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Abstract. – OBJECTIVE: We aimed to eval-
uate the safety and efficacy of finger touching 
combined X-ray-guided percutaneous nephroli-
thotomy, and the feasibility of avoiding damage 
in medical staff caused by X-ray.

PATIENTS AND METHODS: From January 
2013 to December 2020, 640 cases of percuta-
neous nephrolithotomy were performed through 
the 18-24-F channel. Among those cases, 22 
(3.4%) cases were double-sided kidney stones 
surgeries, 294 (45.8%) cases were on the right 
side and 324 (50.5%) cases were on the left side. 
The targeted renal calyceal puncture was car-
ried out under the combined guidance of the 
doctor’s finger and X-ray. We assessed the X-ray 
exposure time of patients and doctors, average 
number of punctures, postoperative hospitaliza-
tion, calculus removal rates, and complications.

RESULTS: The average number of punctures 
was 2.8 ± 1.4. Average X-ray exposure time 
during procedure: 2.8 s (range: 2-8 s). Aver-
age surgical time: 106.5 ± 49.4 min. Postopera-
tive hospitalization: 6.8 ± 4.2 d. Average reduced 
hemoglobin level: 5.9 g/day. Stone-free rate 4 
weeks after surgeries: 95.6%. Patients with up-
per ureteral calculi: 395 cases (61.72%). The cal-
culus residual rate of patients with staghorn re-
nal calculi or multiple renal calculi complemen-
tary treatments was 82.9%, including 0 patients 
who received shock wave lithotripsy, 2 cas-
es of repeated percutaneous nephrolithotomy 
(PCNL), and 18 cases of ureteroscopy. Postoper-
ative placement of renal drainage tube occurred 
in 52 cases. As for complications, no perirenal 
infection occurred, two severe bleeding compli-
cation cases occurred, and one case of colon 
perforation occurred.

CONCLUSIONS: Finger touching combined 
X-ray-guided percutaneous nephrolithotomy in 

patients with renal calculus is safe and can ac-
curately guide the puncture without radiation 
hazards. The placement of a renal drainage tube 
was beneficial to reduce renal effusion, hemato-
cele, and infections.
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Introduction

Percutaneous nephrolithotomy (PCNL) is a 
minimally invasive technique that has been used 
clinically for nearly 50 years. Due to the improve-
ment of surgical techniques and the reduction of 
access in recent years, PCNL has been widely ac-
cepted as a safe and efficient surgical technique1,2. 
Accurate entry of the puncture needle through 
the top of the renal fornix is the key step for the 
successful establishment of the PCNL channel 
and ensures the safety of surgery. In most cas-
es, this step requires X-ray guidance. However, 
long-term exposure to X-ray causes radiative 
damage to patients and staff. The effects of X-ray 
are radiation-dose-dependent3. The X-ray-guid-
ed locating technique demonstrates significant 
advantages in patients without renal effusion 
and obese patients. However, it is not possible 
to accurately determine whether there are im-
portant organs on the puncture path. Moreover, 
the conduction of this technique is difficult in 
patients with ureteral diversion, and patients can-
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not receive ureteral retrograde intubation4. The 
ultrasound-guided locating technique is current-
ly emerging and increasingly prevalent. Usage 
of the ultrasound-guided locating technique can 
avoid the radiation damage of X-ray, and also 
potentially reduce the false punctures rate due 
to accurate locating the renal artery5,6. However, 
its application can be limited due to increased 
surgical difficulties caused by obesity, low renal 
effusion, and complex renal structure7. Despite 
the evident advantages of X-ray-guided locating 
technique, its clinical usage is also limited due to 
the possible radiative damage. In addition, renal 
effusion and hematocele are often associated 
with PCNL. However, due to the limitation of the 
surgical route, the application of renal drainage 
is usually missed. Therefore, avoiding excessive 
radiation damage in patients and staff by X-ray 
and improving the safety and effectiveness of the 
surgery is a key factor in the application of the 
X-ray-guided technique in PCNL.

To solve the problems above, we carried out 
relevant research for 8 years. We performed the 
puncture route through a subcostal mini-inci-
sion, delivered the puncture needle to the sur-
face of the kidney under the guidance of finger 
touching by the surgeon, and accomplished an 
accurate puncture under the guidance of X-ray. 
To the best of our knowledge, this new method 
has not been reported elsewhere. In this paper, 
we document the detailed surgical procedures 
of the finger touching combined X-ray-guided 
PCNL and assess the feasibility and effective-
ness of this procedure. 

Patients and Methods 

This prospective cohort study was conducted 
from January 2013 to December 2020.

This study was approved by the Institutional 
Ethics Committee of the Huazhong University of 
Science and Technology and Sichuan University. 
Written informed consent was obtained from all 
participants included in the study.

Inclusion and Exclusion Criteria
The following criteria for participants recruit-

ment were applied: renal calculus with diameter 
> 2.0 cm; multiple renal calculi or staghorn renal 
calculi; and failed extracorporeal shockwave lith-
otripsy (ESWL) with renal calculus > 1.5 cm in 
diameter. The criteria for exclusion were patients 
with previous renal calculus surgery, impaired 
kidney function, ectopic kidney(s), or urosepsis. 
Clinical features of all patients are listed in Ta-
bles I and II.

Examination
All patients received a preoperative enhanced 

CT-scan to measure the size and location of the 
calculus and to evaluate the preoperative hydro-
nephrosis. According to the postoperative CT-
scan, patients with no detectable calculus were 
classified as calculus-free, patients with calculus 
residuals less than 4 mm and no symptoms of uri-
nary system obstruction were classified as clini-
cally insignificant residual fragments (CIRFs).

All patients were subjected to non-enhanced 
CT-scans 3-5 days and 3-4 weeks after the sur-

Table II. List of clinical features of patients.

	 Mean ± standard deviation

Weight	 62.481 ± 10.617
Stone load (mm)	 13.873 ± 7.599
Operative time (m)	 103.215 ± 40.539
Postoperative hospital	 6.881 ± 4.376
stay (days)

Table I. List of clinical features of patients.

Average age (years)	 50.63
Male:female	 382: 258
Stone location	 Left side	 Upper ureter	 155 cases
		  Upper ureter + Kidney calyx	 51 cases
		  Renal pelvis	 49 cases
		  Staghorn stone	 29 cases
		  Others	 13 cases
	 Right side	 Upper ureter	 118 cases
		  Renal pelvis	 54 cases
		  Upper ureter + Kidney calyx	 47 cases
		  Kidney calyx	 41 cases
		  Others	 44 cases
	 Bilateral	 22 cases
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geries. The patient evaluation included medical 
history, physical examinations, urine analysis, 
urine culture, renal function examination, and 
blood coagulation tests. 

During hospitalization, all patients received 
off-site antibiotics based on their urine culture to 
reduce urinary tract infections and urinary-source 
sepsis, especially in patients with casting calculus 
and a history of recurrent urinary tract infections. 
Immediately after surgery, serum procalcitonin 
tests were conducted for the early detection of 
early-stage urinary tract infections and urosep-
sis8. 

Surgical Procedure
All surgeries were performed by the same sur-

gical team. General or epidural anesthesia was 
used in the surgeries.

Before anesthesia, patients were in the litho-
tomy position. Disinfection and surgical towel 
preparations were carried out. After anaesthe-
tization, the cook ultra-slip guidewire was in-
serted into the ureter at the diseased side using a 
wolf 8-9.8 ureteroscopy. The ureter catheter was 
inserted and secured by a Foley catheter. The 
patients were then moved to a prone position and 
properly secured.

To plan the puncture route, targeted renal ca-
lyces were selected for searching and retrieving 
the calculus. In single renal calyceal calculus, the 
puncture site was located at the renal calyces with 
calculus. Confirmation via X-ray guidance was 
required before the puncture to avoid calculus 
shifting due to position changes. The selection 
of the specific puncture routes was flexible and 
based on the clinical condition of the patient. In 
pyelolithiasis, rear-middle renal calyces were se-
lected. In staghorn renal calculi or multiple renal 
calculi, multiple channels were selected. In the 
cases that part of the calculus was located in the 
renal calyces, and the length of the calix was ≤ 
1.5 cm, the middle and lower renal calyces were 
targeted. In the cases that part of the calculus was 
located in the renal calyces, and the length of the 
calix was ≥ 1.5 cm, the middle and upper renal 
calyces were targeted. Generally, the rear-middle 
renal calyces were selected most often in the 
surgeries.

The X-ray machine used in this research was 
a Siemens C-arm X-ray machine and a No. 18 
puncture needle. Due to the particularity of this 
technology, it was unnecessary to inject normal 
saline through a ureteral catheter to cause hydro-
nephrosis in patients without hydronephrosis.

Before the start of the surgeries, puncture 
routes with the shortest length to the skin were 
planned. The distance between the predeter-
mined puncture site and the target renal fornix 
(d) was measured, as well as the distance be-
tween the predetermined puncture site and the 
outer edge of the kidney (D) (Figure 1). The 
distance between the predetermined puncture 
site and the lower kidney surface (H) (Figure 
2) was also measured. A mini-incision (1.5-2.5 
cm) was carried out parallel to the lower rib 

Figure 2. CT-scan of kidneys, (H) distance between the 
predetermined puncture site and the lower kidney surface.

Figure 1. CT-scan of kidneys to plan puncture route, (d) 
distance between the predetermined puncture site and the 
target renal fornix; (D) distance between the predetermined 
puncture site and the outer edge of the kidney.
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line, near the intersection of the site, and 1.5 cm 
lower than the edge of the rib and the posteri-
or axillary line (Figure 3). Hemostatic forceps 
were used to separate the subcutaneous tissue, 
lower back muscles, lumbar fascia, and renal 
fascia layer by layer (Figure 4). The kidney’s 
adipose capsule was separated with the index 
finger, after which it was inserted into the renal 
peritoneal gap to touch the surface of the kidney 
(Figure 5). Then, combined with the results of 
the preoperative CT-scan, the projection of the 
target renal fornix on the surface of the kidney 
and the relative position of the lower and outer 
edges of the kidney was estimated (point A). 
The rear-middle renal calyces were general-
ly selected as described above. The puncture 
needle was delivered through the area of the 

posterior axillary line and scapular line (Figure 
6). In several cases, if the targeted renal calyces 
displayed a short front calix and long rear calix, 
and the rear renal fornix was found closer to the 
surface of the kidney, the front renal calyces 
were selected. 

The puncture needle was delivered via the area 
of the posterior axillary line and midaxillary line, 
while avoiding the intestines, liver, spleen, and 
other organs under the guidance of a finger (Fig-
ure 7). An 18G puncture needle was penetrated 
through the A site (0.5-1 cm to the outer side) of 
the kidney surface (3-5 mm in-depth, the tip of 
the needle was not able to fall off). The contrast 
agent was retrogradely delivered through the 
urethral tube (Figure 8). Surgeons were under the 
protection of a radioactivity shield. The tip of the 

Figure 3. A mini-incision (1.5-2.5 cm) was carried out parallel 
to the lower rib line, near the intersection of the site, and 1.5 cm 
lower than the edge of the rib and the posterior axillary line.

Figure 4. Hemostatic forceps were used to separate the 
subcutaneous tissue, lower back muscles, lumbar fascia, and 
renal fascia layer by layer.

Figure 6. The puncture needle was delivered through the 
area of the posterior axillary line and scapular line.

Figure 5. The kidney’s adipose capsule was separated with 
the index finger, after which it was inserted into the renal 
peritoneal gap to touch the surface of the kidney.
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puncture needle was located by the C-arm X-ray 
controlled by surgeons through remote or wire 
control. The location of the puncture needle tip 
was readjusted according to the 3D image cap-
tured by the C-arm X-ray and the finger touching 
of the surgeons. Under the surveillance of the 
image captured by the C-arm X-ray, the puncture 
needle was located accurately. The optimal an-
gle and depth of the penetration were estimated 
according to the CT-scan. The dropping feeling 
of the needle indicated the position of the needle 
and the needle core was then removed. In case 
urine or liquid outflow was observed, a zebra 
guide wire (0.025 inches) or a soft-headed hard 
guidewire was inserted. X-ray images were taken 
to confirm the location of the guidewire. The tip 
of the finger was positioned at the penetration site 
and the puncture needle was retracted. The pene-
tration depth was estimated (including the length 
between the tip of the needle and the penetration 

site on the skin, and the depth of the penetration 
into the kidney). The PCNL path was established 
by placing the wire on the peel-away outer sheath 
under the guidance of the finger using fascial di-
lators (initiated with F8, increased progressively 
by F2, and dilated to F18-F24 gradually). A hard 
nephroscope was delivered to the renal pelvis 
and calyces through the path to find the calculus. 
Nephrolithotomy was carried out using an EMS 
lithotripter (energy 70-90 J, duty cycle 80%-90%), 
or holmium laser fiber (energy 0.8-1.2 J, frequen-
cy 10-30 Hz). New paths were established based 
on previous procedures where needed. After the 
surgery, C-arm X-ray (could be combined with 
ultrasound) imaging was performed to evaluate 
the outcome of the PCNL. Then the tube of the 
ureter catheter was removed. The F4.8 or F5 dou-
ble J tube was then inserted into the ureter cath-
eter. Under certain circumstances, a renal fistula 
or blood drainage tube (through a small incision) 
was used to increase the drainage of the blood 
or fluid outflow (Figure 9). Conventional postop-
erative anti-infection treatments were given for 
1-3 days. A postoperative CT-scan was carried 
out at 3-5 days after the surgery. If the residual 
calculus were not detectable, the renal fistula was 
removed. If residual calculus was detectable, and 
the renal fistula drainage fluid was clear in 5-7 
days after the surgery, the second round of PCNL 
was conductible. The double J tube in the ureter 
was removed 4 weeks after the surgery.

Outcomes
The outcomes included average surgical time, 

type of anesthesia, and surgery position. Further-
more, surgery details were also recorded includ-

Figure 7. The puncture needle was delivered via the area 
of the posterior axillary line and midaxillary line, while 
avoiding the intestines, liver, spleen, and other organs under 
the guidance of the finger. 

Figure 8. The contrast agent was retrogradely delivered 
through the urethral tube.

Figure 9. A renal fistula or blood drainage tube was used in 
certain circumstances to increase the drainage of the blood 
or fluid outflow.
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ing, catheter usage, hospital stay, and recurrence. 
Postoperative complications were also recorded. 
The X-Ray exposure time was measured using a 
factory-calibrated Pioway Medical dosimeter (Pi-
oway, FJ2000, China). During measurements, the 
dosimeter was positioned with a focus-detector 
distance (FDD) of 100 cm.

Statistical Analysis
All data were recorded in SPSS l3.0 software 

(IBM Corporation, Armonk, NY, USA). The data 
consistent with normal distribution and homoge-
neity of variance are expressed as mean ± SD.

Results

The average number of punctures: 2.8 ± 1.4. 
Average X-ray exposure time during procedure: 
2.8 s. (range: 2-8 s). Average surgical time: 106.5 
± 49.4 min. Postoperative hospitalization: 6.8 
± 4.2 d. Average reduced hemoglobin level: 5.9 
g/day. Stone-free rate 4 weeks after surgeries: 
95.6%. Patients with upper ureteral calculi: 395 
cases (61.72%). Postoperative placement of renal 
drainage tube: 52 cases, and no perirenal infec-
tion occurred.

The average surgical time of all patients was 
106.5 ± 49.4 minutes. Among them, 3 cases re-
ceived epidural anesthesia (0.5%), and 637 cas-
es general anesthesia (99.5%). Six hundred and 
thirty-eight patients (99.7%) were operated in the 
prone position, and 2 patients (0.3%) in the prone 
position. Most cases were treated through a single 
path (592 cases, 92.5%), while in 43 cases (6.7%) 
a second catheter was used, and in 5 cases (0.8%) 
a third catheter. The average hospital stay of all 
cases was 6.84 (± 4.2) days, in which 5 cases 
(0.8%) received a blood transfusion, and a total of 
597 cases (93.3%) had stones completely cleared 
72h after surgery. The calculus residual rate of 
patients with staghorn renal calculi or multiple 
renal calculi was 82.9%. Some patients under-
went supplementary treatment within 1-2 weeks 
after the first PCNL to remove residual stones 
with a diameter greater than 4 mm, including 
re-PCNL (2 cases) and ureteroscopy (18 cases). 
Due to the increased risk of bleeding during the 
operation, large residual stones were not removed 
in the first stage of treatment in some cases. The 
most common complication was postoperative 
fever (30 cases, 4.7%). Furthermore, 2 patients 
with renal hematoma who required intervention 
treatment were treated with selective renal artery 

embolization to stop the bleeding, and 1 patient 
experienced respiratory arrest due to acute cor-
onary syndrome and died after failed cardiopul-
monary resuscitation.

Discussion

One study9 has demonstrated the increased 
incidence of renal calculus since 1994 from 1/20 
to 1/11. Fernstrom and Johansson10 first described 
the PCNL under the guidance of X-ray in 1976. 
Since then, PCNL has developed rapidly and re-
placed the traditional pelviolithotomy globally11. 
For this reason, PCNL has become the standard 
procedure for the treatment of renal calculus ≤2 
cm in diameter. Meanwhile, radiation exposure 
(RE) had become increasingly common in sur-
geons and patients.

In almost all the PCNL, the basic procedure 
includes percutaneous renal puncture, the estab-
lishment of the delivery path, and nephrolithot-
omy. The puncture process often requires guid-
ance using a C-arm X-ray. Long-term exposure 
to X-ray is associated with genetic mutations and 
causes an increased incidence of tumors in both 
patients and surgeons. This effect is especially 
substantial in surgeons. To avoid the damage 
caused by X-ray, ultrasound guidance is wide-
ly used by experts. However, ultrasound-guided 
punctures require more practical experience of 
the surgeon and are limited in patients with no 
dilation in the collecting system and patients with 
obesity, causing increased difficulty during oper-
ations7. X-ray guidance provides a more intuitive 
imaging performance, has advantages in inaccu-
rate positioning, clear imaging, is accordant with 
the preoperative positioning film, and operates 
under monitor surveillance. It is also applicable 
in monitoring the whole process of establishing 
a puncture path, which could effectively avoid 
the occurrences of wire escape, incorrect path 
depth, and false path formation12,13. Meanwhile, 
C-arm X-ray guidance displays advantages in de-
termining the optimal puncture site for multiple 
calculus, which effectively reduces the number 
of unnecessary paths. The ultrasound guidance 
technique depends on artificial fluid accumula-
tion. During the surgeries, when a second percu-
taneous path is required, the accuracy of ultra-
sound-guided locating is limited due to the dis-
turbance of the ultrasound imaging caused by the 
creation of artificial fluid accumulation and the 
first path. Therefore, X-ray-guided percutaneous 
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surgery has its unique practical value in clinical 
use. Also, the safety of PCNL can potentially be 
improved by combining it with a renal angiogram 
and intravenous pyelography in future clinical 
applications.

Improving the safety and accuracy of puncture 
path establishment is of critical importance in 
PCNL. Incidental accidents and complications 
mainly arise during this process. During our 
operation, we were able to touch the target kid-
ney with our fingertips through a small incision. 
At the same time, based on the preoperative 
intravenous pyelogram (IVP) test and the lower 
outer edge of the kidney, we could estimate the 
projected area of the renal calix on the surface 
of the kidney. Followed by t the above, the tip 
of the puncture needle was penetrated under the 
surface (1-2 mm) of the kidney. Meanwhile, with 
the assistance of the contrast agent and the C-arm 
X-ray guidance, surgeons then confirmed the lo-
cation of the needle. According to the renal cortex 
thickness measured by preoperative ultrasound, 
the needle was delivered to the kidney in the cor-
responding depth. The needle core was removed 
after the feeling of dropping, and if urine or liq-
uid outflow was observed, the zebra guidewire 
was inserted. The puncture site and angle were 
confirmed by the finger through an incision and 
during the dilation of the path.

The amount of X-ray exposure time was main-
ly dependent on locating the puncture, the depth, 
and the angle of the monitoring equipment during 
fascia dilation. In this procedure, the puncture 
needle was located directly on the surface of the 
kidney. As the puncture path was short, continu-
ous X-ray surveillance was not necessary. Also, 
during the fascia dilation, the location and the 
angle of the monitor were secured by the finger 
(breathing during this time produced only very 
limited influence). Meanwhile, the dilation length 
was only around 1-2 cm, which was applicable 
without X-ray surveillance. Due to these reasons, 
the accumulative exposure time of surgeons in 
this study was only 2-8 s.

The common complications of the PCNL 
technique include renal cortex tearing, renal 
calix tearing, pneumothorax, calculus residue, 
etc., which are almost all related to the estab-
lishment of the puncture path. Most common 
puncture techniques are performed under the 
guidance of ultrasound or X-ray, although sur-
geons are normally more familiar with X-ray 
guided locating. However, due to reasons such 
as radiation damage, non-3D imaging, experi-

ence-dependent operation, inappropriate punc-
ture angle, and the effusion of contrast agent, 
the risk of surgery has increased and reduced 
the success rate.

Due to the inability to monitor the expansion 
process during ultrasound-guided puncture, there 
is a higher risk of aggravating collective system 
damage associated with increased renal paren-
chymal thickness and no fluid accumulation in 
the collective system. In this procedure, com-
bined with finger touching, we solved the prob-
lem of a C-arm X-ray not being able to provide a 
3D image. Furthermore, due to the short dilation 
and the discontinuous X-ray surveillance, the 
radiation damage was reduced. Through locating 
by finger touching, the colon, thoracic membrane, 
and large blood vessels were easily avoided. The 
finger touching accurately confirmed the depth of 
the dilator in the kidney, preventing the damage 
caused by a missed puncture. Finger touching 
assistance demonstrated no effect in the estab-
lishment of a puncture path during contrast agent 
overflow. Moreover, the incision (1.5-2 cm) was 
convenient for the operation and search of the 
calculus and reduced the extrusion of the wound 
on the kidney. Due to the above advantages of 
X-ray guidance, complications were clearly re-
duced. When guiding with the finger, the sharp 
needle can stab the operator, therefore, it is 
recommended to use the ton head needle. Our 
surgical experience has shown that the puncture 
needle can completely pierce the fascia, muscle, 
renal parenchyma, calyces mucosa, and other 
structures. Irrigation of the large incisions re-
ceded the renal pressure. During the operation, 
the drainage of fluid overflow from the edge of 
the working sheath and the renal effusion were 
carried out through the large incision, reducing 
the incidences of renal effusion. 

In obese patients, it may be difficult to reach 
the renal surface with the finger, and the depth 
of the finger can be increased by enlarging the 
incision length to 4 cm. In patients whose kidney 
could not be touched, this technique can at least 
shorten the distance of the needle tip in the po-
sition space, increase surgical safety, and allows 
postoperative drainage. 

Typically, the rear renal calix was commonly 
targeted in PCNL punctures performed in the 
prone position. The front renal calix was not 
commonly targeted as the puncture towards this 
part could potentially damage the intestines. In 
our procedure, organs such as the colon, spleen, 
and liver were pushed away by the finger of the 
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surgeon via the small incision. In this way, the 
front renal calix could be targeted without the 
risks of damaging those organs. Multiple front 
renal calix-targeted cases have been successfully 
performed by our surgical team. To compare con-
ventional techniques evidence-based, prospective 
randomized studies including finger touching 
combined X-ray-guided PCNL will be conducted 
further.

Conclusions

Finger touching combined X-ray-guided PCNL 
is a novel technique that has been performed in 
our hospital for many years. Due to the increased 
adjustability of this technique and application in 
different type of patients, it is a feasible alterna-
tive. More importantly, finger touching combined 
X-ray-guided percutaneous nephrolithotomy in 
patients with renal calculus is safe and can accu-
rately guide the puncture with minimal radiation 
damage.

Conflict of Interest
We declare that we do not have any commercial or associa-
tive interest that represents a conflict of interest in connec-
tion with the work submitted.

Acknowledgements
The authors would like to thank 51runse (www.51runse.cn) 
for the English language editing during the preparation of 
this manuscript.

References

  1)	 Wolf SJ. Treatment Selection and Outcomes: 
Ureteral Calculi. Urol Clin North Am 2007; 34: 
421-430.

  2)	 Miller NL, Lingeman JE. Management of kidney 
stones. BMJ 2007; 334: 468-472.

  3)	 Safak M, Olgar T, Bor D, Berkmen G, Gogus 
C. Radiation doses of patients and urologists 
during percutaneous nephrolithotomy. J Radio 
Prot 2009; 29: 409.

  4)	 Sharma GR, Maheshwari PN, Sharma AG, Ma-
heshwari RP, Heda RS, Maheshwari SP. Fluo-
roscopy guided percutaneous renal access in 
prone position. World J Clin Cases 2015; 3: 245-
264.

  5)	 Lu MH, Pu XY, Gao X, Zhou XF, Qiu JG, Jie ST. 
A Comparative Study of Clinical Value of Single 
B-Mode Ultrasound Guidance and B-Mode Com-
bined With Color Doppler Ultrasound Guidance 
in Mini-invasive Percutaneous Nephrolithotomy 
to Decrease Hemorrhagic Complications. Urolo-
gy 2010; 76: 815-820.

  6)	 Tzeng BC, Wang CJ, Huang SW, Chang CH. 
Doppler Ultrasound-guided Percutaneous Neph-
rolithotomy: A Prospective Randomized Study. 
Urology 2011; 78: 535-539.

  7)	 Chi T, Selma M, Li J, Manint U. Ultrasound 
Guidance for Renal Tract Access and Dilation 
Reduces Radiation Exposure during Percuta-
neous Nephrolithotomy. Adv Urol 2016; 2016: 
1-8.

  8)	 Levine AR, Tran M, Shepherd J, Naut E. Util-
ity of initial procalcitonin values to predict uri-
nary tract infection. Am J Emerg Med 2018; 
S0735675718301785.

  9)	 Assimos D. Prevalence of kidney stones in the 
United States. Urol 2012; 188: 2253-2254.

10)	 Fernstrom I, Johansson B. Percutaneous pyelo-
lithotomy. A new extraction technique. Scand J 
Urol Nephrol 1976; 10: 257-259.

11)	 Ghani KR, Andonian S, Bultitude M, Desai M, 
Giusti G, Okhunov Z, Preminger GM, Jean 
D. Percutaneous Nephrolithotomy: Update, 
Trends, and Future Directions. Eur Urol 2016; 
382-396.

12)	 Resorlu B, Kara C, Oguz U, Bayindir M, Unsal A. 
Percutaneous nephrolithotomy for complex cali-
ceal and staghorn stones in patients with solitary 
kidney. Urol Res 2011; 39: 171-176.

13)	 Kumar R, Anand A, Saxena V, Seth A, Dogra PN, 
Gupta NP. Safety and efficacy of PCNL for man-
agement of staghorn calculi in pediatric patients. 
J Pediatr Urol 2011; 7: 248-251.


