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Abstract

Objective: To determine an efficient method for treating upper ureteral impacted stones, we compared the outcome of minimally invasive percutaneous nephrolithotomy
(MPCNL) with the aid of our patented system (PMPCNL), traditional MPCNL, and transurethral ureteroscopy. PATIENTS AND Methods: From September
2009 to Septmber 2014, 4 hospitals in China had executed this prospective multicenter study. A total of 273 patients with complicated impacted upper ureteral
stones above the level of L4 were randomly divided into 3 groups. Group 1 included 91 patients who were treated with MPCNL with the aid of a patented system.
Group 2 included 91 patients who were treated with traditional MPCNL .Group3 included 91 patients who were treated with ureteroscopy. The patients underwent
postoperative shock wave lithotripsy, when necessary. The operative time, stone clearance rate, operative complication markers (amount of intraoperative bleeding and
postoperative fever rate), and cost of treatment were compared.

Results: A significantly shorter operative time, greater rate of stone clearance, lower need for postoperative shock wave lithotripsy, and lower rate of postoperative
fever was found in group 1 and group 2 compared to group 3 (p<0.05). However, the cost of treatment and amount of intraoperative bleeding in groups 1 and 1 were
significantly greater. PMPCNL group was superior to MPCNL group in terms of operation time, incidence of postoperative fever, and stone-free rate by one surgery.

Conclusion: MPCNL with the aid of the patented system could be the first choice in treating complicated impacted upper ureteral stones above the level of L4.

Abbreviations: URS: Ureteroscopy; PCNL: percutaneous neph-  invented a patented system (patent number Z1200820137434.6) with
rolithotomy; PMPCNL: patented system assisted minimally invasive suctioning ability to facilitate minimally invasive PCNL (PMPCNL).
nephrolithotomy; MPCNL: minimally invasive nephrolithotomy; IVU: This system was found to be very effective in clearing kidney stones in
Intravenous urography; CT: Computerized tomography; KUB: X-ray of 3 previous study we conducted, compared to standard tract PCNL [4].
kidneys, ureters, and bladder; UTT: Urinary tract infection; SWL: Shock e designed this current study to compare the outcome of PMPCNL

wave lithotripsy versus traditional minimally invasive PCNL (MPCNL) versus URS,
Introduction sought to find an effective and safe method in treating the impacted

upper ureteral stones.
Impacted ureteral stones usually refer to ureteral stones located

in a same place for more than 2 months, or stones that prevent the
passage of a guidewire or a ureteral catheter [1, 2]. In the southern part
of China, impacted upper ureteral stones are very common, resulting
from their being surrounded by ureteral polyps, or from reduced
cavitation effect due to a lack of aqueous medium on the surface of the
stone [3]. The outcome of shock wave lithotripsy (SWL) in impacted #contribute equally
upper ureteral stones was not ideal and nowadays ureteroscopy (URS)
and percutaneous nephrolithotomy (PCNL) have become the main
modalities. In order to increase the efficacy of stone clearance, we
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Patients and methods
Clinical data

From September 2009 to Septmber 2014, 4 hospitals in China had
executed this prospective multicenter study with a total of 273 patients
including 157 males and 116 females. Their age ranged from 19 to 75
years. There were 126 patients with left ureteral stone and 147 patients
with right ureteral stone. All patients had B ultrasonography of the
urinary system, intravenous urography (IVU), or CT of the urinary
system. All these patients had a ureteral stone at the proximal segment
of the ureter above the level of L4. These stones were diagnosed as
impacted ureteral stones either because the stone was found to have
been in the same position for more than 2 months, or an IVU contrast
agent could not pass the stone with at least a moderate degree of
hydronephrosis with ectasis of the renal pelvis more than 4 cm. The
patients were fully instructed on the nature of the study, and informed
consent was obtained. Our exclusion criteria included coagulopathy,
serious heart disease or pulmonary insufficiency, severe kyphosis and
scoliosis deformity, extreme obesity, active infection, urinary tract
abnormalities, a simultaneous kidney stone needing operation, and
pregnancy. We used a random number table to divide the patients
into 3 groups with 91 patients in each group, based on the admission
sequence of the patients. Group 1 received ureteroscopy (URS group);
Group 2 received traditional MPCNL (MPCNL group); Group 3
received PMPCNL (PMPCL group). In Group 1, the stone size ranged
from 7 mmx5mm to 27 mmx15 mm, the average size was 15 mmx8.5
mm. There were 64 patients in this group with moderate hydronephrosis
and 27 patients with severe hydronephrosis. There were 13 patients
complicated by urinary tract infection (UTI) and 9 patients who had
failed SWL therapy. The stone size in Group 2 ranged from 7mmx6mm
to 26 mmx16mm with an average size of 16 mmx8.5 mm. There were
60 patients in this group with moderate hydronephrosis and 31 patients
with severe hydronephrosis. There were 13 patients complicated by UTI
and 6 patients who had failed shock wave lithotripsy (SWL) therapy.
In Group 3, the stone size ranged from 8 mmx5mm to 29 mmx15
mm, the average size was 17 mmx9 mm. There were 65 patients in
this group with moderate hydronephrosis and 26 patients with severe
hydronephrosis. There were 15 patients complicated by urinary tract
infection (UTI) and 7 patients who had failed SWL therapy. There were
no statistically significant differences in general data between the 3
groups including sex, age, stone size, severity of hydronephrosis, and
rate of complications (Table 1).

Treatment methods

Surgery took place under continued epidural anesthesia or general
anesthesia. Group 1 received transurethral ureteroscopy using a
Holmium laser. A Wolf F_ ,, rigid ureteroscope was inserted into the
ureter with stone, the stone was then broken using Holmium laser into
gravels less than 4 mm in size. All patients were examined for potential
residual stones by KUB and B ultrasound 3 days postoperatively. For

Table 1. Comparison of general clinical data.

those stone gravels refluxed to the kidney by a saline infusion and
lithotripsy that had a size greater than 4mm, they were treated with
SWL 3-7 days postoperatively.

Group 2 received traditional MPCNL. The patient was first placed
in a lithotomic position and then a prone position. The abdomen was
not boosted, as previously described [4,5]. Ultrasonography-guided
percutaneous punctures were made with an 18-gauge coaxial needle
into the targeted calix (middle/upper kidney calices). The puncture
point was in the 11st or 12 th rib infracostal margin, between the
posterior axillary line and scapula line. Zebra guidewire was inserted
and fixed. The puncture needle was then taken out. After a 0.5-0.7 cm
skin incision, the dilatation of the percutaneous tract was performed
serially over the guidewire with a fascial dilator to 16F. A16Fr peelaway
sheath was placed at the percutaneous access port. Subsequently,
a small diameter nephroscope (12.3 F) was inserted through the
sheath to observe stones. Infusion of normal saline using an infusion
pump was carried out to maintain clear surgical field. Holmium laser
(3.5~4.0Jx15HZ) lithotripsy was then performed after finding the stone
in the upper ureter. Gravels were flushed out by hydraulic pressure
from the perfusion pump, or extracted by forceps manually. After
examination to find whether there were any residual stones inside the
upper ureter, the renal pelvis, and the renal calyces, we antegradely
indwelled a 6F double-] pigtail stent from the renal pelvis to the
bladder. The peelaway sheath was then removed after indwelling a 16 F
nephrostomy tube through the sheath.

Group 3 was treated with MPCNL with the aid of our patented
system. The puncture point was in the 12th rib infracostal margin,
between the posterior axillary line and scapula line. Zebra guidewire
was inserted and fixed and dilatation of the percutaneous tract was
performed serially, the same as the traditional MPCNL. A16Fr patented
sheath (Figures 1 and 2) [4,5] was placed at the percutaneous access port.
The small diameter nephroscope (12.3 F) was subsequently inserted
through the sheath to observe stones. Intraoperatively, physical saline
was used for irrigation. We used irrigation pump to pump the fluid in
and the vacuum suctioning to get the fluid out. A holmium laser was
used to break the stones and the vacuum suctioning device was used to
clear gravel. After examination to find whether there were any residual
stones inside the upper ureter, the renal pelvis, and the renal calyces, we
antegradely indwelled a 6F double-] pigtail stent from the renal pelvis
to the bladder. The patented sheath was then removed after indwelling
a 16 F nephrostomy tube through the sheath [4,5].

All patients in groups 2 and 3 were examined to rule out residual
stones by using KUB and B ultrasound 3 days postoperatively. If there
were no residual stones, the nephrostomy tube was clamped for a day,
and then was removed the next day if there were no symptoms such as
flank pain or fever after the clamping.

All patients in 3 groups were rechecked for KUB and B
ultrasonography 1 month postoperatively. The indwelling double ]
stent was removed 2 to 4 weeks postoperatively. All the patients were

Average age (year) URS MPCNL PMPCNL P
46.4 + 15.1 451 + 152 452 + 14.7 0.58
Sex (n) Male 54 56 53 0.88
Female 37 35 38
Stone burden (mm?) 1342 + 833 150.3 + 93.4 158.7 + 96.8 0.8
Number of cases with varying degrees Moderate 64 62 65 0.87
of hydronephrosis (n) Severe 27 29 26
Number of Cases complicated by UTI (n) 13 15 15 0.68

Nephrol Renal Dis, 2017 doi: 10.15761/NRD.1000118

Volume 2(1): 2-6


http://www.ncbi.nlm.nih.gov/pubmed/21404198
http://www.ncbi.nlm.nih.gov/pubmed/21404198

Yang Z (2017) Prospective comparative multicenter study of suctioning MPCNL with the aid of a patented system, traditional MPCNL and ureteroscopy in treating

impacted upper ureteral stones

Figure 1. A. Parts of the patented sheath 1. Metal Sheath; 2. Side suction tube; 3. Funnel-
shaped internal cavity; 4. Valve of side suction tube; 5. Sealed cap; 6. Sealed working
passage; 7. Sealed lid; 8. Permanent magnetic ring: 9. Hemisphere surface; 10. Magnetic
steel ball; 11. Sealing soft ring. B. The patented sheath.

Figure 2. The patented sheath was connected to a vacuum device.

further followed up with KUB+IVU and ultrasonography for 3 to 12
months to investigate postoperative ureteral stricture and changes
in the degree of hydronephrosis [4,5]. Due to the cost issue, we only
performed postoperative CT for patients with radiolucent stones.

Evaluation

Operative time, amount of bleeding, need of blood transfusion,
rate of postoperative fever, cost of treatment, rate of patients needing
secondary SWL therapy, and stone clearance rate were recorded as data.
Success treatment was defined as residual stones <4 mm by KUB and B
ultrasonography. The amount of intraoperative bleeding was calculated
using a hydrogenated high iron hemoglobin method to measure the
hemoglobin concentration in the suctioned fluid by the following
formula: volume of blood loss (ml) = [hemoglobin concentration in
the suctioned fluid sample (g/L) x total volume of suctioned fluid (ml)]/
preoperative hemoglobin concentration (g/L) [4,5]. The operating time
in the MPCNL group was calculated from insertion of the percutaneous
puncture needle to removal of the patented sheath and closure of its
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site. In the URS group, the operating time was calculated from entrance
of the ureteroscope into the urethra until its withdrawal.

Statistical methods

The operative time, amount of bleeding and cost of treatment were
compared by using Student’s t test; rate of stone clearance, rate of
postoperative fever and rate of cases needing postoperative SWL were
compared by using Chi-Square test. Statistical significance was defined
as p<0.05.

Results

In the URS group, the operative time ranged from 20-90 min
with an average value of 45.2 + 3.1 min; the amount of intraoperative
bleeding ranged from 6-25 ml with an average value at 15.6 + 1.8 ml.
There was no case that needed blood transfusion intraoperatively or
postoperatively. There were 2 cases that were converted to MPCNL
to clear stones due to the difficulty in inserting a ureteroscope. There
was one case that was converted to open surgery to remove the stone
due to significant ureteral injury during the endourological surgery.
The stone clearance rate in this group was found to be 71.4% 3 days
postoperatively. There were 23 cases in this group who needed SWL
therapy for residual stones. One month postoperatively, the stone
clearance rate was found to be 89.0%. There were 14 cases experiencing
postoperative fever from 38.5-41°C. Among these 14 patients, there
was 1 case who suffered from infectious shock postoperatively (Grade
IV by Clavien Classification), even though the patient was cured after
anti-shock and anti-infection treatments. The average cost of treatment
in this group for URS only was 1107.7 + 80.9 US dollars. The average
cost of treatment in this group for URS+SWL was 1252.1 + 96.9 US
dollars. There were two cases in this group of postoperative ureteral
stricture. One case was managed by endoureterotomy; the other case
was managed by open primary ureteroureterostomy.

In the MPCNL group, the operative time ranged from 25 to 95
min with an average value at 43.4 + 2.5 min; amount of intraoperative
bleeding ranged from 45 to 200 ml with an average value at 80.0 + 7.3
ml. There was no case that needed blood transfusion during the surgery.
However, there were 2 cases who suffered from secondary bleeding
postoperatively needing blood transfusion 200-600 ml. All patients
were checked for potential residual stones 3 days postoperatively
(Figure 3). The stone clearance rate was found to be 94%. There were
3 cases in this group who needed SWL therapy for residual stones.
One month postoperatively, the stone clearance rate was found to be
98%. There were 9 cases in this group who experienced postoperative
fever from 38.5-39.6°C. However, the temperatures in these 5 patients
returned to normal after anti-inflammatory treatment. No serious
complications such as organ injury in the abdomen, pneumothorax,
infectious shock, or hemorrhagic shock occurred. The average cost of
treatment in this group was 10123.1 + 1063.7 RMB. There was one case
in this group of postoperative ureteral stricture, which was managed by
endoureterotomy.

In the PMPCNL group, the operative time ranged from 15 to 75
min with an average value at 27.4 + 2.3 min; amount of intraoperative
bleeding ranged from 25 to 100 ml with an average value at 40.2 + 5.3
ml. There was no case that needed blood transfusion during the surgery.
However, there were 2 cases who suffered from secondary bleeding
postoperatively needing blood transfusion 200-400 ml. All patients
were checked for potential residual stones 3 days postoperatively
(Figure 3). The stone clearance rate was found to be 97.8%. One month
postoperatively, the stone clearance rate was found to be 100%. There
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were 5 cases in this group who experienced postoperative fever from
38.5-39.6°C. However, the temperatures in these 5 patients returned to
normal after anti-inflammatory treatment. No serious complications
such as organ injury in the abdomen, pneumothorax, infectious shock,
or hemorrhagic shock occurred. The average cost of treatment in this
group was 1592.1 + 166.4 US dollars. There was no case of postoperative
ureteral stricture identified during the follow-up period.

MPCNL and PMPCNL were superior to URS to a statistically
significant degree in treating upper ureteral impacted stones with
regards to operative time, rate of postoperative fever, need for
postoperative SWL therapy to treat residual stone, and stone clearance
rate. However, there was a significantly higher amount of bleeding
and higher cost of treatment in the MPCNL and PMPCNL groups.
PMPCNL was superior to MPCNL with regards to operative time,
rate of postoperative fever, stone clearance rate by one surgery, and
incidence of ureteral stricture (Table 2).

A B

27x13mm

Figure 3. Single-channel lithotripsy was successfully performed in a 50-year-old male with
a right upper ureteral stone within 20 minutes. Preoperative and postoperative images are
presented. A. Preoperative KUB; B. Preoperative IVU; C: Postoperative KUB.

Table 2. Comparison for intraoperative and postoperative clinical data.

Discussion

For upper ureteral stone which cannot be micturated out by
the patient spontaneously after conservative therapies, the main
treatment options are SWL, ureteroscopic lithotripsy, and PCNL. In
rare circumstances there is a need for open surgery or laparoscopic
surgery [6]. SWL is generally used as the first choice for ureteral stones
that are not impacted. For impacted ureteral stones, or ureteral stones
in patients with stricture or distortion in the urinary tract below the
stones, or ureteral stones complicated by ipsilateral kidney stones or
serious renal insufficiency, the outcome of SWL therapy is not good [3].

Ureteroscopy has become one of the main options in treating
ureteral stones due to its advantages including minimal invasiveness
and the ability to treat bilateral ureteral stones conveniently through
natural anatomic tracts. However, in the present study stone clearance
was significantly poorer than PMPCNL when URS was used to treat
upper ureteral stones. The main cause of this poorer performance
may include the following factors: 1) the stone or gravels are easily
move to the renal pelvis or renal calyces during the operation; 2) it
can be difficult to insert ureteroscope if there is significant stricture or
distortion in the ureteral segments below the ureteral stone; 3) it can
be difficult in perform lithotripsy when the surgical field is obscured
by bleeding from granular tissue surrounding the stone. In addition,
saline infusion under a high pressure during ureteroscopic lithotripsy
frequently leads to high fever and flank pain [5].

When treating impacted upper ureteral stones using a Holmium
laser, the chance of reflux of the stones to the renal pelvis or renal
calyces is relatively low because of the relative fixation of the impacted
stone to the ureter. However, we still saw stone or large gravel reflux to
the kidney in 25.3% (23/91) cases, which meant that secondary SWL
therapy was needed. There were 2 cases that had to be converted to
PMPCNL to clear stones due to the difficulty in inserting a ureteroscope
and one case that was converted to open surgery to remove the stone
due to significant ureteral injury during the endourological surgery.
There were 13.2% cases that experienced postoperative fever including
one case that suffered from infectious shock. Therefore, when using
URL in treating upper ureteral stones, it is important not to forcibly
insert the ureteroscope when there is significant difficulty, in order
to avoid ureteral injury. Even though we need to keep the surgical
field as clear as possible, we should not infuse the patient with saline
continuously under high pressure, to avoid high pressure inside the
renal pelvis and the possibility of stone or gravel reflux into the kidney.
We suggested that the time and pressure of the infusion should be
controlled, and we should infuse and drain alternately, especially in
cases with preoperative urinary tract infection and fever, in order to
avoid septicemia. The main goal of URL is to break the stone into small

URL MPCNL PMPCNL
Patient number (n) 91 91 91
Average operative time(min) 452+3.1 434+25 274 +2.3%
Average amount of bleeding (ml) 156+1.8 80.0+7.3A 40.2 £ 5.3%*
Rate of Postoperative fever (%) 14 (15.4) 9(9.9)A 5(5.5)**
Number of cases needing postoperative SWL therapy (n) 23 3a 0**

Cost of treatment (Chinese Yuan)

7037.2 £ 514.3

10123.1 + 1063.7A 10115.1 + 1057.3*

Stone clearance rate (3 days postoperatively)

71.4% (65/91)

94% (86/91)A 97% (89/91)**

Stone clearance rate (1 month postoperatively) 89% (81/91)

97.8% (89/91)A 100% *

Number of cases with postoperative ureteral stenosis (n) 2

1 0*

MPCNL group compared with URL group, P < 0.05;: PMPCNL group compared with URL group, P < 0.05, but when compared with MPCNL, P>0.05; **:PMPCNL group compared with

URL group and MPCNL group, P < 0.05

A:MPCNL vs. URL, P<0.05 ; * : PMPCNL vs. URL, P<0.05, but PMPCNL vs. MPCNL, P>0.05 ; ** : PMPCNL vs. URL, P<0.05, and PMPCNL vs. MPCNL, P<0.05
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pieces. It is not advisable to retrieve every small piece of gravel out of
the ureter manually, because of the risk of ureteral injury. We suggest
that the laser lithotripsy be done by using a tiny optic fiber cord under
a low energy setting to bite the stone beginning from the edge. This
was found to be able to increase the rate of success in stone-breaking.

In 1996, Kumar et al. reported that the stone clearance rate was as
high as 86% by using standard PCNL in treating upper ureteral stones
and thought the outcome was much better than SWL therapy [7].
However, in standard PCNL, due to the larger size of the percutaneous
tract, there is larger amount of intraoperative bleeding and a higher
rate of postoperative complications, compared with MPCNL. Also due
to the larger sized nephroscope used in standard PCNL, which leads
to greater difficulty in accessing the ureter. In most circumstances,
standard PCNL can only deal with ureteral stones above the level of L3
[8]. MPCNL has been extensively performed over recent years, Jackman
and Lahme et al. concluded that MPCNL had significant advantages,
including fewer injuries, greater ease of use, less intraoperative
bleeding, and fewer major complications [9,10].

Application of traditional MPCNL using a peel-away sheath is
an effective way to treat upper urinary tract calculi. However, this
technique clears stones away mainly through high-pressure perfusion
or the use of pliers to remove stones manually, could therefore lead
to significant complications. Another major disadvantage is that it
lengthens the duration of the surgery.

In order to increase stone clearance rate and reduce complications,
we have designed a PMPCNL with suctioning ability. Our percutaneous
tract was established the same way as a traditional MPCNL; however,
we used a patented suctioning stone-breaking and clearance sheath to
replace the peel-away sheath. The patented sheath was also connected
to a vacuum device to increase aspiration capability [4]. Suctioning
under negative pressure can easily clear the hydrops in the collecting
system. In the meantime, we did not raise the abdomen to fix the kidney
so the movement range of the kidney was increased. The stone was
mainly broken by a Holmium laser in a cutting fashion. All the gravel
less than 5 mm could be sucked away during stone-breaking [4]. Low
negative pressure in the renal pelvis guaranteed that the gravels would
not easily move downward in the ureter, nor would they be refluxed
to the kidney. Impacted ureteral gravels surrounded by the ureteral
polyps could be moved by the patented sheath and then be suctioned
out. Thus the efficacy of gravel clearance was significantly increased,
while the rates of retrograde infection and fluid extravasations were
significantly decreased. In our PMPCNL group, the stone clearance rate
by one surgery was 100%. There were no serious complications in this
group. The stone clearance rate was significantly higher while the rate
of complications was less than in the group who had URS treatment.
The outcome of treatment using PMPCNL was also superior to that in
other stone treatment centers in China where traditional MPCNL was
performed, with a shorter operative time and fewer complications [5,
11,12]. Even though there are so many advantages to use PMPCNL, we
still need to keep the balance of irrigation and suction under negative
pressure, and avoid high pressure in the renal pelvis, especially when
the lateral hole is occluded by gravel.

In conclusion, there are different advantages and disadvantages in
using PMPCNL, MPCNL or URS in treating impacted upper ureteral
stones. In the case of URS there is no need to establish an artificial
operative pathway and less injury. However, there are disadvantages
to it, including a low stone clearance rate, a longer time needed to
clear the stone, and a higher need for postoperative SWL therapy.

Nephrol Renal Dis, 2017 doi: 10.15761/NRD.1000118

There is certain injury when using PMPCNL or MPCNL to treat upper
ureteral impacted stones. However, there was no increased rate of
complications generally, with great advantages, including high efficacy,
great safety, high stone clearance rate, and a shorter operative time.
PMPCNL was superior to MPCNL with regards to operative time, rate
of postoperative fever, and stone clearance rate by one surgery. We
think PMPCNL with the aid of the patented system could be the first
choice in treating complicated impacted upper ureteral stones above
the level of L4, warranting an extensive use.
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