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Background: This study aims to describe a novel laparoscopic aspirator bracket
(LAB) and its use in laparoscopic nephron-sparing surgery (NSS) by a simple
enucleation (SE) technique.

Methods: A total of 123 renal tumor cases who underwent laparoscopic NSS via
LAB or laparoscopic aspirator between July 2017 and April 2021 were
retrospectively analyzed. General characteristics, perioperative data and
postoperative follow-up data of patients were compared.

Results: The application of LAB in laparoscopic renal tumor SE surgery shortened
the operation time (88.58 + 38.25 vs. 102.25 + 35.84 min, p < 0.05) and improved
the zero ischemia rate (18.75% vs. 3.39%, p < 0.05), shortened warm ischemia
time (16.17 + 5.16 vs. 19.39 + 5.62 min, p < 0.05) and decreased intraoperative
blood loss (166.19 + 111.60 vs. 209.15 + 127.10 ml, p < 0.05). In addition, the
serum creatinine and eGFR values in the LAB group also showed faster and better
renal function recovery.

Conclusion: The new LAB could aspirate and expose the operative field with a
single instrument. In operations that need to expose and aspirate simultaneously,
such as in renal tumor simple enucleation, it could shorten operation time,
reduce intraoperative blood loss and improve the postoperative renal function
recovery.
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1 Introduction

Over the past four decades, laparoscopic and robot-assisted
laparoscopic operation have become the mainstay of urologic
operations (1). However, the exposure of operative field during
surgery is a constant problem, especially in surgical fields full of
liquids, such as blood, urine, lymph, or melted fat. The surgeon has
to manipulate a pair of laparoscopic forceps in one hand for
exposure and a laparoscopic ultrasound knife or a pair of bipolar
forceps in the other hand for hemostasis. To aspirate the liquids in
the operative field, the surgeon needs to exchange the laparoscopic
forceps for a laparoscopic aspirator, which will increase the
operative time and bleeding volume. However, for some special
operations, such as renal mass enucleation, a renal pelvic clamp is
required to block the renal blood supply, and the elongated warm
ischemia time (WIT) may result in worse renal function (2).
Subsequently, the “zero ischemia” technique was introduced to
eliminate renal ischemia caused by renal clamping. The term “zero
ischemia” implies that tumor resection was successfully completed
without hilar clamping and thus not subjecting the whole involved
kidney to ischemic stress (3). However, the application of the zero
ischemia technique also poses higher requirements for surgical
technique, operating space, and surgical field of view. Some
surgeons may add another trocar to allow the assistant surgeon to
manipulate the aspirator, but the added surgical instruments may
obstruct the operative space or even interfere with the surgeon’s
operation, and the assistant trocar can add to the surgical
incision (4).

How can the surgeon expose the operative field and aspirate the
liquid simultaneously without congesting the operative field? Our
idea was to combine the function of forceps and aspirator in one
instrument. A new surgical instrument—laparoscopic aspirator
bracket (LAB) made of silicone rubber—was designed. It was put
at the end of the laparoscopic aspirator, thus making it applicable
for surgical exposure and aspiration simultaneously, especially
suitable for very narrow region and operative filed with full
of liquids.

In this study, the new aspirator bracket was applied in a series of
operations in combination with the laparoscopic aspirator, such as for
simple laparoscopic renal tumor enucleation. Perioperative data were
compared with traditional laparoscopic renal tumor enucleation.

2 Materials and methods

2.1 Clinical data

The study was approved by the Ethics Committee of Tang Du
Hospital (April, 2017), and the written consent was signed by all the
patients included in this study. All patients were evaluated
according to institutional review board-approved protocols.

From July 2017 to April 2021, a total of 123 cT;-cT), renal cell
carcinoma patients were operated by laparoscopic surgery in 3
hospitals (Tang Du hospital, Xi Jing hospital and Bao Ji People’s
Hospital) by 6 experienced urologists (Mr. Yong Wang, Mr. Bo
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Zhang, Mr. Jianjun Ma, Mr. Lei Yu, Mr. He Wang, and Mr. Bo
Zhao). Each surgeon had more than 100 cases of experience in
laparoscopic renal mass enucleation. Their peri-operative clinical
data were documented and retrospectively analysed. All the patients
were diagnosed with renal tumor mass by enhanced computed
tomography (CT) scan before surgery. Sixty-four of them were
operated with the LAB. Fifty-nine patients were operated with
traditional laparoscopic aspirator (LA) and forceps.

The following demographic characteristics of the patients were
collected: age, sex, body mass index (BMI), number of renal arteries,
location of tumor, size of tumor, Radius Exophytic Nearness
Anterior/Posterior Location (RENAL) score and tumour
histology. In addition, the operation time, WIT, blood loss
volume, intraoperative transfusion, complications, and pseudo
capsule damage were recorded and analysed. Operation time was
defined as the time from skin incision to closure, and WIT was
defined as the time from clipping the renal artery to releasing the
clip. All patients were followed up for at least 1 year after surgery,
the serum creatine and eGFR values of patient were measured and
analysed before surgery and at the 3rd, 6th and 12th months after
surgery respectively.

2.2 Surgical instruments

The LAB is an invention (ZL 2016 2 0736850.2 from State
Intellectual Property Office of P.R. China) developed by Mr. Yong
Wang (Figures 1A, B). It is made of S820 silica gel (Xi Rui Bo
Technology Co ITD, Wu Han, P.R. China) by Chang Ping
Industrial Incorporation (Xing Ping County, Shaan’xi Province,
P.R. China). It needs a 12-mm standard laparoscopic trocar to pass
through. In both groups, all the laparoscopic instruments were the
same. The 5-mm laparoscopic aspirator (No. 101.149) was made by
Kang Ji Medical Instruments Ltd. (Hang Zhou, Zhe Jiang Province,
P.R. China).

2.3 Surgical procedure

The tumor was enucleated with a simple enucleation technique
(2). That is, it was incised to open the parenchyma along the tumor
margin, bluntly separated the tumor and renal parenchyma along
the pseudocapsule by closed laparoscopic scissors. To expose the
cleavage plane, the tumor was pushed aside with either the LAB
(LAB group) or the forceps (traditional suction group; TS group).
The large vessels traversing this surgical plane were cutted with
laparoscopic scissors and then clipped in the surgical plane when
needed. Then, the whole tumor was enucleated from the kidney
along the cleavage plane. The bleeding site was ablated with bipolar
forceps. Running suture was used for the tumor bed, with 2-0 V-
Loc™ sutures (Medtronic, Inc., Shang Hai, P.R. China). For high
RENAL score tumors (5), a laparoscopic ultrasound was used to
locate the tumor and determine the distance between the tumor and
renal vessels or the collection system. The peri-operative data
were documented.
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FIGURE 1

The laparoscopic aspirator bracket (LAB). (A): The front side of the LAB; (B): The back side of the LAB.

10.3389/fonc.2023.1216963

For the TS group, the surgeon (right-handed) had laparoscopic
forceps in the left hand and the laparoscopic scissors in the right
hand for cutting. When too much blood was seen in the surgical
cleavage plane between tumor and parenchyma, the forceps were

withdrawn and the aspirator was inserted (Figure 2A). If the
surgical cleavage plane was clear, the aspirator was withdrawn
and the scissors were inserted. The whole tumor was enucleated
by a combination of cutting and blunt separation by the scissors (2).

FIGURE 2

The schematic diagram of surgical procedure. (A): Schematic diagram of kidney tumor; (B): Schematic diagram of the position of LAB and
laparoscopic scissors; (C) Schematic diagram of LAB-assisted scissors to cut open renal capsule; (D) Schematic diagram of LAB combined with

scissors cutting and blunt separation of kidney tumors.
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For the LAB group, before enucleation of the renal tumor, the
bracket was put on the end of the laparoscopic aspirator. The
surgeon had the LAB in one hand for exposure and aspiration and
the laparoscopic scissors in the other hand for cutting (Figure 2B).
The renal capsule was cut open with the scissors (Figure 2C) and the
tumor was pushed aside with the LAB. The cleavage plane was
found by a combination of cutting and blunt separation with the
scissors (Figure 2D), and the blood was aspirated with the aspirator
whenever needed. The whole tumor was then enucleated along the
cleavage plane (Supplementary Video: https://drive.google.com/file/
d/1WYmkkPLgMqcjxcgRFs_CgBajwLLIxBlw/view?usp=sharing).

2.4 Statistical analysis

Descriptive analyses of patient characteristics, perioperative
data, and postoperative follow-up data were conducted, including
central tendency and dispersion (mean + standard deviation [SD]),
or median and frequency distribution. The outcomes were analysed
using a t-test or > test, and a p-value < 0.05 was considered
statistically significant. SPSS version 18.0 (SPSS, Inc., Chicago, IL)
was used for statistical analysis.

3 Results

The demographic characteristics of the patients are shown in
Table 1. A total of 123 patients were enrolled in this study. The
patients were 58.89 + 10.55 years old, with a median age of 60 years.
Among all patients, 87 were males, and 36 were females. The BMI of
patients was 24.69 + 4.18 kg/m>. Of all the patients, 61 patients had
the tumor on the right side and 62 on the left side. In addition, 13 of
the 123 patients had two renal arteries supplying blood to the
tumor. The tumor average diameter,,, is 4.15 + 1.40 cm, and the
RENAL score was 6.19+ 1.64 points. The pathological results
showed that among 123 patients, ccRCC accounted for 104,
Papillary type accounted for 11, Chromophobe accounted for 6,
and Oncocytoma accounted for 2. Patients were randomly assigned
to the LAB group and the TS group, of which 64 were in the LAB
group and 59 were in the TS group. There were no difference in
demographic characteristics between the two groups of
patients (Table 1).

All the procedures were performed successfully in 3 hospitals by
6 experienced urologists, and the operative data of the patients from
two groups were compared. As shown in Table 2, there were no
differences in intra-operative transfusion rate, perioperative
complications and pseudo capsule damage between two groups.
However, the operative time was shorter in the LAB group (88.58 +
38.25 min) compared to the TS group (102.25 + 35.84 min).
Moreover, only 2 of the 59 patients (3.39%) in the TS group
achieved zero ischemia, while 12 of the 64 patients (18.75%) in
the LAB group achieved zero ischemia (Table 2, Figure 3). The WIT
(Excluding zero ischemia cases) of the TS group was 19.39 +
5.62 min, while the WIT of the LAB group was only 16.17
5.16 min, which was also shorter than that of the TS group (p
0.05). In addition, the blood loss in LAB group was 166.19

I+

+ A
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111.60 ml, which was significantly lower than that in the TS group
(209.15 + 127.10 ml, p < 0.05).

In order to further compared the recovery of renal function of
patients between two groups, the values of serum creatinine and
eGFR were measured and analyzed. As shown in Table 3, there were
no difference in serum creatinine and eGFR values of patients in the
TS group and the LAB group before surgery. However, with a
regular follow-up of 12 months, the serum creatinine value of the
patients in the LAB group had a quicker recovery at 3rd and 6th
month after the surgery when compared with the TS groups (3rd
month: 97.17 £ 19.61 vs. 103.67 + 16.42 mg/dl, p < 0.05; 6th month:
95.13 + 19.07 vs. 101.46 + 15.50 mg/dl, p < 0.05). In addition, the
eGFR value of patients in TS group decreased from 96.05 + 12.48
ml/min/1.73m?* before surgery to 87.23 + 12.46 ml/min/1.73m? at
the 3rd month after surgery, while that in the LAB group decreased
from 97.39 + 11.49 to 93.43 + 11.53 ml/min/1.73m? only (Table 3).
Moreover, compared with the TS group, the LAB group also showed
quicker recovery of eGFR value at 6 and 12 months after surgery
(95.40 + 11.52 vs. 88.96 + 12.06 ml/min/1.73m?, p <0.0597.01 £
11.34 vs. 91.70 + 12.22 ml/min/1.73m> p < 0.05; Table 3).

4 Discussion

Surgical exposure in a narrow operative space is a constant
problem in laparoscopic operations. Surgeons have developed many
new surgical methods and instruments to improve it, such as the
magnetic anchoring guidance system (MAGS) (6), suture
suspension (7), intra-abdominal exposure instrument (8), and the
natural orifice approach (9), but each method has its pros and cons.

MAGS is a promising complex technique. Levita Magnetics’
Surgical System got approval for laparoscopic gallbladder removal
from the Food and Drug Administration of the United States in
2016. It could perform the intraperitoneal operation through a
single incision (around 30 mm). However, to put in the magnetic
anchored laparoscope, the surgeon needs a 20-35 mm trocar, which
harms the cosmetic effect of the laparoscopy and increases the
incision-related incident ratio. In addition, it needs special magnetic
anchored laparoscopic instruments, which greatly limits its clinical
application (10). Suture suspension or fixation is a convenient
method for laparoscopy surgeons that does not require additional
special instruments. This technique allows laparoscopic surgeons to
suspend any point without adding a trocar or any obvious scar and
thus decreases the difficulty of laparoscopic ureteropelvic
anastomotic suture (11), but it does not help clear the liquids in
the operative field. The intra-abdominal exposure instrument was a
new invention designed by Mr. Qingyi Zhu (CN201620327288.8)
(8). This hairpin-shaped intra-abdominal exposure instrument
could help expose the operative field by pushing the tissue aside.
It is useful in many operations, especially for very narrow and hard-
to-expose places, such as single-incision, retroperitoneal, and
laparoscopic adrenalectomy. However, it cannot aspirate the
liquids in the operative field and, once fixed, is hard and time-
consuming to adjust. To operate or retract a specimen through the
natural orifice approach is also quite efficient. It uses the natural
orifice, such as the urethra (9) or vagina (12), to help the surgeons

frontiersin.org
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TABLE 1 Baseline characteristics for patients involved in this research.

LAB group

(n = 64)

10.3389/fonc.2023.1216963

TS group
(n =59)

Age (years)

Mean + SD 58.89 + 10.55 58.89 + 10.42 58.86 + 10.77 0.989
Median 60.0 60.5 59.0
Sex
Male 87 44 43 0.615
Female 36 20 16
BMI (Kg/mz) 24.69 + 418 24.38 + 4.60 25.02 + 3.68 0.400
Number of 1:(110/123) 1:(56/64) 1:(54/59) 0.4682
renal arteries 2:(13/123) 2:(8/64) 2:(5/59)
Side
Right 61 33 28 0.649
Left 62 31 31
Mean Diameter,,, (cm) 4.15 + 1.40 4.17 + 1.58 4.12 + 1.17 0.864
RENAL score 6.19+ 1.64 6.17 £ 1.62 6.20 + 1.67 0.916
R 1:(64/123) 1:(33/64) 1:(31/59) 0.827
2:(51/123) 2:(26/64) 2:(25/59)
3:(8/123) 3:(5/64) 3:(3/59)
E 1:(76/123) 1:(39/64) 1:(37/59) 0.825
2:(36/123) 2:(20/64) 2:(16/59)
3:(11/123) 3:(5/64) 3:(6/59)
N 1:(74/123) 1:(37/64) 1:(37/59) 0.670
2:(27/123) 2:(16/64) 2:(11/59)
3:(22/123) 3:(11/64) 3:(11/59)
A A:(30/123) P:(23/123) A:(16/64) P:(11/64) A:(14/59) P:(12/59) 0.904
Other(70/123) Other(37/64) Other(33/64)
L 1:(55/123) 1:(32/64) 1:(23/59) 0.925
2:(53/123) 2:(29/64) 2:(24/59)
3:(5/123) 3:(3/64) 3:(2/59)
Tumour histology
ccRCC 104 56 48
Papillary type 11 5 6
0.760
Chromophobe 6 2 4
Oncocytoma 2 1 1

LAB, laparoscopic aspirator bracket; TS, traditional suction; R, size criteria; E, endophytic/exophytic; N, nearness to sinus or calyx; A, anterior or posterior; L, location relative to polar line; The
outcomes of frequency distribution were analyzed using % test and the dispersion data (mean + standard deviation [SD]) was analyzed using t-test. p-value refers to the comparison between LAB

group and TS group, and p < 0.05 was considered statistically significant.

perform the operation or to retract a specimen. However, it is
limited to some special operations, such as radical prostatectomy, or
for female patients only.

For some laparoscopic operations, such as partial nephrectomy
or simple renal tumor enucleation, the operative space is rather
limited and full of liquids, such as blood, urine, and lymph. In
addition, operation time, especially the warm ischemia time, is very
limited (13). In such situations, anatomic exposure and liquid
aspiration are of equal importance (14). However, to aspirate
liquid and expose the anatomic plane simultaneously, such as the

Frontiers in Oncology

plane between the pseudocapsule and the renal parenchyma,
challenges hand skill. The surgeon has two options: (A) To hold
the laparoscopic scissors or ultrasound knife in one hand, with the
aspirator or forceps in the other hand in an alternative mode. The
time to change and position instruments may lengthen the WIT. (B)
The surgeon could hold the laparoscopic forceps in one hand for
exposure and have an assistant surgeon manipulate the aspirator. In
this kind of layout, the forceps, scissors, and aspirator may congest
the anatomic plane, making it difficult to operate. The assistant also
needs a learning curve to coordinate with the operative surgeon
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TABLE 2 Results for the laparoscopic renal tumour enucleation.

10.3389/fonc.2023.1216963

LAB group TS group
(n = 64) (n =59)
Operation time (min) 88.58 + 38.25 102.25 + 35.84 0.043
Number of Zero ischemia (%) 12 (18.75%) 2 (3.39%) 0.007
Warm ischemia time (min) 16.17 + 5.16 19.39 + 5.62 0.002
(Excluding zero ischemia cases) (n =52) (n=57)
Blood loss (ml) 166.19 + 111.60 209.15 + 127.10 0.048
Intraoperative transfusion (%) 3 (4.69%) 2 (3.39%) 0.716
Complication (%) 0 (0%) 1 (1.69%) 0.296
Pseudo capsule damage (%) 0 (0%) 1 (1.69%) 0.296

skillfully, which may affect the WIT (15). In addition, the fourth
trocar may add to abdominal wall trauma.

To solve this problem, the LAB was invented. It combines the
functions of forceps and aspirator, and compared with forceps and
aspirator, LAB has the following four advantages. (A) It can aspirate
liquid and expose the field with a single instrument, thus saving
WIT and increasing the surgeon’s confidence for a zero ischemia
operation. (B) It combines the functions of forceps and aspirator,
thus reducing the use of ancillary operating instruments, which in
turn saves operative space, and also reducing the use of additional
assistant trocars.(C) Its design permits the surgeon to aspirate and
expose the field by himself or herself without additional assistant
surgeon, which facilitates the operation. (D) The LAB’s material
(silicone rubber) helps protect the pseudocapsule of the tumor and
lowering the chance of pseudocapsule damage. In simple
laparoscopic tumor enucleation, the operator has to substitute
forceps for aspirator constantly if just 3 trocars are used. During
forceps withdrawal and aspirator insertion, bleeding in the surgical
plane continues. As a result, surgeons have to repeat the aspirate-
expose-cut-aspirate procedure, which prolongs the operative time
and WIT and increases intraoperative blood loss. LAB combines the
functions of forceps and aspirator, using it can greatly reduce the
number of surgical instrument changes during surgery, thereby
shortening the operation time and reducing intraoperative bleeding.
Consistent with our assumption, the results of our retrospective
analysis showed that the operative time and WIT in the LAB group

were shorter than those in the TS group, and the blood loss also
significantly reduced in the LAB group.

As we all know, in addition to the complete removal of the
tumor, the most important principle of PN is to protect the renal
function as much as possible. Therefore, the monitoring of
postoperative renal function indicators is also a key indicator for
evaluating the success of the operation. In recent years, the long-
term implications of decreased renal function as a result of PN have
been increasingly recognized, and various studies elucidate causes
of decreased renal function after PN have been conducted. In
addition to the loss of function associated with nephrectomy, at
one time ischemia is considered by many researchers to be the most
important factor affecting postoperative renal function (13). The
article published in European Urology in 2010 by Prof. R. Houston
Thompson proposed that every additional minute of warm
ischaemia during PN for tumour in a solitary kidney correlated
with a 5% increased risk of AKI, and a 6% increased risk of new-
onset stage 4 chronic kidney disease (CKD) (16). The view that
“every minute counts when the renal hilum is clamped during
partial nephrectomy” has long been the dominant view in the
academic community. However, in recent years, with the
collection of long-term postoperative follow-up data on partial
nephrectomy patients and the exclusion of other confounding
factors, the significance of the effect of ischemia type and
duration on long-term renal function has been questioned (17).
For example, in an article published in European Urology by Prof.

FIGURE 3

CT images of typical cases of partial nephrectomy with zero ischemia in LAB group. (A): Preoperative coronal CT image; (B):Pre-operative sagittal CT

image; (C): 3 months postoperative CT image.
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TABLE 3 Perioperative renal function of different groups.

Item
(n = 64)

Serum creatinine(mg/dl)

LAB group

10.3389/fonc.2023.1216963

TS group
(n =59)

Preoperative 93.39 + 19.90 94.15 + 15.86 0.816
3 month 97.17 £ 19.61 103.67 + 16.42 0.049
6 month 95.13 £ 19.07 101.46 + 15.50 0.047
12 month 93.53 + 18.94 98.61 + 16.11 0.113
eGFR (ml/min/1.73m?)

Preoperative 97.39 + 11.49 96.05 + 12.48 0.537
3 month 93.43 £ 11.53 87.23 £ 1246 0.005
6 month 95.40 £ 11.52 88.96 + 12.06 0.003
12 month 97.01 + 11.34 91.70 + 12.22 0.014

Alessandro Volpe concluded that “the WIT less than 25 minutes
does not significantly affect long-term renal function “ (18). In
conclusion, the effect of WIT on renal function after PN remains an
important topic of debate. In this study, we found that although
creatinine and other renal function parameters increased more
rapidly in the TS group compared with the LAB group in the
short term, they gradually converged between the two groups as the
follow-up period was extended. This means that patients in the LAB
group achieved better and faster recovery of renal function
compared to those in the TS group, but overall there was no
significant difference in long-term renal function between the two
groups. We consider this may be related to the higher zero ischemia
rate and shorter operative time and WIT in the LAB group.

In conclusion, our study shows that LAB can realize exposes
and aspirates simultaneously by controlling a single instrument
without occupying the surgical space. It is especially suitable for
difficult operations that need to be performed in very narrow fields
full of liquids such as blood, urine, and lymph. It has the potential to
be used in robot-assisted surgery. Our results proved that the LAB
can shorten operation time and WIT in renal tumor enucleation
operations. In addition, it can be applied in many other operations,
such as laparoscopic or robot-assisted laparoscopic radical
prostatectomy and renal tumor embolus extraction.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions
FY, XD, GZ and HW contributed to the conception and design

of the study and developed the study protocol. YW, XD and GZ are
responsible for the recruitment of subjects. QT, BZn, LY and BZo

Frontiers in Oncology

are responsible for the management of the trial, collection and
analysis of the data. YW contributed to the administrative,
technical, material support and obtaining funding. All authors
contributed to modification of the original protocol and all
authors read and approved the final manuscript.

Funding

This study was funded by the National Natural Science
Foundation of China (No0.82002686), and the New Technology
and New Business funding of Tang Du hospital (2015, 2016).

Acknowledgments

We would like to thank Mr. Lidong Mi for the artwork of this
research. A preprint has previously been published (19).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1216963
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yan et al.

References

1. Best SL, Cadeddu JA. Development of magnetic anchoring and guidance systems
for minimally invasive surgery. Indian J Urol (2010) 26(3):418-22. doi: 10.4103/0970-
1591.70585

2. Cao DH, Liu LR, Fang Y, Tang P, Li T, Bai Y, et al. Simple tumor enucleation may not
decrease oncologic outcomes for T1 renal cell carcinoma: A systematic review and meta-
analysis. Urol Oncol (2017) 35(11):661 e15-661 e21. doi: 10.1016/j.urolonc.2017.07.007

3. Ahmad A, Giacomo N, Alexander M, Salah AB, Omer K. Zero ischaemia partial
nephrectomy: a call for standardized nomenclature and functional outcomes. Nat Rev
Urol (2016) 13(11):674-83. doi: 10.1038/nrurol.2016.185

4. Cui X, He YB, Huang WH, Chen L, Chen JC, Zhou CM. Mini-laparoscopic
pyeloplasty to treat UPJO in infants. Minim Invasive Ther Allied Technol (2022) 31
(3):473-478. doi: 10.1080/13645706.2020.1826973

5. Dube H, Bahler CD, Sundaram CP. The learning curve and factors affecting warm
ischemia time during robot-assisted partial nephrectomy. Indian J Urol (2015) 31
(3):223-8. doi: 10.4103/0970-1591.156916

6. Lewandowski PM, Leslie S, Gill I, Desai MM. Laparo-endoscopic single-site
donor nephrectomy: techniques and outcomes. Arch Esp Urol (2012) 65(3):318-28.

7. Liapis D, de la Taille A, Ploussard G, Robert G, Bastien L, Hoznek A, et al.
Analysis of complications from 600 retroperitoneoscopic procedures of the upper
urinary tract during the last 10 years. World J Urol (2008) 26(6):523-30. doi: 10.1007/
500345-008-0319-3

8. Park JS, Kang H, Park SY, Kim HJ, Lee IT, Choi GS. Long-term outcomes after
Natural Orifice Specimen Extraction versus conventional laparoscopy-assisted surgery
for rectal cancer: a matched case-control study. Ann Surg Treat Res (2018) 94(1):26-35.
doi: 10.4174/astr.2018.94.1.26

9. Pouliot F, Pantuck A, Imbeault A, Shuch B, Calimlim B, Audet JF, et al.
Multivariate analysis of the factors involved in loss of renal differential function after
laparoscopic partial nephrectomy: a role for warm ischemia time. Can Urol Assoc |
(2011) 5(2):89-95. doi: 10.5489/cuaj.10044

Frontiers in Oncology

08

10.3389/fonc.2023.1216963

10. Rassweiler ], Goezen AS, Klein JT, Rassweiler-Seyfried MC. The future of
laparoscopy and robotics in urology. Aktuelle Urol (2018) 49(6):488-99.
doi: 10.1055/a-0741-6692

11. Rivas H, Robles I, Riquelme F, Vivanco M, Jimenez J, Marinkovic B, et al.
Magnetic surgery: Results from first prospective clinical trial in 50 patients. Ann Surg
(2018) 267(1):88-93. doi: 10.1097/SLA.0000000000002045

12. Veccia A, Antonelli A, Uzzo RG, Novara G, Kutikov A, Ficarra V, et al.
Predictive value of nephrometry scores in nephron-sparing surgery: A systematic
review and meta-analysis. Eur Urol Focus (2020) 6(3):490-504. doi: 10.1016/
j.euf.2019.11.004

13. Zhao PT, Richstone L, Kavoussi LR. Laparoscopic partial nephrectomy. Int |
Surg (2016) 36(Pt C):548-53. doi: 10.1016/}.ij5u.2016.04.028

14. Zhong W, Du Y, Zhang L, Li X, Zhang C, Fang D, et al. The application of
internal suspension technique in retroperitoneal laparoscopic partial nephrectomy for
renal ventral tumors. BioMed Res Int (2017) 2017:1849649. doi: 10.1155/2017/1849649

15. Zhu C, Su J, Yuan L, Zhang Y, Lu ZJ, Su Y, et al. Transurethral assistant
transumbilical laparoendoscopic single-site radical prostatectomy. Asian ] Androl
(2017) 19(4):473-6. doi: 10.4103/1008-682X.173437

16. Thompson RH, Lane RB, Lohse CM, Leibovich BC, Fergany A, Frank I, et al.
Every minute counts when the renal hilum is clamped during partial nephrectomy. Eur
Urol (2010) 58(3):340-5. doi: 10.1016/j.eururo.2010.05.047

17. Campbell SC, Campbell JA, Munoz-Lopez C, Rathi N, Yasuda Y,
Attawettayanon W. Every decade counts: a narrative review of functional recovery
after partial nephrectomy. BJU Int (2023) 131(2):165-72. doi: 10.1111/bju.15848

18. Volpe A, Blute ML, Ficarra V, Gill IS, Kutikov A, Porpiglia F, et al. Renal
ischemia and function after partial nephrectomy: A collaborative review of the
literature. Eur Urol (2015) 68(1):61-74. doi: 10.1016/j.eururo.2015.01.025

19. Available at: https://www.researchsquare.com/article/rs-917427/v1

frontiersin.org


https://doi.org/10.4103/0970-1591.70585
https://doi.org/10.4103/0970-1591.70585
https://doi.org/10.1016/j.urolonc.2017.07.007
https://doi.org/10.1038/nrurol.2016.185
https://doi.org/10.1080/13645706.2020.1826973
https://doi.org/10.4103/0970-1591.156916
https://doi.org/10.1007/s00345-008-0319-3
https://doi.org/10.1007/s00345-008-0319-3
https://doi.org/10.4174/astr.2018.94.1.26
https://doi.org/10.5489/cuaj.10044
https://doi.org/10.1055/a-0741-6692
https://doi.org/10.1097/SLA.0000000000002045
https://doi.org/10.1016/j.euf.2019.11.004
https://doi.org/10.1016/j.euf.2019.11.004
https://doi.org/10.1016/j.ijsu.2016.04.028
https://doi.org/10.1155/2017/1849649
https://doi.org/10.4103/1008-682X.173437
https://doi.org/10.1016/j.eururo.2010.05.047
https://doi.org/10.1111/bju.15848
https://doi.org/10.1016/j.eururo.2015.01.025
https://www.researchsquare.com/article/rs-917427/v1
https://doi.org/10.3389/fonc.2023.1216963
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Laparoscopic aspirator bracket: a new instrument facilitating the aspiration and exposure of operative field simultaneously in laparoscopic nephron-sparing surgery
	1 Introduction
	2 Materials and methods
	2.1 Clinical data
	2.2 Surgical instruments
	2.3 Surgical procedure
	2.4 Statistical analysis

	3 Results
	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


