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Introduction

Urinary calculus is a disease with a high incidence among 
urological diseases, and renal calculus is the main birthplace 
of urinary calculus. Kidney stone is a kind of stone formed 
by some components of urine in the kidney, which leads 
to some diseases with urinary symptoms. The formation 
process of kidney stones is caused by some factors, such as 

the increase of concentration or the decrease of solubility 
of stone-forming substances in urine, supersaturation, 
precipitation of crystals, local growth and accumulation, 
and finally formation of stones. Kidney stones should 
be differentiated from ureteral stones, bladder stones 
and urethral stones. According to the location of pain, 
hematuria, signs of renal percussion pain and imaging 
examination, the diagnosis can be made clearly. For the 

Original Article

The clinical research of 1,470 nm laser in percutaneous 
nephrolithotomy

Yunwu Wang1, Xiaolei Tang2, Hongye Hu1

1Department of Urology, the Second Affiliated Hospital of Wannan Medical College, Wuhu, China; 2Department of Basic Laboratory, the Second 

Affiliated Hospital of Wannan Medical College, Wuhu, China

Contributions: (I) Conception and design: Y Wang; (II) Administrative support: X Tang; (III) Provision of study materials or patients: H Hu; (IV) 

Collection and assembly of data: Y Wang, X Tang, H Hu; (V) Data analysis and interpretation: Y Wang, X Tang; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Xiaolei Tang, MD, PhD. Department of Basic Laboratory, the Second Affiliated Hospital of Wannan Medical College, Wuhu, 

China. Email: 213428380@qq.com.

Background: Percutaneous nephrolithotomy (PCNL) is the primary method for the treatment of renal 
calculi. The preservation of the nephrostomy tube after operation brings severe pain to the patients. We use 
a 1,470 nm semiconductor laser to stop bleeding after the operation, which cannot reserve the nephrostomy 
tube, fully reflect its safety and effectiveness, and provide a new method for clinical practice. 
Methods: Forty-two patients with renal stones who came to our hospital from March 2016 to September 
2019 were randomly divided into two groups: laser operation group (20 patients) and traditional operation 
group (22 patients). The stone removal rate, surgical effect, and postoperative complications were compared 
between the two groups. 
Results: There was no significant difference in the stone clearance rate between the two groups at the 
4th week after operation (P>0.05). However, the incidence of postoperative infection, incision pain, and 
massive bleeding in the laser surgery group were lower than those in the traditional surgery group (P<0.05). 
However, there was no significant difference in urine extravasation and postoperative hematuria between 
the two groups (P>0.05). The average postoperative hospital stay in the laser surgery group was shorter than 
that in the traditional surgery group, and the difference was statistically significant (P<0.05). Simultaneously, 
there was no significant difference in operation time, intraoperative blood loss, and medical expenses 
between the two groups (P>0.05).
Conclusions: The 1,470 nm laser is safe, effective, and feasible in PCNL operation, especially in 
hemostasis of the renal puncture channel, and it is worth popularizing.

Keywords: Renal stones; 1,470 nm laser; percutaneous nephrolithotomy (PCNL); nephrostomy tube

Submitted Jul 02, 2020. Accepted for publication Sep 30, 2020.

doi: 10.21037/tau-20-1224

View this article at: http://dx.doi.org/10.21037/tau-20-1224

2178

https://crossmark.crossref.org/dialog/?doi=10.21037/tau-20-1224


2173Translational Andrology and Urology, Vol 9, No 5 October 2020

  Transl Androl Urol 2020;9(5):2172-2178 | http://dx.doi.org/10.21037/tau-20-1224© Translational Andrology and Urology. All rights reserved.

treatment of kidney stones, percutaneous nephrolithotomy 
(PCNL) is a standard minimally invasive operation. 
Compared with open surgery, it has the advantages of 
less trauma, quick recovery, and high cure rate (1,2). It is 
challenging dealing with puncture channel bleeding and 
calyceal neck bleeding during PCNL operation, which 
often requires an indwelling nephrostomy tube to stop 
bleeding after the operation. Indwelling nephrostomy 
tube increases the incidence of postoperative waist pain 
and discomfort and postoperative infection and prolongs 
the hospital stay (3-5). To control bleeding and improve 
patients' postoperative comfort, scholars at home and 
abroad have attempted to use cylindrical balloon tubes to 
create a fistula or absorbable hemostatic material to fill the 
channel (6-8), and use post-operation plasma/vaporization 
electrodes to stop bleeding in the skin and kidney channel 
(9). From March 2016 to September 2019, our team used 
the characteristics of the 1,470 nm laser to stop bleeding 
in 20 of 42 PCNL patients and observed various indexes 
of its application effect during and after the operation. We 
aimed to improve the safety of PCNL and the postoperative 
comfort of patients in our hospital. Its effect is remarkable, 
and its safety is high, reported as follows.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1224).

Methods

General information

From March 2016 to September 2019, 42 patients with renal 
calculi were selected as PCNL. All patients were diagnosed 
by urinary B-ultrasound or Computed Tomography (CT) 
before the operation, and some complicated kidney stones 
were examined by magnetic resonance urography (MRU) 
or three-dimensional imaging before the operation. This 
study received ethical approval from the ethics committee 
of clinical medical research, drugs, instruments, and new 
technologies in the Second Affiliated Hospital of Wannan 
Medical College (No. WYEFYLS201601).

Inclusion criteria: (I) the diameter of a single stone is 
between 1.5 and 3.0 cm, and multiple unilateral kidney 
stones or stones at the ureteropelvic junction with 
hydronephrosis are apparent; (II) no previous history 
of open kidney surgery; (III) can fully understand and 
cooperate, informed consent of the operation and sign. 
Exclusion criteria: (I) cast, staghorn kidney stone or complex 

kidney stone with a maximum diameter greater than 3.0 
cm and high CT value; (II) renal infection or urinary tract 
malformation; (III) complicated with severe circulatory 
diseases and abnormal coagulation function; (IV) poor 
general condition before the operation, disagreeing with 
participants. All surgical patients signed informed consent, 
which was examined and approved by the Medical Ethics 
Committee of our hospital. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013).

We divided the patients with an indwelling nephrostomy 
tube and a double J tube into the traditional operation 
group. Only double J tubes were indwelled without 
nephrostomy, which was treated by laser surgery. Twenty 
cases without nephrostomy after PCNL were randomly 
selected as laser surgery groups. Twenty-two patients with 
the same number of puncture passages and similar stone 
volumes were selected as the traditional operation group. 
There was no significant difference between the two groups 
in gender, age, BMI index, diameter, and location of kidney 
stones (P>0.05, see Table 1), which was comparable.

The patients were divided into the traditional operation 
group after the operation and the double J tube. The 
double J tube without renal fistulas was used as the laser 
operation group. Twenty cases without renal fistulas after 
PCNL operation were randomly selected as the laser 
operation group. The 22 patients who had the same number 
of puncture channels and a similar volume of stones were 
the traditional operation group. The two groups had no 
significant difference in gender, age, BMI index, diameter, 
and location of renal calculus (P>0.05, see Table 1).

Surgical methods

There are no surgical contraindications in the preoperative 
evaluation of the two groups of patients, all of whom are 
under general anesthesia. After adequate anesthesia, the 
cystolithotomy position is taken, disinfected, and draped. 
First, the 5F ureteral catheter is retrogradely placed on the 
affected side with a hard ureteroscope, and the distal end 
connects to a self-constructed artificial pressure device to 
form artificial hydronephrosis. The 16F urinary catheter 
supports catheterization, and the ureteral catheter is fixed on 
the catheter. Change the prone position, pad the abdomen 
high, lower the head and lower the feet, and fully expand the 
intercostal space. Disinfect again, spread the towel, position 
the target calices for puncture under the guidance of color 
Doppler B-mode ultrasound, observe the puncture depth 

http://dx.doi.org/10.21037/tau-20-1224
http://dx.doi.org/10.21037/tau-20-1224


2174 Wang et al. 1,470 nm laser is safe, effective, and feasible in PCNL operation

  Transl Androl Urol 2020;9(5):2172-2178 | http://dx.doi.org/10.21037/tau-20-1224© Translational Andrology and Urology. All rights reserved.

after a successful puncture, retain the guide-wire, cut the skin 
to the dermis, expand it from 6F to 20F along the guide-wire 
with the dilator in turn, and retain the 20F working sheath. 
The nephoscopy was placed in the working sheath to search 
for stones, and ultrasonic/pneumatic ballistic lithotripsy was 
performed with the EMS system.

Traditional operation group: after the operation, an 18F 
nephrostomy tube was placed in the working sheath, the 
stoma was sutured and fixed, and the nephrostomy tube 
was closed for 2 hours and then opened according to the 
bleeding situation.

Laser operation group: If it is found the unclear operation 
field affects the lithotripsy due to bleeding during the 
operation, a 1,470 nm laser will be used to stop bleeding 
at once. After the stone is removed, the 5F double J tube is 
retained, the 1,470 nm optical fiber (straight out and side out) 
is replaced, and the electrocoagulation power is set at 40 W. 
To avoid the oscillation of the optical fiber, we put the optical 
fiber into the self-produced metal control rod, with the 
head end exposed slightly and the tail end fixed. At first, the 
active bleeding points of renal pelvis and calyces were treated 
with electrocoagulation to stop bleeding, then retreated to 
the inner edge of the cutaneous renal channel, rotated, and 
retreated the skinning sheath, and immediately treated with 
electrocoagulation to stop bleeding until the renal capsule. 
Withdraw from the nephoscopy and peel the sheath. Water 
that was clear flowed out of the channel, followed by a suture 
of the muscular layer, subcutaneous layer, and skin.

On the second day after the operation, B-ultrasound 
was reexamined in both groups to determine the perirenal 
condition and the position of double J tubes. After 

reexamining urinary CT or B-ultrasound in the 3rd week 
after the operation, it was found there was no apparent 
residual stone, and then the double J tube was pulled out, 
and the residual stone with a diameter less than 3 mm was 
meaningless. In the catheterization group, the nephrostomy 
fistula was pulled out after reexamination on the third day 
after the operation.

Observation and comparison of various indicators

The stone clearance rate, the incidence of postoperative 
complications (urinary extravasation, intrarenal infection, 
channel bleeding, channel pain, postoperative hematuria), 
operation time, intraoperative blood loss, medical expenses, 
average postoperative hospital stay, and other data were 
observed and compared between the two groups.

Statistical analysis

Statistical methods were analyzed by SPSS 21.0 software, 
the measurement data were expressed by mean, standard 
deviation, t-test made the comparison, and the comparison 
of counting data was made by c2 test, P<0.05 was 
statistically significant.

Results

Comparison of postoperative complications and stone 
clearance rate between the two groups

There was no significant difference in stone clearance 

Table 1 Comparison of basic data between two groups of patients

Clinical parameters Laser operation group (n=20) Traditional operation group (n=22) t value P value

Male/female 12/8 14/8 0.216 0.641

Age (years) 41.3±9.2 43.5±7.8 1.125 0.224

Stone diameter (mm) 18.3±6.3 19.6±5.8 0.754 0.474

Lateral classification of stones 0.175 0.837

Left 11 14

Right 9 8

Stone location 0.076 0.902

Upper lamp 4 5

Middle lamp 12 11

Lower lamp 4 6



2175Translational Andrology and Urology, Vol 9, No 5 October 2020

  Transl Androl Urol 2020;9(5):2172-2178 | http://dx.doi.org/10.21037/tau-20-1224© Translational Andrology and Urology. All rights reserved.

rate, urine extravasation, and postoperative hematuria 
between the two groups (P>0.05). However, the incidence 
of intrarenal infection, channel pain, and channel bleeding 
in the laser surgery group were lower than those in the 
traditional surgery group, and the difference was statistically 
significant (P<0.05, see Table 2).

Comparison of clinical indexes between two groups of 
patients

There was no significant difference in operation time, blood 
loss, and medical expenses between the two groups (P>0.05). 
However, the average postoperative hospital stay in the 
laser surgery group was shorter than that in the traditional 
surgery group, and the difference was statistically significant 
(P<0.05, see Table 3).

Discussion

Nowadays, PCNL is still an indispensable way to treat 
upper urinary tract stones (10). However, the significant 
risk of PCNL is the bleeding of the cutaneous renal channel 
or mucous membrane of the renal pelvis and calyceal, 
which not only increases the difficulty of lithotripsy and 
stone removal but also prolongs the operation time and 
increases the postoperative complications. To achieve the 

goals of compressing the skin and kidney channel to stop 
bleeding, draining urine to prevent infection, and removing 
residual stones in the second stage (11), most patients still 
have nephrostomy tubes after PCNL. With the retention 
of a nephrostomy fistula, most patients have apparent 
discomfort, which also increases the possibility of bleeding, 
infection, and other complications (12).

In recent years, with the improvement of medical 
instruments and PCNL technology, various new surgical 
instruments have been widely used in this operation, 
the primary purpose of which is to improve the safety 
and effectiveness of the operation, reduce postoperative 
complications and increase patients' comfort. Among them, 
it has been one of the contents of discussion on whether the 
conventional indwelling nephrostomy tube is needed after 
PCNL operation. Some scholars have adopted completely 
tubeless (no nephrostomy tube, double J tube), but the 
author hypothesizes the precondition of tubeless is complete 
hemostasis during operation or no visible bleeding on the 
wound surface of the tunnel. Although there are several 
hemostatic methods in PCNL, the effect is not satisfactory, 
especially for beginners. Since the development of 1,470 
nm laser technology in our hospital, it has been found it 
has several advantages. Its advantages are initially reflected 
in the vaporization cutting of soft tissues, including 
prostatic hyperplasia and bladder tumors. The laser has 

Table 2 Comparison of complications and stone clearing rate between the two groups

Observation item Laser operation group (n=20) Traditional operation group (n=22) χ2 value P value

Urine extravasation (%) 1 (5.0) 2 (9.1) 1.284 0.294

Intrarenal infection (%) 1 (5.0) 10 (45.5) 9.087 0.003

Channel bleeding (%) 0 (0.0) 4 (18.2) 3.056 0.010

Passage pain (%) 1 (5.0) 9 (40.9) 8.725 0.003

Postoperative hematuria (%) 3 (15.0) 4 (18.2) 0.897 0.372

Stone clearance rate (%) 19 (95.0) 21 (95.5) 0.028 0.914

Table 3 Comparison of surgical effects between two groups of patients

Observation item Laser operation group (n=20) Traditional operation group (n=22) t value P value

Operative time (min) 56.5±6.1 53.2±5.8 0.623 0.712

Postoperative hospital stays (d) 3.6±0.6 5.8±1.2 3.897 0.010

Intraoperative blood loss (mL) 70.3±15.4 76.2±11.8 0.935 0.384

Medical expenses (yuan) 10230.0±418.5 9985.4±489.4 0.764 0.632
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the advantages of small thermal damage to soft tissues and 
strong controllability. It can accurately control the depth 
and range of tissues by using contact electrocoagulation, 
thus achieving the effect of rapid hemostasis (13). According 
to the above characteristics of the 1,470 nm laser, the author 
assumes PCNL is also effective in hemostasis of renal 
pelvis and calyceal hemorrhage, especially cutaneous renal 
channel hemorrhage, rarely reported in domestic literature. 
Through this study, the characteristics and practical scope 
of the laser are further confirmed, and an innovative method 
is also supplied for PCNL to stop bleeding through the skin 
and kidney channel.

Color Doppler B-ultrasound successfully punctured all 
patients in this study group, the channel was established 
satisfactorily, the operation process was smooth, the rate of 
stone removal was high after the operation, there was no 
pleural effusion, no other organ injury, no major bleeding 
and other complications during the operation. There were 4 
cases (13.6%) of bleeding in the traditional operation group 
after the operation, the amount of bleeding was 800–1,400 
mL, with an average of (1,142±80) ml. After symptomatic 
treatment for 2 days, there were still 2 cases of intermittent 
massive bleeding, which got better after emergency selective 
renal arteriography embolization. The causes of persistent 
bleeding after operation may be the tearing of renal pelvis 
or calyces, perforation of mucous membranes, rupture 
of small renal vessels, among many others. However, the 
intermittent bleeding after operation may be complicated 
with renal arteriovenous fistula or pseudoaneurysm (14). 
However, none of the patients in the laser surgery group 
had massive postoperative bleeding. These results may 
be caused by using a 1,470 nm laser to coagulate and stop 
bleeding at the bleeding points of the renal pelvis, calyceal 
neck, and cutaneous renal channel during operation. These 
procedures were done to achieve a clear operation field, 
reduce postoperative bleeding, and avoid postoperative 
bleeding due to friction of the nephrostomy fistula. Its 
principle is the same as a 1,470 nm laser in prostatectomy. 
Due to the small sample size, it is necessary to expand the 
sample size further to support this view.

Some scholars have found the rate of stone clearance 
is similar between completely and partially without tubes 
(only double J tubes are reserved), and the incidence of 
postoperative urinary fistula, hematuria, and renal colic 
is low (15), which is like the results of this study. There is 
no significant difference in postoperative complications 
between the two groups, but the incidence of postoperative 
infection in the tube group 6 (27.3%) is significantly higher 

than that in the non-tube group 1 (5.0%). The comparison 
between the two groups is statistically significant. Some 
scholars believe the puncture channel of the non-tube 
PCNL is closed in time after the operation, which reduces 
the contact between the renal environment and the outside 
world and reduces the risk of retrograde infection after 
nephrostomy (16). The incidence of postoperative pain in  
9 cases (40.9%) of the managed group was significantly 
higher than that in 1 case (5.0%) of the non-managed 
group, which was consistent with the research results of 
some scholars (17,18). This study found although there was 
a significant difference in the postoperative hospital stay 
between the two groups (P<0.05), there was no significant 
difference in the operation time and intraoperative blood 
loss, which was consistent with the research results of 
Chung (19). We hypothesize that several factors influence 
operation time, including the skill of the operator, the 
cooperation degree of the team, the instruments used, 
among many others.

In the laser surgery group, one patient showed moderate 
to severe hydronephrosis by CT before the operation. 
After obtaining the consent of the client during operation, 
the nephrostomy was not kept after the operation. The 
patient had a good prognosis and no related complications. 
The author believes not all patients need to stop bleeding 
or indwelling nephrostomy in PCNL surgery, which has 
an excellent relationship with the selection of puncture 
points, surgical skills, clinical experience, renal parenchyma 
thickness, stone location, and other factors. However, the 
1470 nm laser has a visible hemostatic effect for patients 
with apparent bleeding in the skin and kidney channel, 
more thorough than other methods.

To reduce the risk of bleeding and improve operation 
efficiency, the author improved some instruments in 
PNCL. (I) Selection of skin and kidney channel: instead of 
the previous standard channel, i.e., the metal nested 24F 
working channel, the 20F skinning sheath is used, which 
has the advantage of elasticity and shape variability and 
the tearing rate of the calyceal neck when nephroscope 
swings during operation are significantly lower than 
the standard channel metal sheath (20). Also, it is more 
convenient to take out stones by using foreign body forceps 
under nephroscope, and even if the shape of stones is 
irregular, stones can be taken out by changing the shape 
of the skinning sheath, which significantly improves the 
efficiency of stone cleaning. (II) To prevent the 1,470 nm 
semiconductor laser fiber from swinging excessively in 
the nephroscope, we put the fiber out of the self-made 
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metal rod, fixed the distal end of the fiber with sterile 
transparent paste, leaked the proximal end of the fiber 
(straight bundle fiber 0.3 cm, side bundle fiber 0.8–1.0 cm).  
Then, we rotated and unsheathed it, and found that 
arterial bleeding was given non-contact electrocoagulation. 
This effectively reduced the risk of channel bleeding and 
postoperative venous fistula bleeding. (III) 1,470 nm laser 
electrocoagulation can also be used to stop bleeding due to 
friction, bleeding between stones, and renal pelvis/calyceal 
mucosa, calyceal neck fissure, among many others. Through 
the above improvements, the operation time is shortened, 
the risk of bleeding is reduced, and the operation safety is 
improved.

Together, this study found that the use of 1,470 nm laser in 
PCNL surgery can reduce intraoperative and postoperative 
bleeding, reduce the risk of surgery, improve the 
effectiveness of surgery, and provide an innovative method 
for postoperative management. The hemostatic effect is 
better for the inconspicuous hydronephrosis, because the 
renal parenchyma is thick and the blood vessels are not easy 
to retract. If the puncture channel bleeds, it is satisfactory to 
use 1470 laser to stop bleeding. If the bleeding in the false 
channel occurs when the straight-out laser is used to stop 
bleeding, the side-out laser should be used to stop bleeding. 
For channel bleeding with heavy accumulated water, the 
pressure of perfusion water should be reduced when stopping 
bleeding, so as to prevent water from seeping out to the 
periphery of kidney. Indwelling nephrostomy fistula after 
hemostasis. We now use high-definition B-ultrasound to 
visually locate the puncture in kidney puncture, which can 
avoid the main blood vessels, not only reduce the chance of 
damaging blood vessels during puncture, but also reduce the 
kidney damage caused by multiple punctures. Therefore, 
the application of this laser in PCNL is safe, effective, and 
feasible, and it is worth popularizing. With the improvement 
of PCN operation technology and medical equipment, the 
risk rate of PCN operation will be reduced, the safety of 
operation will be improved, and the postoperative comfort of 
patients will be better.
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