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Abstract
Objectives  To evaluate the feasibility and clinical efficacy of a novel intraabdominal retractor device in laparoendoscopic 
single-site nephrectomy(LESS-N).
Methods  Between February 2012 and February 2017, 98 patients underwent LESS-N in our institution, including 38 patients 
with benign renal disease and 60 patients with malignant renal disease. 39 were performed conventional LESS-N(C-LESS-
N) and 59 were performed intraabdominal retractor-assisted LESS-N(IAR-LESS-N). Demographic data, and perioperative 
and postoperative data were collected and analyzed retrospectively.
Results  All the procedures were completed successfully. In C-LESS-N group, four patients were added one 5-mm addi-
tional trocar and two patients were converted to open surgery. In IAR-LESS-N group, no patients required additional trocars 
or conversion to open surgery. The mean operative time was lower in IAR-LESS-N group than that in C-LESS-N group 
(94.2 min vs 127.4 min, P < 0.05). The mean renal vascular management time declined from 25.4 min in C-LESS-N group to 
18.4 min in IAR-LESS-N group (P < 0.05). The mean estimated blood loss was 128.6 ml in C-LESS-N group and 102.3 ml 
in IAR-LESS-N group (P < 0.05). Two patients in C-LESS-N group required blood transfusion, while none of the patients 
in IAR-LESS-N group did. No severe postoperative complications occurred in both groups. Study limitations included ret-
rospective study, short follow-up, and accumulated surgical experience and skills.
Conclusions  Intraabdominal retractors allow performance of LESS-N with improved working space, quicker renal hilar 
management, and shortened total operative time. It is expected that the application of intraabdominal retractors, along with 
the new robotic platform might revive LESS and translate into a renewed future interest of LESS.
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Introduction

Laparoendoscopic single-site surgery (LESS) has been 
developed to offer a less morbid procedure with a better 
cosmetic outcome compared to conventional laparoscopic 
surgery [1, 2]. Early reports have demonstrated the feasibil-
ity and safety of a broad range of LESS urologic procedures, 
especially upper-tract LESS procedures [3–5]. LESS, how-
ever, was often difficult to fully expose the surgical area 
because of limited space for manipulating instruments and 

a lack of triangulation, so that the operation was laborious 
and the operative time was prolonged. To overcome these 
difficulties, extra surgical ports or needlescopic instruments, 
along with specialized curved instruments or robotic systems 
were proposed [6, 7]. These modifications offered better 
results in terms of surgeon’s performance and convenience.

In our center, a series of intraabdominal retractors were 
recently introduced in LESS upper urinary tract surgery, 
aimed at improving the exposure of the surgical area and 
facilitating surgeon’s performance. Here, we presented our 
initial experience of intraabdominal retractor-assisted LESS-
nephrectomy (IAR-LESS-N) and focused on the comparison 
with conventional LESS-N (C-LESS-N). *	 Qingyi Zhu 
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Methods

Patients

Between February 2012 and February 2017, 98 adult 
patients underwent LESS-N (60 radical nephrectomy for 
malignant neoplasms and 38 simple nephrectomies for 
non-neoplastic aetiology) by a single surgeon via either 
C-LESS-N or IAR-LESS-N in our center. Indications for 
simple nephrectomy included symptomatic poorly func-
tioning small or hydronephrotic kidneys and a diuretic 
renogram confirming < 10% function in the target kidney 
with a normal contralateral kidney. Radical nephrectomy 
was performed for cases with a clinically confirmed T2 or 
lower tumor stage for which nephron-sparing surgery by 
either an open or laparoscopic approach was not possible. 

If a patient’s overall condition was suitable for laparos-
copy, we performed LESS, irrespective of the patient’s 
body mass index (BMI) or previous operation history. 
Preoperative data were collected prospectively into our 
institutional review board-approved database that included 
demographic data, patient age, body mass index (BMI), 
and tumor characteristics. The ethics committee of Jiangsu 
Provincial Hospital of Traditional Chinese Medicine 
approved this study and informed consent was obtained 
from all patients.

Surgical technique

Under general anesthesia and endotracheal intubation, 
the patients were placed in a 45° flank position and sup-
ported by adequate padding (Fig. 1a, b). A ~ 3-cm long 
transumbilical incision was made to place a single-incision 

Fig. 1   Surgical position and 
tools for LESS-N (a Surgical 
position for patients performed 
LESS-N; b the surgeon sat 
on one side of the operating 
table for an operation; c type 
I intraabdominal retractors; d 
type II intraabdominal retrac-
tors; e diagrammatic representa-
tion of the use of intraabdomi-
nal retractors; f The retractor 
was held by a forceps and was 
inserted into the abdominal cav-
ity through a 12-mm port)
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multiport laparoscopic surgery trocar (Innovex Bio-
sciences, Shanghai, China). The trocar contains one 
12-mm and three 5-mm ports. Conventional straight 
laparoscopic instruments, such as dissectors, monopolar 
hooks, and needle holders, were routinely used. An all-
in-one 5-mm 30° rigid laparoscope (Olympus Corpora-
tion, Tokyo, Japan) and a prolonged Sonicision™ 48-cm 
cordless ultrasonic dissection device (Covidien Medtronic, 
Minneapolis, MN, USA) were adopted in our LESS sur-
geries to reduce instrument interference. No articulating 
or bent laparoscopic instruments were needed.

After entering the abdominal cavity, dorsal peritoneum 
was incised laterally to the colon. Gerota’s fascia was opened 
longitudinally and medially to the kidney. The ureter was 
identified, and dissection was continued proximally, toward 
the renal hilum. If severe hydronephrosis was present, the 
collecting system was drained through a small incision with 
an aspirator to achieve better exposure of the renal hilum.

For the cases in the C-LESS-N group, the renal artery and 
vein were fully dissected and double-clipped separately with 
12-mm Hem-o-Lok clips. In most cases, the renal artery was 
located behind the renal vein and the artery should be care-
fully separated from the renal vein.

For another group of patients, a series of intraabdominal 
retractors (Ufremed Medical, Jiangsu, China) were inserted 
into the abdominal cavity through a 12-mm laparoscopic 
port and helped expose the surgical area. Intraabdominal 
retractors mainly had two types. Type I was characterized 
by toothless clamps at both ends, connected by two paral-
lel wires with moderate toughness (Fig. 1c). Type II was 
distinguished by a toothless clamp at one end and a curved 
wire at the other end (Fig. 1d, e). After adequate dissection 
of the operative field, one end of the retractor was held by 
a forceps and inserted into the abdominal cavity through a 
12-mm port (Fig. 1f). The toothless clamp was applied to 
tissues around the operative field that was to be retracted. 
The other end of the retractor clipped the contralateral tissue 
(Fig. 2a, b). The wires in the center were bent into an arch 
toward the abdomen. If optimal retraction was not achieved 
during the operation, readjustment was achieved by simply 
moving one end of the retractor. With this method, the over-
laying loops of bowel or tissues above the kidney were easily 
retracted. When isolating the renal artery and vein, type II 
intraabdominal retractors could directly raise the renal vein 
with the curved wire at one end, exposing the renal artery 
clearly (Fig. 2c–f). After exposure, the renal vessels were 
ligated and severed. At the conclusion of the operation, the 
retractions were removed in the reverse order via trocar to 
avoid unintended injury.

For simple nephrectomy, the specimen was removed 
intact through the initial skin incision without the laparo-
scopic retrieval bag. For radical nephrectomy, the initial skin 
incision was extended in the cranio-caudal direction until the 

specimen in the laparoscopic retrieval bag could be extracted 
intact without severe resistance (Fig. 3a, b).

Statistical analysis

Surgery data including operative time, renal vascular man-
agement time, estimated blood loss, additional ports or con-
version to standard laparoscopy, length of hospitalization, 
and any intraoperative and postoperative complications were 
recorded. Operative time was calculated from the time of 
skin incision to skin closure. Renal vascular management 
time was calculated from the time of isolating renal vascular 
to severing renal vascular. Statistical analysis was performed 
using SPSS version 22.0. Discrete variables were compared 
by x2 analysis. Differences between groups were analyzed 
with Student’s t test. P < 0.05 was considered statistically 
significant.

Results

Patient demographics

Table 1 lists the patients’ demographics and tumor char-
acteristics of the whole study cohort and the comparison 
between the C-LESS-N and IAR-LESS-N groups. 39 
patients underwent C-LESS-N and 59 patients underwent 
IAR-LESS-N. Twenty-one patients had prior abdominal sur-
geries and LESS was successfully performed after adhesions 
were fully released. There were no significant differences in 
patients’ demographics and tumor characteristics between 
two groups. Most patients had stage T1b tumors. One patient 
had stage T1a tumor; however, the tumor was near renal 
hilum and not suitable for nephron-sparing surgery.

Perioperative values and complications

In all cases, a transperineal access was adopted. Opera-
tive time, perioperative blood loss, and related variables 
are described in Table 2. In the C-LESS-N group, four 
patients were added one 5-mm additional trocar, and two 
patients were converted to open surgery because of vessel 
injury. In the IAR-LESS-N group, adequate retraction was 
achieved in all cases. Intraabdominal retractors maintained 
a consistent operative field and could be readjusted easily. 
There were no complications associated with intraabdomi-
nal retractors placement or removal. No patients required 
additional trocars or conversion to open surgery. The mean 
operative time was lower in the IAR-LESS-N group than that 
in the C-LESS-N group (94.2 min vs 127.4 min, P < 0.05). 
The mean renal vascular management time declined from 
25.4 min in the C-LESS-N group to 18.4 min in the IAR-
LESS-N group (P < 0.05). The mean estimated blood loss 
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was 128.6 ml in the C-LESS-N group and 102.3 ml in the 
IAR-LESS-N group (P < 0.05). Two patients in the C-LESS-
N group required blood transfusion, while no patients 
required in the IAR-LESS-N group. No severe postopera-
tive complications occurred in both groups.

Pathology and follow‑up

As shown in Table 1, there were 38 patients performed 
simple LESS-N because of benign indications, and the 
specimens had pathologies consistent with benign pro-
cesses such as chronic pyelonephritis without evidence of 
malignancy. The remaining 60 cases were performed LESS 
radical nephrectomy because of enhancing renal masses. 
The definitive pathologic results revealed a renal cell car-
cinoma in these specimens. Most tumors were T1b stage 
and there were no significant differences in the pathological 

characteristics between two groups. All tumors were organ 
confined with negative surgical margins (Table 3).

Incision was totally hidden within the umbilicus in all 
patients (Fig. 3c). Local recurrence developed in one patient 
in the C-LESS-N group at 41 mo and then retroperitoneal 
laparoendoscopic surgery was performed. No patients in 
either group who underwent nephrectomy for malignant 
suspicion exhibited distant metastases.

Discussion

In 2007, Rane et al. [8] reported the first case of LESS-N 
in the world. From then on, LESS developed rapidly and 
became a new minimally invasive technique in urology. To 
date, most of the experiences with LESS in urology were 
reported by surgeons [4, 5, 9, 10]. However, in the past few 

Fig. 2   Application of intraab-
dominal retractors in LESS-N 
(a, c, e, the structures of renal 
hilum were shown before the 
use of intraabdominal retractors; 
b, d, f, the renal hilum and renal 
artery were revealed by using 
intraabdominal retractors)
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years, there has been a decreasing interest on LESS because 
of the significant challenges for surgeons [11]. Technical 
difficulties have left laparoscopic surgeons in search of new 
methods to ease this burden.

As previously confirmed by scholars, when laparoscopic 
nephrectomy was performed, transperitoneal access had 
advantages such as large working space, clear vision, and 
readily identifiable anatomical landmarks. All of these 
were beneficial to LESS-N. However, the transperitoneal 
approach also had perceived disadvantages. For example, 
access to the renal hilum required retraction of the overlay-
ing loops of bowels above renal hilum, and renal artery was 
usually deep behind the renal vein and difficult to isolate 
[12]. Fan et al. [13] conducted a meta-analysis of a com-
parative study on transperitoneal nephrectomy and retrop-
eritoneal laparoscopic radical nephrectomy. The results indi-
cated that transperitoneal approach had a longer renal artery 
control and operating time than retroperitoneal approach. 
The complications, such as intraoperative vascular injury, 
conversion to open surgery, also increased in transperitoneal 
approach [14]. To reduce the difficulty of the surgery and its 
complications, surgeons had tried some methods, including 
increasing the additional ports or needlescopic instruments, 
magnetic use of an anchoring and guidance system [15], and 
elevating the ureter with thread introduced through abdomi-
nal wall [16]. In 2013, Zhang et al. [17] used pulling-up 
technique to suspend the lower pole or the middle part of the 
kidney. The hilar vessels were visualized by this maneuver.

In the present study, we designed a serial of intraab-
dominal retractors to help expose the intraoperative work-
ing space. The retractors do not result in skin wounds. The 
middle of the retractor was two parallel wires with moder-
ate toughness that could provide enough traction power 
to allow maintaining a stable retraction during the entire 
procedure. When necessary, readjustment of the retractors 
was easy by moving the clip to destination. The applica-
tion of one or two intraabdominal retractors could result in 
optimal retraction of the surgical field. Furthermore, one 
end of type II retractor was a blunt bending wire, which 
could pull the tissues or renal vein effectively and no sec-
ondary injuries occurred during the operation.

With the help of retractors, no cases required inser-
tion of additional ports or conversions to open approaches. 
Meanwhile, the operative time and renal vascular manage-
ment time were shortened because of good exposure in the 
IAR-LESS-N group, suggesting that the use of intraab-
dominal retractors had made the surgery more manageable.

As with all oncological surgeries, oncological outcomes 
after radical nephrectomy were of paramount importance. 
In the present study, we observed local recurrence in one 
patient in the C-LESS-N group and no positive surgical 
margins were observed in both groups. These results were 
seemed to be equivalent to the existing literature [18, 19]. 
The lower recurrence rate may be the result of a shorter 
follow-up time.

Fig. 3   Specimen and surgical 
scar (a Specimen of hydrone-
phrotic kidney; b Specimen of 
malignant kidney; c Postopera-
tive appearance of surgical scar 
after LESS-N)
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The present study had several limitations. First, it was a 
retrospective study and the patients were not randomized, 
though the baseline characteristics between the two surgi-
cal approaches were not significantly different. Second, we 
simultaneously observed simple and radical nephrectomy 
and this may disturb the results. Separated analysis is needed 
in further study. Finally, although the same surgeon per-
formed two groups of surgeries, the application of intraab-
dominal retractors was later and we need to consider the 
influence of more experienced and skilled techniques on the 
results of this study. Despite these limitations, our report 
may be helpful for surgeons who are not familiar with LESS 
and use of this tool may help to expand the application of 
LESS.

In conclusion, using intraabdominal retractors in LESS-
N is feasible with improved working space, quicker renal 
hilar management, and shortened total operative time. It is 
expected that the application of intraabdominal retractors, 
along with the new robotic platform designed for single-site 
use might revive LESS and translate into a renewed future 
interest of LESS.

Table 1   Clinical characteristics 
of patients

C-LESS-N conventional laparoendoscopic single-site nephrectomy, IAR-LESS-N intraabdominal retractor-
assisted laparoendoscopic single-site nephrectomy, BMI body mass index

C-LESS-N
n = 39

IAR-LESS-N
n = 59

p

Simple nephrectomy
Patients, n 17 21
Age, year, mean (range) 55.0 (30–75) 53.1 (44–68) 0.36
Gender, n (%) 0.796
 Male 8 (47.1) 9 (42.9)
 Female 9 (52.9) 12 (57.1)

BMI, kg/m2, mean (range) 23.9 (17.5–28.4) 24.2 (19.5–27.9) 0.24
Target kidney, n (%) 0.635
 Left 11 (64.7) 12 (57.1)
 Right 6 (35.3) 9 (42.9)

Radical nephrectomy
Patients, n 22 38
Age, year, mean (range) 54.9 (30–71) 60.7 (50–76) 0.47
Gender, n (%)
 Male 14 (63.6) 24 (63.2) 0.970
 Female 8 (36.4) 14 (36.8)

BMI, kg/m2, mean (range) 24.4 (22.7–33.3) 25.6 (23.9–29.1) 0.38
Target kidney, n (%) 0.381
 Left 9 (40.9) 20 (52.6)
 Right 13 (59.1) 18 (47.4)

Tumor size, cm, mean (range) 5.7 (3.5–7.6) 5.3 (4.2–7.5) 0.42
Clinical T stage of tumor, n (%) 0.343
 T1a 1 (4.5) 0 (0)
 T1b 19 (86.4) 36 (94.7)
 T2a 2 (9.1) 2 (5.3)

Table 2   Perioperative and outcomes of patients performed LESS-N

C-LESS-N conventional laparoendoscopic single-site nephrectomy, 
IAR-LESS-N intraabdominal retractor-assisted laparoendoscopic sin-
gle-site nephrectomy; ORT operative room time, EBL estimated blood 
loss, LOS length of stay

Outcomes C-LESS-N
n = 39

IAR-LESS-N
n = 59

p

ORT, min, mean (range) 127.4 (80–230) 94.2 (65–140) 0.044*
Renal vascular manage-

ment time, min, mean 
(range)

25.4 (14–40) 18.4 (14–23) 0.001**

EBL, ml, mean (range) 128.6 (50–600) 102.3 (50–160) 0.029*
Blood transfusion, n (%) 2 (0) 0(0)
LOS, d, mean(range) 9.1 (7–14) 9.6 (6–14) 0.62
Additional ports used 4 0
Number converted to 

open
2 0



415International Urology and Nephrology (2019) 51:409–415	

1 3

Funding  This study was funded by Jiangsu Provincial Hospital of Tra-
ditional Chinese Medicine (Grant Number: Y-17065).

Compliance with ethical standards 

Conflict of interest  Author Deng Zhonglei has received the research 
grant from Jiangsu Provincial Hospital of Traditional Chinese Medi-
cine. Authors Su Jian, Zhu Qingyi, Yuan Lin, Zhang Yang, Zhang Qin-
gling, Wei Yunfei, and Shen Luming declare that they have no conflict 
of interest.

Ethical approval  All procedures performed in studies involving human 
participants were inaccordance with the ethical standards of the ethics 
committee of Jiangsu ProvincialHospital of Traditional Chinese Medi-
cine and with the 1964 Helsinki declaration andits later amendments 
or comparable ethical standards.

Informed consent  Informed consent was obtained from all individual 
participants included in thestudy.

References

	 1.	 Autorino R, Brandao LF, Sankari B,et al (2015) Laparoendoscopic 
single-site (LESS) vs laparoscopic living-donor nephrectomy: a 
systematic review and meta-analysis. BJU Int 115:206–215

	 2.	 Park JY, Kim DY, Suh DS et al (2014) Laparoendoscopic single-
site versus conventional laparoscopic surgical staging for early-
stage endometrial cancer. Int J Gynecol Cancer 24:358–363

	 3.	 Gurluler E, Berber I, Cakir U, Gurkan A (2014) Laparoendoscopic 
single-site donor nephrectomy:a single-center initial experience. 
Ann Transpl 30:551–555

	 4.	 Hora M, Ürge T, Stránský P et al (2014) Laparoendoscopic single-
site surgery adrenalectomy - own experience and matched case-
control study with standard laparoscopic adrenalectomy. Wideo-
chir Inne Tech Malo Inwazyjne 9:596–602

	 5.	 Park SY, Rha KH, Autorino R et al (2013) Laparoendoscopic 
single-site nephroureterectomy for upper urinary tract urothelial 
carcinoma: outcomes of an international multi-institutional study 
of 101 patients. BJU Int 112:610–615

	 6.	 Liatsikos E, Kyriazis I, Kallidonis P et al (2012) Pure single-
port laparoscopic surgery or mix of techniques? World J Urol 
30:581–587

	 7.	 Brown-Clerk B, de Laveaga AE, LaGrange CA et al (2011) Lapa-
roendoscopic single-site(LESS) surgery versus conventional lapa-
roscopic surgery: comparison of surgical port performance in a 
surgical simulator with novices. Surg Endosc 25:2210–2218

	 8.	 Rane A, Kommu S, Eddy B, Bonadio F, Rao P (2007) Clinical 
evaluation of a novel laparoscopic port(R-Port TM) in urology 
and evolution of the single laparoscopic port procedure(SLIPP). 
J Endourol 21(Supp 11):A22–A23

	 9.	 Tugcu V, Ilbey YO, Mutlu B et al (2010) Laparoendoscopic sin-
gle-site surgery versus standard laparoscopic simple nephrectomy: 
a prospective randomized study. J Endourol 24:1315–1320

	10.	 Raman JD, Bagrodia A, Cadeddu JA (2009) Single-incision 
umbilical laparoscopic versus conventional laparoscopic nephrec-
tomy: a comparison of perioperative outcomes and short-term 
measures of convalescence. Eur Urol 55:1198–1204

	11.	 Sorokin I, Canvasser NE, Irwin B,et al (2017) The decline of 
laparoendoscopic single-site surgery: a survey of the endouro-
logical society to identify shortcomings and guidance for future 
directions. J Endourol 31:1049–1055

	12.	 Desai MM, Strzempkowski B, Matin SF et al (2005) Prospective 
randomized comparison of transperitoneal versus retroperitoneal 
laparoscopic radical nephrectomy. J Urol 173:38–41

	13.	 Fan X, Xu K, Lin T et al (2012) Comparison of transperito-
neal and retroperitoneal laparoscopic nephrectomy for renal 
cell carcinoma: a systematic review and meta-analysis. BJU Int 
111:611–621

	14.	 Taue R, Izaki H, Koizumi T et al (2009) Transperitoneal versus 
retroperitoneal laparoscopic radical nephrectomy: a comparative 
study. Int J Urol 16:263–267

	15.	 Han WK, Tan YK, Olweny EO et al (2013) Comparison between 
magnetic anchoring and guidance system camera-assisted lapa-
roendoscopic single-site surgery nephrectomy and conventional 
laparoendoscopic single-site surgery nephrectomy in a porcine 
model: focus on ergonomics and workload profiles. J Endourol 
27:490–496

	16.	 Hora M, Eret V, Stransky P et al (2014) Position of laparoendo-
scopic single-site surgery nephrectomy in clinical practice and 
comparison (matched case-control study) with standard laparo-
scopic nephrectomy. Videosurg Miniinv 9:371–379

	17.	 Zhang SD, Ma LL, Huang Y et al (2013) Technical improvement 
of transumbilical laparoendscopic single-site nephrectomy. Bei-
jing Da Xue Xue Bao 45:579–583

	18.	 Greco F, Veneziano D, Wagner S et al (2012) Laparoendoscopic 
single-site radical nephrectomy for renal cancer: technique and 
surgical outcomes. Eur Urol 62:168–174

	19.	 Cheng J, Chen J, Sheng X,et al (2015) Oncologic and functional 
outcomes of laparoendoscopic single-site radical nephrectomy for 
localized kidney cancer: a single surgeon’s series with a minimum 
of 3-year follow-up. J Endourol 29:1242–1247

Table 3   Pathology and tumor characteristics in patients performed 
for malignant indications

C-LESS-N conventional laparoendoscopic single-site nephrectomy; 
IAR-LESS-N intraabdominal retractor-assisted laparoendoscopic sin-
gle-site nephrectomy

Characteristics C-LESS-N IAR-LESS-N p value

Patients, no 22 38
Pathologic subtype, n (%) 0.414
 Clear cell carcinoma 20 36
 Papillary carcinoma 2 1
 Chromophobe carcinoma 0 1

Tumor staging, n (%) 0.359
 pT1a 1 (4.5) 0 (0)
 pT1b 18 (81.8) 34 (89.5)
 pT2a 2 (9.1) 1 (2.6)
 pT3a 1 (4.5) 3 (7.9)

Tumor grade, n (%) 0.846
 Well differentiated 13 (59.1) 23 (60.5)
 Moderately differentiated 7 (31.8) 13 (34.2)
 Poorly differentiated 2 (9.1) 2 (5.3)

Positive surgical margin, n (%) 0 (0) 0 (0)
Local recurrence, n (%) 1 (4.5) 0 (0)
Distant metastases, n (%) 0 (0) 0 (0)


	Laparoendoscopic single-site nephrectomy with the aid of intraabdominal retractors
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients
	Surgical technique
	Statistical analysis

	Results
	Patient demographics
	Perioperative values and complications
	Pathology and follow-up

	Discussion
	References


