrolithiasis Guidelines Panel on
Staghorn Calculi recommend the use of percutaneous mono-
therapy utilizing multiple tracts as the preferred treatment
option for most staghorn calculi.18 Extravasation of contrast
medium through the prior tract makes confirmation of precise
caliceal anatomy more difficult, especially if additional ac-
cesses are needed to achieve stone-free status. This problem
can be solved to puncture all possible accesses in an intact
collecting system right at the outset of the procedure. How-
ever, we prefer to perform additional accesses during the in-
trarenal manipulation when needed. Our study clearly
demonstrates that FST is significantly related to the access
number. It is obvious that flexible nephroscopy may reduce
the number of percutaneous tracts needed in the management
of complex renal calculi and increase the stone-free rates.
However, fluoroscopic guidance is still generally mandatory
during intrarenal manipulation of the flexible nephroscope,
and this may obviously increase FST. In the current study,
flexible nephroscopy was used in a limited number of cases,
and therefore its impact on FST was not analyzed.

In many studies it is concluded that stone burden and
complexity affects the access point number, operation time,
stone-free rates, and complication rates.16,24 Turna et al16

compared patients according to the stone surface area and
underlined that stone-free rate decreases while the complica-
tion rate increases when the stone burden exceeds 1000 mm2,
suggesting a critical stone burden. Our results clearly show
that FST is also prolonged when stone burden increases. In
contrast to stone size, stone configuration did not affect the
FST significantly. This contradiction may be explained with
the low percentage of multiple access requirements for stone
clearance in patients with complex renal stones (27.2%).

The supracostal access is a challenging approach because of
fear of chest complications. However, in many studies25,26 it is
underlined that supracostal access provides high stone-free
rates with acceptable rates of complications. The upper pole of
the kidney is aligned medially and posterior to the lower pole,
making the upper pole a shorter and easier access route. In the
present study, no statistical difference was found when we
compared the supracostal and infracostal approaches in terms
of FST, and these findings support the comments of several
experienced urologists who advocate upper pole access in
majority of cases with complex renal stones.

Besides procedure-related factors, there are also patient-
related factors affecting the FST. We classified the patients
into three groups according to the World Health Organization
classification of BMI (<25 kg=m2 [average], 25–29.9 kg=m2

[overweight], and >30 kg=m2 [obese and morbidly obese]).
Patients with BMI >30 are a special group of patients who
have been subject for many studies comparing the results and
complication rates. El-Assmy et al27 have recently reported a
study including 546 obese patients with renal stones, and
compared the outcomes of PNL. The results of this study
revealed similar complication and success rates in obese pa-
tients compared with nonobese patients.27 However, in pre-
vious studies the effect of BMI on FST was not investigated. In
our study the FST was longer in patients with high BMI, but
that was not statistically significant ( p¼ 0.54). This difference
probably arises from the difficulties of gaining access in obese
patients. Access to the desired calyx or stone may be restricted
by the excess subcutaneous as well as peri=pararenal fatty
tissue, which makes three-dimensional configuration diffi-
cult. Further, obese patients require more primary radiation
than do thinner patients to allow the formation of an adequate
image, creating a potential for more scatter.

On the other hand, our current study revealed that FST was
not statistically related to the degree of the hydronephrosis
and history of the previous open renal surgery. In fact, it may
be easier to make an access to the hydronephrotic kidney.
However, FST is usually prolonged while exploring the
scattered stone fragments into the dilated caliceal system of
the hydronephrotic kidney.

Experience of surgeon and the technique of percutaneous
tract dilation (balloon dilation, Alken telescopic dilators, or
semirigid Amplatz dilators) are also major factors determin-
ing both operation time and FST.28–30 However, in the current
study all procedures were performed by the same experi-
enced surgeon, and tract dilation was done by high-pressure
balloon dilation in all cases. Therefore, these factors were not
analyzed in the study.

Conclusion

To our knowledge, this study is the first to describe the
factors affecting the FST during PNL. FST is significantly
prolonged in patients with large stone burden and necessi-
tating multiple percutaneous accesses. Further, obese patients
also constitute a special group with unique characteristics
during PNL. However, the impact of the experience of the
surgeon and technique of percutaneous tract dilation as well
as other factors such as stone composition has to be assessed
in further studies.
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Abbreviations Used

BMI¼ body mass index
CI¼ confidence interval

CIRF¼ clinically insignificant residual fragments
CT¼ computed tomography

FST¼fluoroscopic screening time
PNL¼percutaneous nephrolithotomy

OR¼ odds ratio
SD¼ standard deviation
US¼ultrasonography
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