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Abstract: X-ray-free ultrasound-guided percutaneous nephrolithotomy (PCNL) has been pro-

ven to be safe, feasible, and affordable. Kidney dilatation during X-ray-free ultrasound-guided

PCNL is mostly using balloon dilators. This report presents our experience of performing X-ray-

free ultrasound-guided PCNL in supine position usingAlkenmetal telescopic dilators in a patient

with a large kidney stone. A 50-year-old male presented with right complete staghorn stone sized

46×30×24 mm (stone burden: 50,985 mm3 with sphere formula) and grade II hydronephrosis.

The computed tomography (CT) scan showed no right ureteric stone, kinking, or stenosis.

Ureteral catheter and guidewire were placed retrogradely under ultrasound guidance during

cystoscopy. Normal saline was pumped via the ureteral catheter to make artificial hydronephrosis

thus assisting the process. Kidney dilatation was performed with Alken metal telescoping

dilators. Urine flow from the dilators confirmed that our dilator had reached the collecting

system. The stone was identified and fragmented with combination of both pneumatic and

shock pulse lithotripter. Double J stent and nephrostomy tubes were inserted at the end of the

procedure. All of the steps were performed purely under ultrasound guidance. There was no

residual stone after the procedure, confirmed by ultrasound, nephroscope, and postoperative X-

ray. There was no significant complication during or after the procedure. The patient was

discharged on postoperative day two. X-ray-free ultrasound-guided PCNL in supine position

using Alkenmetal telescoping dilators seems to be a feasible, safe, and cost-effective approach in

managing kidney stones, including staghorn and large stones.
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Introduction
Percutaneous nephrolithotomy (PCNL) is currently accepted as the gold-standard

procedure for most patients with staghorn and large kidney stones more than

20 mm.1,2 Fluoroscopy use during PCNL increases the ionizing radiation hazards.3

Although it is known for harmful X-ray radiation exposure to patients and urologist,

fluoroscopy is still widely used for PCNL guidance.4,5 Currently, ultrasound emerged

as a promising alternative to fluoroscopy in many countries.6 X-ray-free ultrasound-

guided PCNL has been proven to be safe, feasible, and more affordable.4,7,8

Traditional prone position for PCNL is associated with several disadvantages,

such as anaesthetic, surgical, or logistical problems.9 Therefore, supine position has

gained more popularity due to shorter operating time and less frequent circulatory
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or ventilatory complications.10,11 Although supine position

had lower rate of complication, a meta-analysis found that

supine position had a lower stone-free rate.11

During PCNL, kidney puncture and tract dilatation with

access sheath insertion are the most important steps.12

Currently, there are three commonly usedmethods for kidney

dilatation; sequential fascial dilators (Amplatz), one-step

balloon dilatation, and metal telescoping dilators (Alken).12

Metal telescopic dilators are more economical due to their

reusable properties.12 Metal telescopic dilators also sustain a

tamponade effect during the kidney dilatation.12 However,

X-ray-free ultrasound-guided PCNL are mostly using bal-

loon dilators. To our knowledge, Alken metal telescoping

dilators are never reported by other centers to be used for

dilatation during supine X-ray-free ultrasound-guided

PCNL. However, we have performed this technique for

neglected double J (DJ) stent case.13 The aim of this report

is to present our experience of performing X-ray-free ultra-

sound-guided PCNL in supine position using Alken metal

telescopic dilators in a patient with a large kidney stone.

Case Presentation
A 50-year-old male visited the outpatient urology clinic with

chief complaint of worsening bilateral flank pain during the last

three months. The pain was dull and not radiating. There was

history of passing stones. The patient also had history of hyper-

tension and type 2 diabetes mellitus, currently controlled with

oral medication. Physical examination did not reveal any

pathology. Laboratory examination showed increased creati-

nine level of 3.4mg/dL.Noncontrast computerized tomography

(CT) scan revealed right complete staghorn stone sized

46x30x24 mm (stone burden: 50,985 mm3 with sphere

formula)14 with grade II hydronephrosis and left proximal

ureteral stone sized 31x16x13 mmwith grade IV hydronephro-

sis (Figure 1). Left nephrostomy was then performed. However

the daily production of nephrostomy was minimal. Renogram

showed diminished function of left kidney with glomerular

filtration rate (GFR) of 3.95 mL/minute and split function of

11.2%. We elected to perform right PCNL first and left laparo-

scopic nephrectomy in another setting (not discussed) for this

patient. One gram of intravenous cefoperazone was given as

prophylactic antibiotic before the PCNL procedure.

Evaluation of the Ureter from the CT

Scan
Before the procedure, we made thorough evaluation of the

ureter from the CT scan. We made sure that there was no

ureteric stone, kinking, or stenosis in the right side (Figure 2).

Insertion of guidewire and ureteral catheter with cystoscopy

under ultrasound guidance was then planned. If there was any

abnormality in the ureter, the insertion of guidewire and

ureteral catheter can be performed under ureteroscopy gui-

dance to avoid fluoroscopy usage.

Placement of Guidewire and Ureteral

Catheter
The patient was placed in a modified-lithotomy position with

maximal abduction of the right leg (Figure 3). A custom-built

cushionswere placed on the right flank and leg tomake theflank

approximately 15 degrees relative to the operating table. A (5 Fr/

70 cm) open-end ureteral catheter was inserted into the right

ureteral orifice during cystoscopy (22.5 Fr/70° lens). We con-

firmed that ureteral catheter had reached the collecting system in

three ways. First, appearance of ureteral catheter in ultrasound

images during insertion (Figure 4A). Second, there was flow of

Figure 1 CT scan showed right complete staghorn stone with left proximal ureteral stone.
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urine from the ureteral catheter. Third, there was water-jet

appearance on the ultrasound when normal saline was flushed

from the ureteral catheter (Figure 4B). We also inserted second

guidewire (zebra nitinol guidewire, 3 cm angled-tip, size 0.035

in x 150 cm) to the right collecting system after placement of the

ureteral catheter also with ultrasound guidance.

Ultrasound-guided Kidney Puncture
After the cystoscopy procedure, the right leg was moved back

medially to avoid disturbance of puncture site and limitation of

nephroscope movement (Figure 5). Important landmarks, such

as the iliac crest, anterior and posterior axillary line, the eleventh

and twelfth ribs were marked. During kidney puncture, normal

saline was pumped into the collecting system via the previously

inserted ureteral catheter to make artificial hydronephrosis thus

assisting the process. The ultrasound probe (BKmedical falcon

2101 EXL ultrasound machine) was placed on the right mid-

axillary line, parallel to the eleventh rib to identify the right

kidney and its surrounding structures. The ultrasound probe

was swept back and forth to visualize the important structures,

such as cortex, collecting system, stone, and target calyx. The

measured skin-to-stone distances were 60.7 mm. It was used to

estimate the depth during kidney puncture and tract dilatation.

A 20-cm puncture needle (1.3 mm/17.5 G) was used during

kidney puncture under ultrasound control. The right inferior-

posterior calyx was targeted. Some adjustments of the needle

were performed to identify the needle tip eventually reaching

the intended calyx (Figure 6). The kidney access time (time

Figure 2 Coronal (A) and sagittal (B) plane view of the right ureter reconstruction showed no ureteric stone, kinking, or stenosis.

Figure 3 The patient was placed in modified-lithotomy position. The left leg was in lithotomy position, while the right leg was abducted as laterally as possible.
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from initial kidney ultrasound imaging to successful puncture)

were 2.6 minutes. Kidney puncture was attempted twice

because the first attempt was unsuccessful. Successful puncture

was confirmed with urine flow from the puncture needle.

Ultrasound-guided Tract Dilatation with

Alken Metal Telescoping Dilators
Guidewire (0.035-inch J-shaped stiff guidewire) was

advanced through the puncture needle under ultrasound gui-

dance. The puncture needle was then removed. Additional

1 cm transverse incision was performed to allow insertion of

30 Fr Amplatz sheath. Fascial dilatation was performed with 8

Fr, 10 Fr, and 12 Fr fascial dilator under ultrasound guidance.

Kidney dilatation was performed with Alken metal telescop-

ing dilators (6 Fr x 30 Fr) under ultrasound guidance. The

Alken metal telescoping dilators had reusable properties thus

more cost-effective for PCNL procedure in our center. Urine

flow from the metal telescoping dilators confirmed that our

dilator had reached the right collecting system. A 30 Fr/17 cm

Amplatz sheath was placed under ultrasound guidance. The

total tract dilatation times (time from insertion of the guidewire

to advancement of the Amplatz sheath) were 3.7 minutes.

Stone Fragmentation and Evacuation
The 30 Fr rigid nephroscope was used during our PCNL

procedure. The stone was identified and then fragmented with

combination of 3.4 Fr pneumatic and 3.78 Fr shock pulse

lithotripters. Previously inserted guidewire during cystoscopy

was identified and taken out with forceps for safety reason.

Normal saline that wsa pumped from the ureteral catheter

prevented the migration of stone fragments into the ureter and

increased the collecting system visualization (Figure 7). The

Figure 4 (A) Appearance of ureteral catheter (arrow) in collecting system during insertion; (B) Water jet appearance (arrow) when normal saline was flushed from the

ureteral catheter.

Figure 5 During puncture and stone fragmentation, the right leg was returned to

the center to avoid disturbance of puncture site and limitation of nephroscope

movement.

Figure 6 Ultrasound showed the tip of puncture needle (arrow) had reached the

target calyx.
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stone fragments were evacuated with stone forceps. During this

procedure, there was no residual stone, confirmed with both

ultrasound and nephroscope (Figure 8).

Placement of DJ Stent and Nephrostomy

Tube
There was infundibular laceration noted during this procedure.

We decided to insert 6 Fr DJ stent and 8 Fr nephrostomy tube

antegradely. The DJ stent was insertedwith guidewire guidance

under direct visualization with nephroscope. Ultrasound con-

firmed the position of distal-coil of DJ stent in the bladder. The

nephrostomy tube was inserted with guidewire guidance and

confirmed by using ultrasound.

The total surgery time was 175 minutes. Blood loss during

the procedure was 500 mL and the patient had packed red cell

transfusion of 252 mL after the procedure. Evacuated stone

fragments were shown in Figure 9A. Aside from blood trans-

fusion, there was no other significant complication during and

after the procedure. Postoperative creatinine level was 3.7 mg/

dL. Postoperative kidney ureter bladder (KUB) photo showed

no residual stone on the right kidney (Figure 9B). The

nephrostomy tube was removed on postoperative day two.

The patient was also discharged on postoperative day two.

Figure 7 Irrigation solution that were pumped via the ureteral catheter increased the collecting system visualization and prevented stone fragments migration.

Figure 8 The stone was visualized with 30 Fr rigid nephroscope (A) and fragmented with combination of pneumatic and shock pulse lithotripters (B). There was no residual

stone after the PCNL procedure (C).
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Discussion
Approximately 86.3% of PCNL cases worldwide were per-

formed under fluoroscopy control, as reported by the CROES

(Clinical Research Office of the Endourological Society)

Global PCNL study.15 However, fluoroscopy use in the

PCNL will increase the the hazards of radiation exposure to

the patient.3 This paper would like to showcase that X-ray-free

ultrasound-guided PCNL is a feasible alternative method. In

our experience, we had successfully performed an X-ray-free

ultrasound-guided PCNL in a patient with complete right

staghorn stone using Alken metal telescoping dilators. Use

of these dilators was never reported before in an X-ray-free

ultrasound-guided PCNL. There was no residual stone after

the PCNL procedure. A meta-analysis found a nearly identical

stone-free rate between the ultrasound-guided and fluoro-

scopy-guided PCNL (77.3% and 78%, respectively).7

In our case, there was no significant complication dur-

ing or after the procedure. However, the patient needed to

have packed red cell transfusion of 252 mL after the

procedure. Similar to what we have reported in this case,

several studies found no significant difference of compli-

cation between ultrasound-guided and fluoroscopy-guided

PCNL.16–19 Moreover, meta-analysis by Yang et al, even

showed that ultrasound-guided PCNL had a significantly

lower complication rate.7 Our result and current evidence

showed positive remarks of safety in performing X-ray-

free ultrasound-guided PCNL.

We performed the PCNL procedure in supine position

for this case because it has lower complication rate com-

pared to prone position.10,11 Although meta-analysis found

that supine position had lower stone free rate when com-

pared to prone position,9 our result showed that stone-free

status was attainable with supine position, even in the

large complete staghorn stone case. The clinical judgment

to determine the suitable position during X-ray-free ultra-

sound-guided PCNL should be based on each patient's

profile and experience of the operating surgeon.

During PCNL procedure, both kidney puncture and tract

dilatation are the important steps. Tract dilatation can be

performed with several methods.12,20 However, X-ray-free

ultrasound-guided PCNLs are mostly using balloon dilators

for tract dilatation. In our experiences, we used Alken metal-

lic telescopic dilators. These dilators are reusable and can

sustain a tamponade effect throughout the dilatation process.

Due to their reusable-properties, metal telescopic dilators are

subjectively more cost-effective.9 Although all of the dilata-

tion methods are usually safe, meta-analysis by Dehong et al

found that metal telescopic dilators are associated with

higher blood loss.20 In this case, the blood loss was 500 mL

and the patient needed a blood transfusion after the PCNL

procedure. However, this also can be caused by a variety of

factors, especially the high stone burden in this case.

Conclusions
As reported, the X-ray-free ultrasound-guided PCNL in

supine position using Alken metal telescoping dilators

for large kidney stone had shown quite good results. This

could be a good alternative for urological centers with no

access to fluoroscopy.

Figure 9 (A) Evacuated stone fragments during the procedure; (B) Postoperative KUB photo showed no residual stone in the right kidney with correctly positioned DJ

stent.
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